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A B S T R A C T

	 Sleep	 is	 a	 complex	physiological	phenomenon	crucial	 for	health.	Despite	 this,	millions	 suffer	 from	
sleep	 disorders,	 contributing	 to	 a	 range	 of	 health	 issues,	 particularly	 cardiovascular	 diseases	 (CVD).	 The	
pathophysiological	mechanisms	linking	sleep	disorders,	such	as	insomnia	and	obstructive	sleep	apnea	(OSA),	
to	 cardiovascular	 risk	 factors	 include	 disruptions	 in	 inflammatory,	 autonomic,	 and	 metabolic	 pathways.	
Increased	sympathetic	nervous	system	activity,	chronic	inflammation,	and	metabolic	dysregulation	stemming	
from	poor	sleep	can	lead	to	conditions	like	hypertension,	obesity,	and	insulin	resistance,	significantly	elevating	
the	risk	for	CVD.	
	 This	 article	 reviews	 the	 connection	 between	 sleep	 quality	 and	 cardiovascular	 disease	 risks.	 Sleep	
disorders	(i.e.,	insomnia	and	OSA)	have	been	found	to	impact	cardiovascular	risk	factors	adversely.	Studies	
have	found	an	association	between	abnormal	sleep	and	increased	cardiovascular	morbidity	and	mortality	by	
higher	risks	of	hypertension,	diabetes,	obesity,	and	dyslipidemia.	
	 The	review	also	discusses	non-pharmacological	interventions,	such	as	relaxation	training,	Cognitive	
behavioural	 therapy	 for	 insomnia	 (CBT-I),	 and	 red	 light	 therapy,	which	have	shown	efficacy	 in	 improving	
sleep	quality	and	reducing	cardiovascular	risks.	Dual	orexin	receptor	antagonists	and	Ashwagandha	promise	
to	enhance	sleep	quality	and	cardiovascular	health,	but	further	research	is	needed.	Addressing	sleep	disorders	
and	promoting	healthy	sleep	practices	are	essential	for	mitigating	the	global	burden	of	cardiovascular	diseases,	
underscoring	the	need	for	continued	research	and	effective	public	health	interventions.
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INTRODUCTION

			Sleep	is	a	multifaceted	physiological	phenomenon	
wherein	 the	 body	 and	 mind	 enter	 a	 state	 of	 rest	 for	
a	 duration.1	 The	 World	 Health	 Organization	 has	
acknowledged	sleep	as	a	crucial	health	state	and	activity;	
however,	 millions	 worldwide	 suffer	 from	 insufficient	
sleep,	and	approximately	50	to	70	million	adults	in	the	
US	 experience	 a	 sleep	 disorder	 or	 report	 inadequate	
sleep.2,3	 People	 in	 various	 age	 groups	 need	 varying	
amounts	 of	 sleep	 depending	 on	 their	 physiological	
requirements.	Infants	can	sleep	up	to	12-15	hours	daily,	
which	 may	 benefit	 their	 growth	 and	 development.	 In	
contrast,	children	and	teenagers	should	sleep	an	average	
of	 9-11	 hours	 and	 8-10	 hours	 per	 night,	 respectively.	
Meanwhile,	the	typical	adult	requires	between	7-9	hours	
of	sleep	each	night,	but	around	sixty,	the	average	night’s	
sleep	 tends	 to	 be	 shorter,	 lighter,	 and	more	 frequently	
interrupted	by	awakenings.4	There	are	two	main	stages	
of	sleep:	REM	(rapid	eye	movement)	and	NREM	(non-
rapid	 eye	 movement),	 which	 are	 divided	 into	 three	
stages	(N1–N3)	(Table	1).	Each	phase	and	stage	of	sleep	
involves	 changes	 in	muscle	 tone,	 brain	wave	 patterns,	
and	eye	movements,	and	the	body	cycles	through	these	
stages	 approximately	 4	 to	 6	 times	 each	night,	with	 an	
average	cycle	length	of	ninety	minutes.5	Several	factors	
contribute	to	optimal	sleep,	including	enough	duration,	
excellent	quality,	appropriate	scheduling,	and	the	absence	
of	sleep-related	problems.	Individuals’	health	and	well-
being	 are	 negatively	 impacted	 by	 sleep	 deprivation.4 

Getting	adequate	sleep	is	critical	for	maintaining	good	
physical	 and	 mental	 health.	 Medical	 disorders	 such	
as	 obstructive	 sleep	 apnea,	 obesity,	 diabetes	 mellitus,	
insulin	resistance,	hypertension,	depression,	and	anxiety	
are	all	significantly	correlated	with	sleep	deprivation.6

	 	 	 Cardiovascular	 disease	 (CVD)	 risk	 factors	
include	 non-modifiable	 factors	 such	 as	 age,	 sex,	 race,	
and	 family	 history,	 as	well	 as	modifiable	 factors	 such	
as	 hypertension,	 hyperlipidemia,	 diabetes,	 obesity,	
smoking,	poor	nutrition,	stress,	a	sedentary	lifestyle,	all	
of	which	 are	 also	 associated	with	 sleep	 disorders.7,8	 In	
addition,	studies	have	shown	reduced	sleep	duration	to	
seven	out	of	the	top	15	US	causes	of	death,	such	as	high	
blood	 pressure,	 diabetes,	 blood	 toxicity,	 cancer,	 heart	
disease,	and	stroke.7	Studies	show	that	inadequate	sleep	
length	and	poor	sleep	quality	are	linked	to	a	higher	risk	
of	CVD.	Sleep	has	been	related	to	cardiovascular	health.	
CVD	 stands	 as	 a	 prominent	 global	 cause	 of	mortality	
and	 impairment,	and	projections	anticipate	 the	number	
of	 cardiovascular-related	 deaths	 to	 surpass	 24	 million	

by	 2030,	 imposing	 a	 substantial	 burden	 of	 disease.9 
Therefore,	 addressing	 risk	 factors	 such	 as	 obstructive	
sleep	apnea	(OSA)	and	insomnia	is	crucial	in	managing	
and	preventing	morbidity	and	mortality	associated	with	
CVD.10

			In	addition	to	short	sleep,	defined	as	less	than	seven	
hours,	long	sleep,	or	more	than	nine	hours,	is	associated	
with	 a	 higher	 risk	 of	 CVD	 mortality,	 particularly	 in	
older	 adults	 and	 Asian	 populations.10	 For	 people	 with	
irregular	 sleep	 patterns,	 a	 one-hour	 reduction	 in	 sleep	
length	 per	 day	 is	 associated	with	 a	 3-11%	 increase	 in	
the	risk	of	stroke,	osteoporosis,	coronary	heart	disease,	
and	 type	2	diabetes	mellitus.	On	the	other	hand,	 those	
who	are	lengthy	sleepers	have	a	7-17%	increased	risk	of	
stroke	mortality,	coronary	heart	disease,	stroke,	and	type	
2	 diabetes	mellitus	 for	 every	 hour	 they	 sleep	 longer.11 

Studies	reveal	that	people	with	sleep	disorders	or	OSA	
are	significantly	more	susceptible	to	metabolic	disorders	
like	obesity,	type	2	diabetes	mellitus,	and	dyslipidemia,	
as	 well	 as	 CVDs	 and	 cerebrovascular	 conditions	 like	
arrhythmias,	 atherosclerosis,	 coronary	 heart	 disease,	
heart	failure,	hypertension,	and	stroke.3	This	article	aims	
to	review	the	link	between	sleep	quality	and	CVD	risk.

PATHOPHYSIOLOGY

Sleep	disorders	are	known	to	affect	the	development	
of	 CVDs	 by	 impacting	 various	 physiological	
pathways	 such	 as	 inflammatory,	 autonomic,	 and	
metabolism.	 These	 pathways	 collectively	 contribute	
to	 the	 development	 of	 high	 blood	 pressure,	 glucose	
intolerance,	 visceral	 adiposity,	 dyslipidemia,	 and	
endothelial	 dysfunction,	 which	 can	 ultimately	 lead	
to	 cardiovascular	 problems.12,13	 These	 physiological	
mechanisms	are	used	to	illustrate	links	between	sleep	
and	CVD.	

Blood pressure
			Chronic	insomnia	has	been	linked	to	increased	

plasma	 and	 urine	 noradrenaline,	 which	 leads	 to	
increased	sympathetic	activation.	Excess	sympathetic	
nervous	 system	 activity	 causes	 peripheral	
vasoconstriction,	 activating	 the	 renin-angiotensin-
aldosterone	 system.14	 Insomnia	 also	 causes	 stress	
dysregulation,	 which	 increases	 pulsatile	 cortisol	
release	 and	 causes	 hypothalamic-pituitary-adrenal	
(HPA)	 axis	 dysfunction.	 This	 dysregulation	 of	
the	 HPA	 axis	 raises	 ACTH	 (adrenocorticotropic	
hormone).15	 The	 activation	 of	 the	 renin-angiotensin-
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aldosterone	system	and	ACTH	release	both	increase	
the	release	of	the	aldosterone	hormone.14,15	This	raised	
aldosterone	hormone	acts	via	the	aldosterone	receptor,	
which	causes	sodium	retention	and	reabsorption,	high	
cardiac	 output,	 volume	 overload,	 vasoconstriction,	
arterial	 stiffness,	 and	 vascular	 remodeling.16	 All	
of	 these	 effects	 result	 in	 elevated	 blood	 pressure	
(Figure-1).	This	increased	blood	pressure	can	damage	
arteries	by	making	them	less	elastic,	which	decreases	
blood	and	oxygen	flow	to	the	heart	and	may	lead	to	
heart	diseases.17  

Inflammation
Inflammation	has	a	major	impact	on	the	initiation	

and	 progression	 of	 CVD.18	 The	 hypothalamus-
pituitary-adrenal	 (HPA)	 axis	 and	 the	 sympathetic	
nervous	system	are	also	 in	charge	of	preserving	 the	
inflammatory	 cells.19,20	 The	 sympathetic	 nervous	
system	 regulates	 pro-inflammatory	 cytokine	
production	 by	 releasing	 the	 neurotransmitter	
norepinephrine	 into	 peripheral	 tissues,	 primary	
and	 secondary	 lymphoid	 organs,	 and	 all	 other	
major	 organ	 systems,	 including	 the	 vasculature	 and	
perivascular	 tissues.	 Once	 released,	 norepinephrine	
modulates	 immune	 response	 gene	 transcription	 by	
stimulating	β-adrenergic	receptors.19	This	adrenergic	
signalling	 cascade	 also	 suppresses	 the	 transcription	
of	 antiviral	 type	 I	 interferon	 (IFN)	 genes	 and	 up-
regulates	 transcription	 of	 the	 pro-inflammatory	

immune	 response	 genes	 IL	 (interleukin)-1,	 tumour	
necrosis	factor	(TNF),	and	IL6,	leading	to	increases	
in	 systemic	 inflammatory	 activity.20	 The	HPA	 axis,	
via	 glucocorticoids,	 regulates	 gene	 expression	 in	
practically	 every	 body	 cell.	 Hormone-induced	
glucocorticoid	 receptor	 activation	 in	 leukocytes	
results	 in	 a	 significant	 downregulation	 of	 proviral	
gene	 programs	 (e.g.,	 transcription	 of	 type	 I	 IFN	
genes,	e.g.,	IFNA	and	IFNB,	mediated	by	interferon	
regulatory	factors	[IRF])	and	pro-inflammatory	gene	
networks	(e.g.,	NF-κB-mediated	transcription	of	pro-
inflammatory	cytokine	genes,	such	as	IL1B,	IL6,	and	
TNF).19	 This	 mechanism	 triggers	 pro-inflammatory	
cascades	 in	 sleep	 deprivation	 that	 promote	 pro-
inflammatory	 markers	 (such	 as	 TNFα,	 IL-1,	 IL-6,	
and	IL-17,	C-reactive	protein	[CRP],	cellular	adhesion	
molecules,	 and	 visfatin)	 and	 the	 development	 of	
atherosclerotic	plaques.21 

Metabolic dysregulation
Sleep	 deprivation	 has	 also	 been	 associated	 with	

hormonal	 changes	 that	 affect	 appetite,	 including	
increased	 hunger	 due	 to	 higher	 ghrelin	 levels	 and	
decreased	 satiety	 due	 to	 lower	 leptin	 levels.22	 The	
imbalance	of	 leptin	 and	ghrelin	 can	 impact	 glucose	
metabolism,	 cortisol	 levels,	 and	 growth	 hormone	
secretion.23	 Lack	 of	 sleep	 also	 raises	 cortisol	 levels	
because	 of	 dysregulation	 of	 the	 HPA	 axis	 and	
activation	of	the	sympathetic	nervous	system.	These	
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processes	raise	catecholamines	and	growth	hormone	
levels,	which	reduces	hepatic	and	peripheral	 insulin	
sensitivity	and	increases	lipolysis.24	The	activation	of	
lipolysis	 results	 in	 increased	 levels	of	non-esterified	
fatty	 acids	 and	 free	 fatty	 acids,	 further	 decreasing	
the	hepatic	insulin	sensitivity	and	peripheral	glucose	
uptake.24,25	 These	 high-free	 fatty	 acid	 and	 insulin	
resistance	increase	the	risk	of	diabetes	and	obesity.26 
Chronic	metabolic	dysfunction	in	the	form	of	insulin	
resistance	and	impaired	glucose	tolerance	is	a	leading	
risk	factor	for	CVD	morbidity	and	mortality.27

Cardiovascular Diseases
Sleep	 disturbance	 leads	 to	 high	 blood	 pressure,	

insulin	 resistance,	 and	 a	 pro-inflammatory	 state.	
Increased	visceral	adiposity,	blood	pressure,	glucose	
intolerance,	and	dyslipidemia	characterise	metabolic	
syndrome.	 Individually,	 these	 comorbidities	 induce	
endothelial	 dysfunction	 by	 increasing	 reactive	
oxygen	 species	 (ROS)	 and	 an	 imbalance	 between	
endothelium-derived	 relaxing	 (e.g.,	 nitric	 oxide,	
prostaglandin	[PG]-I2,	endothelium-derived	relaxing	
factor	 downregulation	 [EDRF])	 and	 contracting	
factors	(e.g.,	thromboxane	[Tx]-A2,	endothelin	[ET]-
1	upregulation).12

Endothelial	 dysfunction	 has	 several	 adverse	
impacts.	 Firstly,	 it	 could	 cause	 blood	 vessels	 to	
constrict,	which	would	raise	blood	pressure;	this	may	
lead	 to	 inflammation	within	 the	arterial	wall,	which	
may	contribute	to	the	development	of	atherosclerosis	
(Figure-2).	 Moreover,	 it	 can	 stimulate	 an	 increase	
in	 platelet	 production,	 promoting	 the	 formation	 of	
blood	clots.	Lastly,	it	can	compromise	the	integrity	of	

blood	vessel	walls,	making	them	leaky	and	exposing	
surrounding	 tissues	 to	 harmful	 lipoproteins	 and	
other	toxic	substances.	It	poses	a	multifaceted	risk	to	
cardiovascular	health,	leading	to	CVD.28

Arrhythmia
Poor	 sleep	 is	 an	 atrial	 fibrillation	 (AF)	 risk	

factor,	 directly	 affecting	AF	 pathogenesis	 and	 other	
established	risk	factors.29	Conditions	like	OSA,	central	
sleep	apnea	(SLA),	and	restless	legs	syndrome	(RLS)	
diminish	 sleep	 quality	 and	 harm	 the	 cardiovascular	
system.30	 Patients	 with	 OSA	 experience	 recurrent	
episodic	 airway	 obstruction	 resulting	 in	 negative	
intrathoracic	 pressure,	 hypoxemia,	 pulmonary	
hypertension,	 disturbances	 of	 autonomic	 tone,	 and	
sleep	 fragmentation.31	 These	 result	 in	 structural	
(increased	 left	 atrium	 [LA]	 volume,	 left	 ventricle	
[LV])	 diastolic	 dysfunction,	 increased	LV	afterload,	
increased	LA	wall	stress)	and	electrical	disturbances	
(increased	 P	 wave	 duration	 and	 dispersion,	
disturbance	in	automatic	tone,	pro-inflammatory	state	
may	 alter	 atrial	 electrical	 properties)	 that	 promote	
atrial	arrhythmogenesis.32

INTERVENTIONS FOR PATIENTS WITH 
SLEEP DISORDERS AND THEIR ROLE IN 
THE MANAGEMENT OF CARDIOVASCULAR 
DISEASES

Non-pharmacological interventions

Cognitive behavioural therapy for insomnia 
According	 to	 the	 American	 Academy	 of	 Sleep	
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Medicine	 (AASM),	 cognitive	 behavioural	 therapy	
for	 insomnia	 (CBT-I)	 is	 recommended	 if	 insomnia	
has	 been	 determined	 due	 to	 intrusive	 thoughts	 or	
excessive	worry,	where	a	professional	therapist	helps	
manage	 the	 intrusive	 thoughts	 and	 behaviours	 that	
might	be	interfering	with	the	sleep.33	CBT-I	comprises	
five	 components:	 sleep	 restriction,	 stimulus	 control,	
cognitive	restructuring,	sleep	hygiene,	and	relaxation	
training	 (RT).	 Sleep	 restriction	 techniques	 limit	 the	
amount	of	time	spent	in	bed	and	delay	the	sleep	until	
the	patient’s	sleep	drive	builds	up,	making	them	fall	
asleep	easily.	Stimulus	control	breaks	the	conditioning	
of	 using	 the	 bed	 for	 general	 activities	 like	 eating,	
drinking,	 and	 using	 a	 laptop	 and	 reserves	 the	 bed	
for	sleep	and	sex.	Cognitive	restructuring	targets	the	
intrusive	 thinking	 patterns	 which	 restrict	 a	 person	
from	falling	asleep.	Sleep	hygiene,	on	the	other	hand,	
includes	 a	 set	 of	 guidelines	 that	 promote	 a	 healthy	
lifestyle,	like	daily	exercise	and	avoiding	alcohol	and	
caffeine	in	the	evening.	Trauer	et	al.34,	in	their	meta-
analysis,	showed	that	CBT-I	is	an	effective	treatment	
for	people	with	chronic	insomnia.	The	application	of	
CBT-I	 resulted	 in	 notable	 increases	 in	 overall	 sleep	
duration	 and	 efficiency	 and	 significant	 decreases	 in	
sleep	latency.34

Relaxation training
Another	 non-pharmacological	 treatment	 option	

includes	 relaxation	 therapy,	 where	 progressive	
muscle	 relaxation	 starts	 at	 the	 feet	 and	 works	 one	
way	up.	 It	has	been	described	as	a	useful	 technique	
for	managing	insomnia.35	 In	a	pilot	study	by	Garcia	
et	al.36,	evaluating	the	effect	of	RT	on	insomnia	and	
quality	of	life	in	postmenopausal	women,	RT	showed	
significant	 differences	 between	 the	 intervention	 and	
control	 groups	with	 improvements	 in	 sleep	 quality,	
reduction	in	the	severity	of	insomnia	and	vasomotor	
symptoms.	RT	has	also	been	shown	effective	 in	 the	
recovery	of	 ischemic	heart	disease,	as	a	 therapy	 for	
secondary	prevention,	and	in	improving	psychological	
and	 physical	 health	 in	 older	 patients	 with	 heart	
failure.37

Red light therapy
Many	 recent	 studies	 have	 shown	 a	 significant	

association	 of	 red	 light	 therapy	 in	 improving	 sleep	
quality	 and	 cognition.38	 In	 a	 cohort	 study	 involving	
female	 basketball	 players,	 whole-body	 irradiation	
with	a	red	light	over	14	days	significantly	improved	
the	 quality	 of	 sleep,	 serum	 melatonin	 levels,	 and	

endurance	performance	of	the	athletes.	The	Pittsburgh	
Sleep	 Quality	 Index	 questionnaire	 measured	
sleep	 quality,	 and	 the	 post-intervention	 analysis	
demonstrated	a	greater	improvement	in	the	Pittsburgh	
Sleep	Quality	 Index	score	 in	 the	 intervention	group	
compared	to	the	controls	(p<0.001).39	Therefore,	red	
light	therapy	may	improve	outcomes	in	patients	with	
co-morbid	CVDs,	possibly	by	improvement	in	overall	
sleep	quality.40	Some	other	trials	have	also	shown	the	
role	of	red-light	therapy	in	mitigating	cardiovascular	
ageing	with	significant	results	in	its	favour.41

Recent pharmacological advancements

Dual orexin receptor antagonists
Orexin	A	and	B	are	neuropeptides	demonstrated	to	

induce	 sympathetic	 dysregulation	 and	 hypertension	
in	animal	and	human	studies.42	Dual	orexin	receptor	
antagonists	 represent	a	novel	class	of	drugs	utilised	
for	 insomnia	 treatment,	 exhibiting	 superior	 efficacy	
compared	 to	 placebo,	 as	 evidenced	 in	 a	 systematic	
review	conducted	by	Rocha	in	2023.43	Although	the	
effects	 of	 Dual	 orexin	 receptor	 antagonists	 on	 the	
cardiovascular	 system	 are	 yet	 unknown,	 in	 animal	
models,	their	capacity	to	inhibit	orexin	receptors	has	
demonstrated	promise	in	lowering	risk	factors	related	
to	cardiovascular	illnesses,	such	as	hypertension.44

Ashwagandha
Ashwagandha,	 also	known	as	 Indian	Ginseng,	 is	

a	 shrub	 shown	 to	 improve	 sleep	disorders	 in	 recent	
clinical	 trials.	 In	 a	 randomised	 controlled	 trial	
comprising	150	men	and	women	aged	18	to	65	with	
insomnia,	they	were	randomised	to	take	Ashwagandha	
root	 and	 leaf	 extracts	 and	 a	 placebo.	 The	 study	
concluded	 with	 improvements	 in	 sleep	 in	 both	
groups;	 however,	 improvements	 were	 significantly	
higher	in	the	Ashwagandha	group	(72%)	than	in	the	
control	group	(29%).45	Similarly,	many	other	studies	
have	 shown	 significant	 results	 for	 Ashwagandha	
in	 improving	 sleep	 efficiency,	 overall	 sleep	 time,	
and	 sleep	 latency	 through	 mechanisms	 involving	
increased	 expressions	 of	 gamma-aminobutyric	
acid	 A	 (GABAA),	 gamma-aminobutyric	 acid	 B1	
(GABAB1),	and	serotonin	receptors	in	the	brain.46,47 
Ashwagandha	has	also	been	reported	to	demonstrate	
beneficial	 effects	 on	 the	 cardiovascular	 system	 by	
enhancing	 overall	 cardio-respiratory	 endurance	
(CRE).	For	 instance,	a	 trial	by	Tiwari	et	 al.48	 found	
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that	 Ashwagandha	 significantly	 improved	 athletes’	
maximum	 aerobic	 capacity	 (a	 measure	 of	 CRE)	
(p=0.0074)	 over	 8	 weeks.	 The	 mouse	 models	 of	
myocardial	infarction	have	also	demonstrated	cardio-
protective	 properties	 of	 Ashwagandha	 through	
mechanisms	involving	upregulation	of	anti-apoptotic	
pathways	 and	 reduction	 of	 lipid	 peroxidation.49 
However,	 there	 is	no	data	on	actual	human	subjects	
being	 treated	 with	 Ashwagandha	 alone	 or	 as	 an	
adjunct	to	standard	therapy	for	CVD	like	myocardial	
infarction	 or	 heart	 failure.	 Although	 Ashwagandha	
has	 shown	 physiological	 enhancements	 in	 healthy	
subjects,	 its	 use	 in	 patients	 with	 cardiovascular	
comorbidities	 is	 questionable.	 In	 terms	 of	 safety,	
trials	have	demonstrated	that	Ashwagandha	has	been	
well	 tolerated	 over	 several	 weeks	 of	 consumption,	
however,	few	case	reports	of	hepatic	adverse	effects	
have	raised	concerns.	Other	studies	have	also	claimed	
Ashwagandha	 may	 affect	 thyroid	 functions,	 but	
no	 specific	 dose	 has	 been	 studied.	 There	 is	 also	 a	
possibility	of	interactions	with	other	drugs,	which	is	
scope	for	further	research.50

DISCUSSION

Sleep	 disturbances	 associated	 with	 poor	 sleep,	
including	 quantity,	 quality,	 and	 associated	 sleep	
disorders,	have	been	shown	to	negatively	impact	the	
risk	 factors	 for	 CVDs	 like	 diabetes,	 hypertension,	
obesity,	 and	 dyslipidemia,	 leading	 to	 increased	
cardiovascular	 morbidity	 and	 mortality.50	 In	 a	
systematic	review	conducted	by	Laksono	et	al.51,	short	
sleep	 was	 significantly	 and	 consistently	 associated	
with	an	increased	incidence	of	hypertension	and	a	high	
risk	of	developing	heart	failure.	In	contrast,	both	short	
and	long	sleep	have	been	shown	to	increase	the	risk	
of	AF	and	coronary	heart	disease,	where	short	sleep	
duration	was	defined	as	sleep	less	than	or	equal	to	4.9	
hours	to	less	than	7	hours,	while	long	sleep	duration	
was	defined	as	sleep	more	than	or	equal	to	7.5	hours	
to	more	 than	or	equal	 to	10	hours	 in	 the	 study.51	 In	
a	 large-scale	 cross-section	 study	 conducted	 by	 the	
National	 Health	 Interview	 Survey	 (NHIS),	 people	
with	both	 extremes	of	 sleep	duration	have	 shown	a	
higher	 prevalence	 of	 hypertension	 (<6	 hours/night,	
prevalence	of	32.4%;	≥10	hours/night,	prevalence	of	
32.5%)	compared	 to	 the	 referent	 category	 (8	hours/
night,	prevalence	of	23.2%).52	The	sleep	heart	health	
study,	another	cross-sectional	study,	suggests	similar	

findings.	According	to	the	findings,	people	who	sleep	
less	 than	 6	 hours	 or	 more	 than	 7	 hours	 a	 day	 had	
adjusted	 odds	 ratios	 for	 hypertension	 of	 1.66	 (95%	
confidence	 interval	 [CI]:	1.35-2.04)	 and	1.19	 (1.02-
1.39),	respectively;	those	who	sleep	between	8	and	9	
hours	a	night	and	those	who	sleep	for	9	hours	or	more	
had	adjusted	odds	ratios	of	1.19	(1.04-1.37)	and	1.30	
(1.04-1.62),	respectively	(p<0.0001	for	the	association	
between	sleep	duration	and	hypertension).53	Although	
cross-sectional	studies	have	proven	the	association	of	
both	short	and	long	duration	of	sleep	with	hypertension,	
observational	studies	have	only	been	able	to	prove	the	
temporal	association	of	short	sleep	but	not	long	sleep	
with	 hypertension.54	 Multiple	 studies	 have	 shown	
an	association	between	abnormal	sleep	duration	and	
the	prevalence	of	coronary	heart	disease.	The	NHIS	
discovered	 that	 the	multivariate	 odds	 ratio	 of	CVD	
was	2.20	 (with	a	95%	CI	of	1.78-2.71),	1.33	 (1.13-
1.57),	1.23	(1.06-1.41),	and	1.57	(1.31-1.89)	for	sleep	
durations	of	<5	h,	6	h,	8	h,	and	≥9	h	when	compared	
to	a	referent’s	7	h	of	sleep.55

Intima	 media	 thickness	 (IMT)	 indicates	 the	
thickness	of	 the	 inner	 layers	of	arteries,	 specifically	
the	 intima	 and	 media.	 It	 is	 utilised	 as	 a	 surrogate	
marker	 for	 atherosclerosis,	 as	 outlined	 in	 research	
conducted	by	Kastelein	in	2003.56	Moreover,	a	study	
by	Zhang	et	al.	in	201457	revealed	a	subtle	connection	
between	 carotid	 IMT	 (CIMT)	 and	 the	 likelihood	of	
developing	 coronary	 artery	 disease.	 In	 the	 Study	
of	 Health	 in	 Pomerania	 (SHIP),	 individuals	 who	
averaged	7-8	hours	of	sleep	showed	the	lowest	IMT	
values	(0.76±0.15	and	0.79±0.16	mm,	respectively).	
Conversely,	IMT	increased	with	both	shorter	and	longer	
sleep	durations.	For	instance,	subjects	sleeping	only	
5	hours	displayed	age-	 and	 sex-adjusted	differences	
of	0.042	mm	IMT	(95%	CI	0.008-0.076	compared	to	
those	 sleeping	 8	 hours).	 Similarly,	 individuals	with	
11-12	 hours	 of	 sleep	 showed	 increased	 IMT	values	
(adjusted	differences	vs	8	hours	of	sleep:	0.084	mm	
[0.040-0.128]	IMT).58

A	greater	incidence	of	AF	has	also	been	linked	to	
sleeplessness,	 as	 per	 a	meta-analysis	 of	 prospective	
cohort	studies.	It	is	found	to	increase	the	risk	of	AF	by	a	
standardised	rate	ratio	(SRR)	of	1.30	(95%	confidence	
interval	 of	 1.26	 to	 1.35),	 CVDs	 by	 1.45	 (1.29	 to	
1.64),	coronary	heart	disease	by	1.28	 (1.10	 to	1.50)	
and	myocardial	 infarction	by	1.42	 (1.17	 to	1.72).59	
According	 to	 another	meta-analysis	 by	Sofi	 et	 al.60,	
those	with	insomnia	were	more	likely	to	experience	
CVD-related	 complications	 or	 death	 (relative	 risk	
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[RR]1.45,	95%	CI:	1.29-1.62,	p<0.00001).
The	symptoms	of	OSA	include	 repeated	hypoxia	

caused	by	episodes	of	hypopnea	or	apnea	during	sleep.	
It	has	been	shown	to	cause	numerous	cardiovascular	
complications,	 including	 hypertension,	 AF	 and	
other	 arrhythmias,	 heart	 failure,	 coronary	 artery	
disease,	 stroke,	 pulmonary	 hypertension,	 metabolic	
syndrome,	 diabetes,	 and	 increased	 cardiovascular	
mortality.61 OSA	has	been	shown	to	increase	the	odds	
of	 hypertension	 by	 1.184	 (95%	 CI:	 1.093-1.274,	
p<0.05)	for	mild	OSA,	1.316	(95%	CI:	1.197-1.433,	
p<0.05)	for	moderate	OSA	and	1.561	(95%	CI:	1.287-
1.835,	p<0.05)	for	severe	OSA62,	the	severity	of	OSA	
being	 graded	 by	 the	 apnea-hypopnea	 index	 (AHI)	
(AHI	 5-15	 being	mild	OSA,	 15-30	 being	moderate	
OSA	and	more	than	30	being	severe	OSA).	Subjects	
with	OSA	compared	to	those	without	OSA	had	greater	
rates	of	AF,	non-sustained	ventricular	tachycardia,	and	
complex	ventricular	ectopy	(non-sustained	ventricular	
tachycardia	or	bigeminy,	trigeminy,	or	quadrigeminy):	
4.8	vs	0.9%	(p=0.003)	for	AF;	5.3	vs	1.2%	(p=0.004)	
for	non-sustained	ventricular	tachycardia;	and	25.0	vs	
14.5%	(p=0.002)	for	complex	ventricular	ectopy.63	A	
grouping	of	many	cardiovascular	risk	factors,	such	as	
diabetes,	hypertension,	dyslipidemia,	and	abdominal	
obesity,	 characterises	 metabolic	 syndrome.64 Sleep 
duration	 has	 been	 suggested	 to	 play	 a	 role	 in	 the	
development	 of	 metabolic	 syndrome.	 A	 systematic	
review	has	shown	that	both	short	and	long	sleep	was	
associated	with	metabolic	syndrome	(RR=1.15,	95%	
CI:	1.09-1.22,	p<0.001)	and	(RR=1.19,	95%	CI:	1.05-
1.35,	p<0.001).65

CONCLUSIONS

	 	 	Getting	 enough	 sleep	 is	 crucial	 for	 preserving	
both	 mental	 and	 physical	 health.	 Sleep	 disorders	
like	 insomnia	 and	 OSA	 can	 affect	 inflammatory,	
autonomic,	 and	 metabolic	 pathways,	 potentially	
impacting	 cardiovascular	 health.	 Research	 also	
suggests	 that	 abnormal	 sleep	 duration,	 both	 short	
and	 long,	 is	 associated	 with	 an	 increased	 risk	 of	
hypertension,	 diabetes,	 obesity,	 and	 dyslipidemia,	
leading	 to	 elevated	 cardiovascular	 morbidity	 and	
mortality.	 Non-pharmacological	 interventions	
like	 CBT-I,	 RT,	 and	 red-light	 therapy	 have	 shown	
promise	 in	 improving	 sleep	 quality	 and	 mitigating	
cardiovascular	 risk	 factors.	 Dual	 orexin	 receptor	
antagonists	 have	 been	 suggested	 to	 enhance	 sleep	

quality	and	reduce	cardiovascular	morbidity,	but	only	
animal	studies	are	supporting	this.	Ashwagandha	also	
promises	to	improve	sleep	quality	and	cardiovascular	
health,	but	further	research	is	needed.	By	addressing	
sleep	 disorders	 and	 promoting	 healthy	 sleep	 habits,	
the	 burden	 of	 CVDs	 can	 be	 significantly	 reduced	
worldwide.
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A B S T R A C T

Background Febrile neutropenic patients are at high risk for developing invasive fungal infection (IFI). 
Currently, two treatment strategies, empiric and preemptive, are used in febrile neutropenic patients with 
IFI. This study aimed to evaluate empirical and preemptive treatment strategies in patients with high-risk 
hematologic malignancies.
Methods We retrospectively analyzed 402 febrile neutropenic attacks in 281 patients with hematological 
malignancies hospitalized in a university hospital hematology clinic. Between June 2006 and January 2009, 
154 febrile neutropenic episodes of 104 patients who met the study eligibility criteria were included. Patients 
who received antibiotic and antifungal treatment for febrile neutropenia were retrospectively recorded. Patients 
treated with empiric and preemptive approaches were identified and compared with statistical methods.
Results Antifungal treatment was initiated as empiric treatment in 62 (40%), preemptive therapy in 55 (36%) 
(subgroups; 45 [29%] possible-IFI and 10 [7%] probable-IFI), and 37 (24%) for secondary prophylaxis. In 
terms of length of hospitalization and all-cause mortality, no statistically significant results were found when 
patients receiving empiric and preemptive treatment were compared. (p>0.05).
Conclusion In patients with high-risk hematologic malignancies, even if empiric treatment is initiated, 
a dynamic approach that can be summarized as persistently trying to obtain evidence by using ancillary 
diagnostic tools and early termination of therapy in unnecessary cases seems appropriate.
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INTRODUCTION

In recent decades, the frequency of invasive fungal 
infection (IFI) has increased in patients with hematologic 
malignancy.1 While empirical treatment approaches 
based on fever were at the forefront in the past, in recent 
years, the high cost of empirical treatment, the side effect 
profile of amphotericin B, which increases morbidity and 
cost, and the development of computed tomography and 
serologic methods for detecting fungal cell wall antigens 
in body fluids have led to the discussion of preemptive 
treatment approaches to start antifungal treatment with 
more evidence. Patients with high-risk hematologic 
malignancies with fever refractory to broad-spectrum 
antibacterial therapy and new infiltration with unexplained 
causes on radiologic imaging are candidates for fungal 
infections. One of the most critical problems faced by 
clinicians is the decision to initiate antifungal drugs in a 
neutropenic patient with prolonged fever, which is costly 
and may have high side effects. The high risk of invasive 
pulmonary aspergillosis (IPA), especially in patients with 
hematologic malignancies or those undergoing stem cell 
transplantation, emphasizes the importance of decision-
making in this situation. However, delay in diagnosis is 
the most important problem in invasive aspergillosis.2 

Aspergillosis rarely grows in blood cultures; its growth 
is generally considered contamination. The sensitivity 
of cultures obtained from respiratory tract secretions is 
low. Growth occurs in only 8-34% of sputum samples 
and 45-62% of bronchoalveolar lavage (BAL) samples 
of patients with invasive aspergillosis. Histopathology 
is required for diagnosis but marked pancytopenia, 
respiratory distress, and bleeding risk are inhibiting 
factors for diagnosis.3 Empirical antifungal treatment is 
a common approach. Only 20-25% of those receiving 
empirical antifungal treatment in the USA and Europe 
are IFIs. Another known fact is that while the frequency 
of aspergillosis is around 2-10% with empirical treatment, 
this rate approaches 30% in patients without empirical 
treatment and with prolonged neutropenia.4,5 To move 
away from the empirical approach, providing evidence 
of fungal infection through tissue diagnosis or culture 
results is essential. 

MATERIAL AND METHODS

Patient selection and study design
We retrospectively analyzed 402 febrile neutropenic 
episodes of 281 patients with hematologic 
malignancies who received inpatient treatment during 

the 2.5-year period between June 2006 and January 
2009 in the department of hematology, Uludağ 
University Faculty of Medicine. Among these, 154 
FEN of 104 patients who received antifungal drugs 
were analyzed.
Patients aged 18 years or older, patients who received 
chemotherapy for hematologic malignancy and had 
a febrile neutropenic episodes, patients diagnosed 
with IFI (possible, probable, proven) according to 
the guidelines and/or patients who received systemic 
(oral or parenteral) antifungal therapy for treatment 
were included in the study. Only patients with a 
diagnosis of mucosal (oropharyngeal, vaginal) 
candidiasis and patients younger than 18 years of age 
were excluded. Patient files were reviewed and age, 
sex, comorbidity, underlying hematologic malignant 
disease, duration of hospitalization, number and 
duration of febrile neutropenic episodes, antifungal 
treatment strategies, reasons for use, side effects, 
reasons for change, duration and doses of antifungal 
drugs used, Blood, catheter, BAL, sputum cultures, 
blood and BAL galactomannan (GM) antigen, 
infections that developed under treatment, radiology 
and laboratory findings, data about the operation if an 
operation was performed, and data about the patient 
and disease status at the end of the febrile neutropenic 
episode were recorded.

The use of computerized tomography and 
bronchoalveolar lavage in FEN episodes
Computed tomography (CT) was performed if fever did 
not respond to broad-spectrum antibacterial treatment 
within 96 hours and signs of lower respiratory tract 
infection or new infiltrates were detected on chest 
radiography. Bronchoscopy and BAL were performed 
in patients with CT findings compatible with IFI 
(nodules, halo sign, air-crescent sign, cavitation); 
BAL fluid was examined microbiologically and 
serologically. Serum samples were collected twice a 
week, and GM antigen testing was performed; BAL 
GM antigen testing was also performed.

Invasive fungal infection criteria and antifungal 
treatment strategies
Invasive fungal infection was defined according to 
EORTC/MSG criteria6, and patients were classified as 
possible, probable and proven. Antifungal treatment 
strategies were empiric and preemptive; initial 
treatment was usually amphotericin B deoxycholate, 
and other antifungals were switched to in case of 
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severe side effects, intolerance or non-response.

Statistical analysis
Statistical analysis of the obtained data was performed 
with the SPSS 13.0 computer program. In the study, 
temporal variables were presented as minimum, 
maximum and median values and categorical variables 
were presented as frequency (%) when necessary. 
Pearson chi-square test was used to compare the 
empiric and preemptive groups. In the study, p<0.05 
was considered statistically significant.

RESULTS

Of the 104 patients who met the inclusion criteria, 
65 (63%) were male and 39 (37%) were female. Of 
the patients, 60 (57.6%) were acute myeloid leukemia 
(AML), 21 (20.1%) acute lymphoid leukemia (ALL), 
7 (6.73%) non-Hodgkin’s lymphoma (NHL), and 2 
(1.92%) Hodgkin’s lymphoma, 2 were biphenotypic 
leukemia, 2 (1.94%) myelodysplastic syndrome, 
3 (2.88%) multiple myeloma (MM), 4 (3.84%) 
aplastic anemia and 3 (2.88%) chronic lymphocytic 
leukemia. Regarding primary hematologic disease, 
52 episodes of febrile neutropenia (34%) were newly 
diagnosed. Forty-three (28%) of the episodes were 
in complete response to treatment, 41 (27%) were 
recurrent disease, 10 (6%) were resistant disease, and 
8 (5%) were in other groups. Twenty-seven (26%) of 
the patients had a concomitant chronic disease. The 
hospitalization duration range was 8-151 (median: 
37.5) days. All patients had neutropenic fever. The 
total duration of antifungal use was 2-77 (median: 
18) days. The number of patients who died at the 
end of all episodes was 40. Patient and episode 
characteristics are summarized in Table 1. When the 
group of patients receiving treatment for secondary 
prophylaxis was excluded from all episodes of 
febrile neutropenia, 62 (53%) of the remaining 117 

episodes of febrile neutropenia were empiric, and 
55 (47%) were preemptive antifungal treatment. 
The distribution of antifungal treatment according to 
febrile neutropenia episodes is shown in Table 2. In 
the empirical treatment group, CT findings included 
ground-glass opacities in 28 (56%), nodular infiltrates 
in 9 (18%), consolidation in 11 (22%), a mass 
appearance in 1 (2%), and six attacks. Pleural fluid 
appearance was detected in 6 (12%) patients, while 
the findings were normal in 8 (16%). Characteristic 
findings for IPA included a halo sign in 14 (28%) and 
cavitation and air-crescent sign in 2 (4%) attacks.

In the preemptive treatment group, CT findings 
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consisted of ground-glass opacities in 43 (78%) 
attacks, nodular infiltrates in 23 (42%), consolidation 
in 25 (45%), and pleural fluid appearance in 4 (7%) 
attacks. Specific findings for IPA included a halo sign 
detected in 21 (38%) and cavitation and air-crescent 
sign in 9 (16%) attacks.

In the group receiving secondary prophylaxis, CT 
findings showed ground-glass opacities in 11 (52%) 
attacks, nodular infiltrates in 2 (9%), consolidation 
in 5 (24%), and pleural fluid appearance in 2 (9%) 
attacks. Normal findings were observed in 3 attacks 
(14%). Specific findings for IPA included a halo sign 
in 3 (14%) attacks, along with cavitation and air-
crescent sign in 2 (9%).

Considering all febrile neutropenic episode attacks, 
CT findings revealed ground-glass opacities in 82 
(65%), nodular infiltrates in 34 (27%), consolidation 
in 41 (33%), and pleural fluid in 12 (9%) attacks. 
Normal findings were noted in 11 (8%) patients. The 

specific findings for IPA included a halo sign in 38 
attacks (30%) and an air-crescent sign and cavity in 
13 attacks (11%). The CT findings related to patient 
attacks are summarized in Table 3. 

Table 4 presented the characteristics of patients 
with hematologic malignancies who underwent BAL. 
Among the 38 patients, the most common diagnosis 
was AML (68.4%), followed by ALL (23.6%), with 
fewer cases of NHL (2.6%), MM (2.6%), and aplastic 
anaemia (2.6%). All patients had neutropenia and fever 
during hospitalization, with a median hospitalization 
duration of 39 days (range: 22–101). BAL GM 
antigen was positive in 47% of patients, while serum 
GM positivity was observed in 26%. Non-specific 
chest CT findings were the most common (63.1%), 
with the halo sign (23.6%) and air-crescent sign or 
cavity (13.1%) detected in fewer cases.

A total of 62 febrile neutropenia episodes of 
patients who received antifungal treatment with an 
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empirical approach were re-evaluated after the end 
of the febrile neutropenia episode in line with the 
preemptive approach. Radiologic and laboratory 
findings suggestive of fungal infection were identified 
in 10 (16%) of these episodes, and fungal growth 
was detected in 5 (8%) (Figure 1). Our analysis of 
55 febrile neutropenia episodes in the preemptive 
group found that 26 (47%) febrile neutropenia 
episodes had findings suggestive of fungal infection 
with radiologic and laboratory diagnostic methods. 
Of these episodes, fungal infection was proven in 11 

(20%) (Figure 2). The two antifungal treatment groups 
were similar in terms of the compared characteristics. 
Since mortality due to IFI was not evaluated in 
our study, all-cause mortality was calculated by 
comparing empiric-preemptive antifungal treatment 
strategies. Regarding all-cause mortality, there was 
no statistically significant difference between the 
episodes of patients treated with empirical antifungal 
therapy and those treated with preemptive therapy 
(p>0.05). Comparative characteristics of these two 
treatment groups were presented in Table 5.
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DISCUSSION

Infections in neutropenic patients are an important 
cause of morbidity and mortality. In this patient group, 
signs of inflammation are faint due to neutropenia. 
Therefore, it is often not possible to identify the focus 
of infection. However, the initiation of antimicrobial 
therapy is urgent as the patient’s condition may 
deteriorate rapidly, and the patient could die within 
hours. In this case, the only criterion for starting 
antimicrobials in neutropenic patients is the patient’s 
fever. In national and international guidelines 
published on febrile neutropenia, the finding that 
directs treatment is high fever.7,8 Accordingly, 
broad-spectrum antibiotics are started empirically in 
neutropenic patients with fever. If the patient’s fever 
persists on the 3rd to 5th day of treatment, it is not easy 
to understand whether the reason for the patient’s fever 
not decreasing is due to a bacterial or fungal cause. 
Diagnosis of fungal infections in neutropenic patients 
is difficult. The time spent to make the diagnosis may 
negatively affect the prognosis. The faster fungal 
infections developing in neutropenic patients are 
treated, the better the outcome.9 Based on these data, 
guidelines recommend initiating antifungal treatment 
in case of persistent fever on the 3rd to 5th day of 

antimicrobial treatment.7,8 This approach, which 
accepts the patient’s fever as the main criterion, is 
called empirical treatment. Approximately two-thirds 
of febrile neutropenic patients receive antifungal 
treatment with this approach.10 The aim is to ensure 
that patients likely to have IFI are treated early in 
the disease. Early initiation of treatment is thought 
to change the survival rate favorably.10 Empirical 
antifungal treatment can be administered to up to 40-
50% of the high-risk neutropenic patient population, 
although the actual incidence of IFI is believed to be 
between 10-15%. 12

Antifungal treatment was given in 154 (38%) 
of the 402 febrile neutropenic episodes analyzed in 
our study. When the episodes in which antifungal 
treatment was given for secondary prophylaxis were 
excluded from these episodes, this rate decreased 
to 29%. The episodes in which empirical antifungal 
treatment was given only for fever constituted 12% 
of all febrile neutropenic episodes and 40% of all 
antifungal treatments. In the empiric treatment group, 
at least one evidence of IFI was obtained in 49% 
of episodes using diagnostic methods such as CT, 
BAL, GM measurement, and culture. In contrast, no 
evidence was obtained in 51%. In summary, in the 
empiric treatment group, no concrete evidence in favor 
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of IFI could be obtained in approximately half of the 
patients. Studies have shown that empirical therapy 
remains the standard of care in many institutions, with 
a significant percentage of chemotherapy courses 
employing this strategy.13,14   

Recent advances in non-culture diagnostic methods 
and a better understanding of risk factors will narrow 
the patient population that may benefit from antifungal 
treatment. In this way, the concept of early treatment 
will not be compromised, and drug interactions, drug 
toxicity, and cost increases due to unnecessary drug 
administration will be reduced. Cost-effectiveness 
analyses have highlighted the economic implications 
of both strategies. Empirical treatment is less 
expensive than preemptive therapy, with one study 
reporting costs of $147,482 for empirical treatment 
compared to $147,910 for preemptive treatment.15 
This cost difference is significant, particularly in 
healthcare systems where resource allocation is 
crucial. Additionally, rapid diagnostic tests can 
further improve the cost-effectiveness of preemptive 
strategies by reducing unnecessary antifungal 
exposure and associated side effects.16

The time between the onset of IFI and clinical 
signs and symptoms may provide an opportunity to 
identify these patients through screening and achieve 
a better response with early treatment. Fever is not 
the only criterion in such a preemptive approach.17 
Currently, non-culture microbiologic methods 
that can be used in daily practice are serum GM 
measurement, serum beta-D-glucan measurement, 
and fungal DNA determination by polymerase 
chain reaction. These methods have deficiencies or 
superiorities compared to each other.18 The use of 
biomarkers such as GM has been explored to guide 
preemptive therapy, allowing antifungal treatment 
to be initiated only when specific thresholds are 
met.19,20 In preemptive treatment, diagnostic accuracy 
is improved when combining the diagnostic tools of 
CT and GM results. Our findings suggest a notable 
relationship between chest CT findings and BAL 
GM results. Among patients with positive BAL GM 
results, 23.6% exhibited specific chest CT findings 
such as the halo sign, and 13.1% demonstrated the 
air-crescent sign or cavitation. These characteristic 
CT findings for IPA were more commonly observed 
in the preemptive treatment group, aligning with the 
higher rates of BAL GM positivity. In contrast, serum 
GM positivity was observed in a smaller proportion 
of patients (26%), suggesting that serum GM may 

have lower diagnostic sensitivity than BAL GM. This 
discrepancy highlights the potential value of BAL 
GM in correlating with specific radiological findings, 
such as the halo and air-crescent signs. At the same 
time, serum GM appears less consistently associated 
with these features. These results underscore the 
importance of integrating BAL GM results with chest 
CT findings to improve diagnostic accuracy in febrile 
neutropenic episodes of patients with hematologic 
malignancies.

However, some points should be noted in the 
evaluation of laboratory results. False-positive results 
in GM testing, a critical diagnostic tool for invasive 
aspergillosis, can significantly complicate clinical 
decision-making. Various factors contribute to these 
false positives, particularly the influence of certain 
antibiotics, nutritional supplements, and underlying 
health conditions. One of the primary causes of false-
positive GM tests is the administration of beta-lactam 
antibiotics, such as piperacillin-tazobactam and 
amoxicillin-clavulanate. These antibiotics can lead 
to cross-reactivity due to their structural similarities 
with GM, a polysaccharide found in the cell walls of 
certain fungi, including Aspergillus species.21 Studies 
have shown that patients receiving these antibiotics 
often exhibit elevated GM levels, which can mislead 
clinicians into suspecting invasive aspergillosis when 
it is not present.22

In our study, the rate of febrile neutropenia episodes 
with high positive predictive value and very high 
probability of IFI was 16% in the empiric group and 
47% in the preemptive group. In the empiric group, 
the rate of febrile neutropenia episodes with high 
negative predictive value and very low probability of 
IFI was 13%. In contrast, there was no such episode 
in the preemptive group. Since the factors that make 
non-culture microbiologic methods false negative 
or false positive are not fully known and since the 
number of patients with tissue diagnosis is very low 
and postmortem biopsy cannot be performed, it is 
difficult to comment on episodes with suspicious 
probability of IFI. Although the percentage of all-
cause mortality was higher in the preemptive group 
than in the empiric group, there was no statistically 
significant difference between them.

Preemptive therapy can lead to lower overall 
antifungal exposure and reduced healthcare costs 
without increasing mortality rates compared to 
empirical therapy.23,24 The efficacy of preemptive 
therapy is contingent upon the accuracy of diagnostic 
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tests and the timely identification of at-risk patients. 
Limitations in the sensitivity of tests such as the 
GM assay can delay treatment initiation, potentially 
allowing IFIs to progress.19,20 The reliance on imaging 
studies, such as CT scans, introduces additional 
complexity, as these tests may not always provide 
definitive results.19 Despite these challenges, some 
studies have reported that preemptive therapy can be 
as effective as empirical therapy in preventing IFIs, 
particularly in high-risk populations.24,25

A systematic review highlighted that patients 
receiving preemptive therapy had significantly lower 
antifungal exposure and clinical expenses without an 
increase in mortality rates.23 Therefore, the answer to 
whether empirical or preemptive treatment is superior 
cannot be given with certainty.26

In our study, in 55 (36%) of the episodes in which 
antifungal drugs were used, antifungal treatment was 
initiated based on at least one CT, GM, and culture 
results. There were 40 episodes (26%) in which the 
initial treatment was empiric or secondary prophylaxis, 
and later evidence in favor of fungal infection was 
obtained by culture and non-culture diagnostic 
methods. Regardless of the initial treatment, 62% of 
all antifungal treatment episodes had varying degrees 
of evidence of fungal infection.

In a meta-analysis of 6 randomized controlled trials 
comparing patients with hematologic malignancies 
who received empirical antifungal therapy with those 
who did not, it was reported that empirical treatment 
did not significantly reduce mortality but significantly 
reduced the development of IFI.27 In Europe and the 
USA, 20-25% of those receiving empirical antifungal 
treatment have IFI.28

The retrospective nature of our data, the fact that 
the data included patients for whom decisions were 
made on a case-by-case basis (not randomized, hence 
the high probability of unequal risk profiles). The fact 
that deaths directly related to fungal infection were 
not fully distinguished among the causes of death 
in the mortality rate calculation makes it difficult to 
finalize the conclusions reached in our study.

CONCLUSIONS

In conclusion, for an empirical and preemptive 
treatment approach in febrile neutropenic patients 
with hematologic malignancies who have fever 
resistant to antibacterial therapy, it may be an 

appropriate option for each center to evaluate the risk 
profile and frequency of IFIs of their patients and 
decide which treatment strategy is suitable for their 
patients. A ‘ dynamic ‘ approach seems appropriate 
even if empirical treatment is initiated in high-risk 
patients. It can be summarized as urgent and persistent 
efforts to obtain evidence using auxiliary diagnostic 
tools and early termination of therapy in unnecessary 
cases. On the other hand, well-designed randomized 
prospective studies are needed to arrive at a definitive 
judgment on empirical and preemptive approaches.
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A B S T R A C T

Background Anaemia is defined by the World Health Organization (WHO) as a hemoglobin value below 13 g/
dL in men and 12 g/dL in women. It is a serious public health problem that can significantly affect the quality 
of life.
Methods Our study, whose universe consists of family physicians who actively work in family health centers 
in Rize province, was conducted in 2021. After being informed about our study, 81 family physicians who 
agreed to participate voluntarily were included. 
Results Our research is a cross-sectional descriptive type of research. A 20-question survey prepared by 
scanning the literature was presented as a data collection tool. While 73 (90.1%) participants are general 
practitioners, 8 (8.9%) are family medicine specialists. The rate of physicians correctly knowing the ferritin 
value to diagnose iron deficiency anemia in a patient without acute infection was 70.4% (n: 57). After the 
diagnosis of iron deficiency anemia, physicians recommended gastrointestinal system screening in 39.5% 
(n: 32) of all men and 87.7% (n: 71) of postmenopausal women. The rate of recommending treatment for 3-6 
months after the hemoglobin level returned to normal was 93.8% (n: 76). 
Conclusion Based on the data we obtained, it was seen that family physicians’ knowledge level about iron 
deficiency anemia management was insufficient, and there were deficiencies in the diagnosis and treatment 
processes. For this reason, interactive, applied training programs should be organized.
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INTRODUCTION

Iron deficiency anaemia (IDA) is the most common 
form worldwide. The World Health Organization (WHO) 
defines anaemia as haemoglobin (Hb) levels below 13 g/
dL in men and below 12 g/dL in women.1 In pregnant 
women, anaemia is defined as Hb levels of 11 g/dL or 
lower. According to WHO data, the prevalence of anaemia 
among adults is 24.8% globally. IDA is a significant public 
health problem that can substantially impact the quality 
of life due to its clinical manifestations. The symptoms 
in patients with IDA are influenced by factors such as 
age, severity of anaemia, comorbidities and the duration 
of anaemia. As a result of tissue hypoxia, symptoms 
such as weakness, fatigue, dizziness, headache, and 
palpitations may occur.2 Regardless of the presence or 
absence of symptoms, iron deficiency should be treated 
with or without anaemia because failure to replenish iron 
stores may worsen anaemia and lead to organ ischaemia.3 

Family physicians have observed significant differences 
in diagnostic and treatment approaches for anaemia 
management, highlighting the need for evidence-based 
local or national guidelines.4,5 Therefore, we aimed 
to evaluate the management of anaemia by family 
physicians in light of existing guidelines.

MATERIAL AND METHODS

Our study was conducted between December 2020 and 
April 2021. Our research population consists of 101 
family physicians, including general practitioners and 
family physician specialists, who are actively working 
in family health centres in Rize province. Before the 
study, family physicians were contacted via telephone, 
e-mail, and other mobile communication programmes 
and were given detailed information about the study. 
A total of 81 physicians volunteered to participate in 
the study. Physicians who could not be reached or did 
not want to participate were excluded from the study. 
Face-to-face interviews with participating physicians 
were avoided due to the COVID-19 pandemic. Our 
research is a cross-sectional descriptive study. A 
20-question survey including sociodemographic 
characteristics was used as a data collection tool. The 
survey questions included age, gender, title, years of 
work experience, education level, the definition of 
anaemia, symptoms, and the patient groups for whom 
they recommend gastrointestinal system screening. 
Three case studies were presented, and participants 
were asked to respond to related questions. 

Statistical analysis
Pearson’s Chi-Square and Fisher’s Exact test were 
used to evaluate categorical variables. A statistical 
significance level of p<0.05 was considered.

RESULTS

Of the family physicians who participated in the 
study, 73 were general practitioners, and 8 were 
family medicine specialists. The findings of these two 
groups could not be compared because the difference 
in numbers between these two groups was too large 
to find significant results in statistical tests. Of the 
participants in the study, 17 were female and 64 were 
male. When the age distribution of the participants 
was analysed, 22 physicians were in the 25-35 age 
group, 38 physicians were in the 36-45 age group, 
and 21 physicians were in the 45+ age group. It was 
observed that 91.4% of the physicians diagnosed and 
treated patients based on the knowledge they gained in 
medical school or during their specialization training. 
The percentage of physicians who reported attending 
a seminar or training session on iron deficiency after 
graduation or specialization was 58%. Additionally, 
71.6% of physicians stated that they had read a 
guideline on treating iron deficiency, while 87.6% 
expressed a desire to receive further training on this 
topic (Figure 1).

In patients without an acute infection, 70.4% 
of physicians correctly identified the ferritin level 
required to diagnose IDA. When asked about the 
symptoms they investigate in patients suspected of 
having IDA, the most frequently questioned symptom 
was menorrhagia, reported by 90.1% of physicians. 
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Other symptoms, ranked from most to least often 
investigated, included melena (87.7%), pica and hair 
loss (84%), weight loss and hematochezia (72.8%), 
abdominal pain and reflux symptoms (55.6%), a 
history of parasitic infections (54.3%), dyspnea 
(40.7%), restless leg syndrome symptoms (35.8%), 
and chest pain (27.2%) (Table 1).

After diagnosing IDA, gastrointestinal system 
screening was recommended by 39.5% of physicians 
for all male patients, while 87.7% recommended it for 
postmenopausal women. In the case-based questions, 
+2 valence iron preparations were recommended for 
asymptomatic IDA patients at rates of 66.7% and 
24.7%, respectively. 31.8% of physicians considered 
high platelet levels in patients with IDA to be 
secondary to anaemia. In the case of asymptomatic 
IDA, 24.7% (n: 20) recommended +2-valent oral 
iron preparation treatment, 3.7% (n: 3) recommended 
+3-valent oral iron preparation treatment, 38.3% 
(n: 31) recommended parenteral iron treatment and 
33.3% (n: 27) recommended erythrocyte suspension 
(Figure 2).

It was recommended by 93.8% of participants that 
iron therapy should continue for 3–6 months after Hb 
levels return to normal. In cases where Hb levels did 
not improve with oral iron therapy, participants most 
frequently considered bleeding (81.5%), celiac disease 
(59.3%), Helicobacter pylori (40.7%), or all of these 
factors combined (44.4%). For elderly patients with 
coronary artery disease and symptomatic anaemia, 
53.1% of physicians recommended oral iron therapy 
following erythrocyte suspension transfusion.

DISCUSSION

As a result of the literature review, we concluded 
that our study is the first in our country to evaluate 
family physicians’ diagnosis and treatment approaches 
regarding IDA. In other countries, there are studies on 
physicians’ knowledge, attitudes, and perceptions of 
iron deficiency. Examples of these include a cross-
sectional study among physicians on transfusion 
practice in patients with anaemia without bleeding 
by von Babo et al., a cross-sectional study by Al 
Sulayyim et al. on the management of diagnostic and 
treatment modalities by physicians in paediatric IDA 
patients, and a study by Desai et al. on anaemia in the 
elderly conducted on lecturers and resident physicians 
in the departments of family medicine and internal 
medicine at Rhode Island Memorial Hospital.2,4,5

   The topic of education on iron deficiency after 
graduation or specialization was evaluated. More than 
half of the physicians had attended such a training 
session. As the years of professional experience of 
physicians increased, their desire for training also 
grew, and this difference was statistically significant 
(p=0.031). Additionally, it was found that most 
family physicians were willing to participate if a new 
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educational opportunity was offered.
When analyzing responses to questions regarding 

the symptoms physicians investigate in patients 
suspected of having IDA, menorrhagia was found 
to be the most frequently queried symptom, at a 
rate of 90.1%. The responses showed significant 
variability. Symptoms of IDA vary depending on the 
severity and progression of anaemia, its aetiology 
and any accompanying conditions.6 Symptoms and 
findings related to the underlying aetiology may also 
be present; a patient presenting with hematochezia 
or weight loss could potentially have colon cancer.7 
A comprehensive inquiry into patients’ symptoms 
suspected of IDA may be more beneficial, enabling 
accurate diagnosis and effective treatment. A thorough 
evaluation of symptoms of IDA may be helpful, and 
an effective treatment can be provided to patients with 
the correct diagnosis.

Gastrointestinal system screening is one of 
the investigations required when exploring the 
aetiology of IDA. According to the 2019 Turkish 
Hematology Association Guidelines for the 
Diagnosis and Treatment of Iron Deficiency in 
Adults, gastrointestinal system screening should be 
performed in all male and postmenopausal women 
unless there is an apparent non-gastrointestinal 
system source of bleeding.8 Similarly, the American 
Gastroenterological Association and several other 
guidelines recommend gastrointestinal system 
screening for all male patients and postmenopausal 
women.9,10 In our study, participants demonstrated 
an appropriate approach to gastrointestinal system 
screening in 39.5% of male cases and 87.7% of 
female cases. While the management of female 
patients was satisfactory, the same cannot be said for 
the management of male patients. Family physicians 
would benefit from educational programs to enhance 
their knowledge and skills.

In an asymptomatic iron deficiency case with 
a reported platelet count of 800,000/μL (reference 
range: 140-450×10³/μL), participants were asked 
about their approach to management. IDA is a 
common cause of secondary thrombocytosis.11,12 

Fewer than half of the participants adopted the correct 
approach by attributing the condition to secondary 
thrombocytosis caused by iron deficiency. When 
monitoring is sufficient, recommending participant 
referrals will likely incur additional costs to patients 
and the healthcare system.

Participants were presented with three different 

cases and asked to provide their responses. The 
results showed that Fe+2 preparations were preferred 
at varying rates. While we consider Fe+2 therapy an 
appropriate approach, it is insufficient and requires 
improvement. Iron replacement therapy is essential to 
improve quality of life and reduce the risk of anaemia-
related complications. Oral iron supplementation is 
typically the first-line treatment; however, this method 
often proves challenging to tolerate due to side effects 
such as nausea, abdominal pain, and constipation.13 
Additionally, some physicians recommended 
parenteral iron and erythrocyte suspension as 
treatment options. Considering that these treatments 
were not indicated in our cases, such recommendations 
are quite concerning. The off-label use of parenteral 
iron and erythrocyte suspension treatments poses 
significant risks, including patient complications, 
increased costs, and added burdens on the healthcare 
system.14,15 In another case, a symptomatic IDA 
patient aged 70 with coronary artery disease and a 
Hb level of 7.5 g/dL was recommended erythrocyte 
suspension in 87.7% (n: 71) of responses, and 
erythrocyte suspension followed by oral iron therapy 
in 53.1% (n: 43) of responses. In symptomatic IDA 
cases, blood transfusion provides an acute correction 
of anaemia, but this remains a temporary solution 
without subsequent iron therapy. Blood transfusion is 
one of the primary treatment options for patients with 
anaemia.16

When the results were analyzed, it was concluded 
that improvements should be made in health policies. 
Enhancing education and awareness in primary 
healthcare services, disseminating diagnostic and 
treatment guidelines, increasing awareness about 
symptom assessment, promoting the broader and 
more effective use of laboratory tests, creating 
informational materials and screening programs for 
the diagnosis and treatment of IDA, and adopting a 
proactive approach in health services are expected to 
contribute positively to public health.

This study has certain limitations. The sample size 
was limited because not all physicians in the province 
participated, which may affect the generalizability of 
the findings. The study was confined to the province 
of Rize and may not reflect physicians’ knowledge, 
attitudes, and practices in other regions. Due to the 
COVID-19 pandemic, face-to-face interviews were 
avoided, and alternative methods were used. This 
may have increased the risk of misinterpretation or 
misunderstanding of the questions and potentially 
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affected the accuracy of the survey responses. 
The predominance of general practitioners among 
physicians serving as family doctors may have 
contributed to the inability to achieve the targeted 
outcomes.

CONCLUSIONS

Based on the data we obtained, it was seen that 
family physicians’ knowledge level about IDA 
management was insufficient, and there were 
deficiencies in the diagnosis and treatment processes. 
For this reason, interactive, applied training programs 
should be organized. In addition, local and national 
guidelines should be created and used practically in 
IDA diagnosis and treatment management. Programs 
and models that will increase the communication 
of family physicians with internal medicine clinics 
should be planned. There is a need to create national 
guidelines and programs based on the data obtained 
by conducting further studies covering larger regions.
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A B S T R A C T

Immune thrombocytopenic purpura (ITP) is characterized by immune-mediated platelet destruction of 
platelets. The condition involves the presence of autoantibodies targeting platelet membrane antigens. ITP 
has been documented in the literature as a rare extra-intestinal manifestation of inflammatory bowel disease 
(IBD). This case report aims to describe the rare association of ITP as an extra-intestinal manifestation of 
ulcerative colitis (UC), accompanied by a literature review. 
We report the case of a 21-year-old male presenting with acute bloody diarrhea refractory to broad-spectrum 
antibiotic therapy. Given the patient’s significant history of intermittent persistent diarrhea, hematochezia, 
hematuria, and thrombocytopenia, an evaluation for relapsing IBD was undertaken. Colonoscopic biopsy 
findings were consistent, with UC showing mild activity, while bone marrow aspiration revealed features 
indicative of chronic ITP. The patient was managed with oral corticosteroids for the IBD flare and oral 
mesalamine, resulting in a significant improvement in platelet count. Upon follow-up, with remission of UC, it 
was accompanied by a complete normalization of the patient’s platelet count. ITP has been reported as a rare 
extra-intestinal manifestation of IBD (UC). This report emphasizes the importance of suspecting IBD in cases 
of unexplained thrombocytopenia, particularly in compatible clinical settings, to enable timely diagnosis and 
management of both conditions, ultimately improving patient outcomes.
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INTRODUCTION

Ulcerative colitis (UC) is an inflammatory bowel disease 
resulting in inflammation and colon and rectum ulcers.1 
The primary symptoms of active disease are abdominal 
pain and diarrhoea mixed with blood. Other symptoms 
may include weight loss, fever and anaemia.2 UC is 
characterized by remission and recurrence; several 
extra-intestinal manifestations have been reported. The 
main extra-intestinal manifestations are arthritis and 
arthropathy, primary sclerosing cholangitis, metabolic 
bone disease, uveitis and rarely venous thromboembolism.3 
Immune thrombocytopenic purpura (ITP) is a rare extra-
intestinal manifestation of inflammatory bowel disease 
(IBD) and is more commonly associated with UC.4 It is 
an immune-mediated destruction of platelets.5 Molecular 
mimicry between the luminal mucosa and platelet 
membrane antigens leads to immune activation and 
subsequent platelet destruction in the spleen.6
IBD patients are at an increased risk of having another 
autoimmune disease, and therefore, it becomes even 
more challenging to distinguish between extra-intestinal 
manifestation and concomitant autoimmune disease. 
The association between IBD and ITP is rare, but it offers 
a therapeutic advantage as medications effective against 
both conditions can be used simultaneously to benefit the 
patient. Given the rarity of this association, we aim to 
describe a young patient of UC who presented with ITP 
as a rare extra-intestinal manifestation.

CASE REPORT

A 21-year-old male, working as a local driver and 
residing in a rural area of Kashmir, India, presented 
with a one-month history of fever and three days 
of loose stools, accompanied by hematochezia. The 
fever was low-grade, continuous, and associated 
with sweating. The stools were consistently loose, 

suggestive of large bowel involvement, mixed with 
fresh blood. They were associated with diffuse 
abdominal pain and tenesmus. A short course of 
intravenous antibiotics was prescribed to him at 
a peripheral health center before reporting to our 
hospital, but they did not relieve his symptoms much. 
The patient had a significant history of intermittent 
persistent diarrhea, bleeding per rectum, and hematuria 
on-off for the last 4 years. He was evaluated for the 
same on an outpatient department basis previously. 
Labs showed thrombocytopenia with giant platelets 
on PBF (peripheral blood film). PR proctoscopy 
revealed multiple small erythematous ulcers with 
friability, a biopsy showing partially ulcerated rectal 
mucosa with underlying normal mucosal glands and 
lamina propria revealing dense, chronic inflammatory 
cell infiltrate forming lymphoid follicles along with 
edema and congestion. He had previously received 
symptomatic treatment without a definitive diagnosis. 
During this admission to the ER, the patient was 
dehydrated and febrile to touch. He had tachycardia 
(110/min, regular) with BP of 100/70 mmHg and 
S02 of 97% on ambient air. The abdomen had diffuse 
tenderness on deep palpation without any definite 
signs of peritonitis. Labs showed thrombocytopenia, 
high CRP/ESR, and mild transaminases (Table 1).

  PBF showed giant platelets with a manual platelet 
count of 60,000 per microliter. Normal gut flora 
was isolated from stool culture. ANA by Hep-2 cell 
lines was negative. Triple serology was negative. 
Ultrasonography of the abdomen showed mild 
splenomegaly (12 cm), and the rest was unremarkable. 
An initial impression of acute infectious enterocolitis 
(vs a flare of IBD) was made, and the patient was 
started on broad-spectrum intravenous antibiotics 
using ceftriaxone 1 g twice a day and metronidazole 
500 mg thrice a day. The patient’s clinical status, 
as assessed by the Truelove-Wittz severity index 
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for UC, improved from severe to moderate during 
hospitalization. However, considering the patient’s 
persistent symptoms along with a significant history, 
he was subjected to a colonoscopy. There was evidence 
of multiple small erosions and aphthous ulcers with 
background erythema from the caecum to the sigmoid 
colon. Severity was higher on the left side with normal 
vascularity and absent granularity, consistent with a 
Mayo endoscopic score of 3. Based on colonoscopy 
findings, an initial diagnosis of pancolitis with normal 
ileum and rectal sparing was made, and biopsies 
were taken for histopathological examination. The 
latter revealed edematous and congested lamina 
propria infiltrated by mixed inflammatory infiltrate 
and predominantly chronic mononuclear eosinophils 
with occasional cryptitis and crypt distortion foci. 
Additional pathological findings were found regarding 

basal plasma cell gradient, focal muco-depletion, and 
Paneth cell metaplasia. These findings, including 
focal mucodepletion and Paneth cell metaplasia, 
suggest chronic inflammation and disease activity in 
UC (Figure 1). A final impression of chronic UC with 
mild activity was made on this biopsy report. The 
same was reviewed with a gastroenterologist who 
started the patient on tapering doses of oral steroids 
and oral mesalamine 1.2 g twice a day. A hematology 
consultation was made because of long-standing 
thrombocytopenia. However, considering the patient’s 
whole presentation, bone marrow findings ruled out 
cytotoxic causes of thrombocytopenia, supporting a 
diagnosis of peripheral platelet destruction consistent 
with ITP. Table 1 summarizes the laboratory findings 
upon admission.

  The patient was discharged in a stable condition 
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after five days of hospitalization, with a platelet 
cunt of 100,000/µL. He continues to be monitored 
by gastroenterology and haematology specialists to 
ensure sustained remission and prevent complications.

DISCUSSION

As previously discussed, IBD is associated 
with numerous extra-intestinal manifestations. 
Patients with IBD also face an increased risk of 
developing other autoimmune diseases as well due 
to their overlapping pathogenic mechanisms.7,8 ITP 
is considered a rare extra-intestinal manifestation of 
IBD.9 Approximately 40 cases of this rare association 
have been documented in the literature. In such 
cases, treatment options include biologicals such as 
rituximab and infliximab and immunosuppressants 
like azathioprine.10 Azathioprine is commonly 
employed as maintenance therapy in IBD. However, 
its use is associated with significant adverse effects 
such as myelosuppression, hepatotoxicity, and 
pancreatitis. These biologics target specific immune 
pathways, such as TNF-α inhibition (infliximab) or 
B-cell depletion (rituximab), to control IBD and ITP.

The coexistence of ITP as an extra-intestinal 
manifestation of IBD is exceedingly rare, making its 
recognition crucial for timely diagnosis and treatment. 
This case highlights the rare association of ITP as an 
extra-intestinal manifestation of IBD, emphasizing 
the need for clinicians to maintain a high index of 
suspicion of this association. Further studies and 
case reports are needed to elucidate the underlying 
mechanisms and optimize treatment strategies for 
patients with IBD and ITP. 

CONCLUSIONS

ITP is a rare extra-intestinal manifestation in 
patients with UC. In a relevant clinical setting, 
thrombocytopenia should prompt physicians to 
consider this rare association, enabling timely 
diagnosis of both conditions and initiating treatments 
that can address both diseases concurrently.
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Transforming rheumatoid arthritis care with ChatGPT: A new 
digital companion

Dear Editor,
Artificial intelligence (AI) is rapidly entering various sectors, including healthcare (1). Large language 

models (LLMs), such as ChatGPT, developed by OpenAI, show the potential to revolutionize patient care 
thanks to their ability to understand and respond to human language. While other LLMs exist, such as Google 
Bard and Microsoft Copilot, this letter focuses on ChatGPT as a prominent example of how such tools might 
enhance the management of chronic conditions like rheumatoid arthritis.

Benefits of ChatGPT in rheumatoid arthritis care
Rheumatoid arthritis is a complex autoimmune disease primarily affecting joints, leading to pain, 

inflammation, and potential joint destruction. Effective management requires a multifaceted approach 
involving medication, lifestyle modifications, and consistent communication between patients and healthcare 
providers. ChatGPT can play a complementary role in this process by providing patients with easily accessible 
information and support. For instance, it can offer clear explanations of medical terms, treatment options, and 
the importance of medication adherence.1,2

Beyond providing medical information, ChatGPT can also assist patients in understanding their condition 
better and navigating the emotional challenges associated with rheumatoid arthritis.3 However, it is important 
to avoid overstating its capabilities. For example, while ChatGPT can offer general information about coping 
mechanisms and relaxation techniques, it cannot provide personalized mental health counseling. Similarly, 
while it can help patients track their symptoms, it cannot replace the nuanced assessments and clinical judgment 
of healthcare professionals. Table 1 highlights various ways ChatGPT can help patients.2

Limitations and risks of ChatGPT
It is crucial to emphasize that ChatGPT should be viewed as a complementary tool, not a replacement for 

qualified healthcare professionals. While it can provide general medical information, it is not equipped to offer 
specific medical advice or treatment recommendations. Patients should always consult with their healthcare 
providers for personalized guidance before making any decisions related to their health.

Transparency regarding the source of information is paramount. While ChatGPT draws from a vast dataset, 
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it is essential to note that this information may not 
always be grounded in peer-reviewed research or 
established medical guidelines.4 There is also the risk 
of misinformation or “hallucinations,” where the AI 
might generate incorrect or misleading information. 
Users should prioritize information from reputable 
medical organizations and journals and always 
discuss any information obtained through ChatGPT 
with their healthcare providers.

Ethical considerations in AI adoption
Integrating AI into healthcare necessitates a 

thoughtful approach to data privacy and security.3 
Robust safeguards must be in place to protect sensitive 
patient information and ensure compliance with 
relevant regulations, such as the Health Insurance 
Portability and Accountability Act (HIPAA). Open 
discussions about data ownership, access, and 
potential risks are crucial to fostering trust and 
responsible AI adoption in healthcare.

The effectiveness of AI tools like ChatGPT hinges 
on users’ health literacy levels. Patients who can ask 
straightforward questions with a strong understanding 
of their situation are more likely to obtain accurate 
and relevant information. Educational initiatives 
aimed at improving health literacy, particularly in 
the context of AI-driven healthcare, can empower 
patients to engage with these tools confidently and 
critically evaluate the information provided.

While ChatGPT’s multilingual capabilities hold 
promise for bridging language barriers in healthcare, 
it is important to acknowledge potential variations 
in medical terminology accuracy across languages. 
Efforts to ensure linguistic sensitivity and cultural 
appropriateness in AI-driven healthcare are essential 
for equitable access to reliable information.

In conclusion, while ChatGPT holds significant 
potential for improving RA care, it is essential 
to approach its integration into healthcare with a 
balanced perspective. This includes acknowledging 
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its limitations, such as the potential for bias in its 
responses due to the datasets it was trained on. 
Prioritizing patient safety and privacy, addressing 
health literacy needs, and actively mitigating biases 
within AI algorithms are crucial steps to harness the 
power of AI responsibly and equitably. By doing so, 
we can empower patients and enhance the patient-
provider relationship.
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