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Abstract	24	

Objective:	Citation	bias	concerns	the	selective	citation	of	scientific	articles	25	

based	on	their	results.	We	brought	together	all	available	evidence	on	citation	bias	26	

across	scientific	disciplines	and	quantified	its	impact.	27	

Study	Design	and	Setting:	An	extensive	search	strategy	was	applied	to	the	28	

Web	of	Science	Core	Collection	and	Medline,	yielding	52	studies	in	total.	We	29	

classified	these	studies	on	scientific	discipline,	selection	method	and	other	variables.	30	

We	also	performed	random	effects	meta-analyses	to	pool	the	effect	of	positive	31	

versus	negative	results	on	subsequent	citations.	Finally,	we	checked	for	other	32	

determinants	of	citation	as	reported	in	the	citation	bias	literature.	33	

Results:	Evidence	for	the	occurrence	of	citation	bias	was	most	prominent	in	34	

the	biomedical	sciences,	and	least	in	the	natural	sciences.	Articles	with	statistically	35	

significant	results	were	cited	1.6	times	more	often	than	articles	with	non-significant	36	

results.	Articles	in	which	the	authors	explicitly	conclude	to	have	found	support	for	37	

their	hypothesis	were	cited	2.7	times	as	often.	Article	results	and	journal	impact	38	

factor	were	associated	with	citation	more	often	than	any	other	reported	39	

determinant.	40	

Conclusion:	Similar	to	what	we	already	know	on	publication	bias,	also	41	

citation	bias	can	lead	to	an	over-representation	of	positive	results	and	unfounded	42	

beliefs.	43	

Word	Count:	197	44	

	45	
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	52	

What	is	new?	53	

Key	findings	54	

• Citation	bias	seems	to	exist	throughout	the	sciences.	Most	evidence	has	been	55	

generated	in	the	biomedical	sciences,	and	some	also	in	the	social	sciences.	56	

• Positive	articles	are	cited	about	twice	as	often	as	negative	ones.	57	

What	this	adds	to	what	is	known	58	

• This	is	the	first	systematic	review	and	meta-analysis	on	citation	bias.		59	

What	is	the	implication	and	what	should	change	now? 60	

• Relevant	literature	is	often	not	well	represented	in	scientific	publications.	61	

This	can	lead	to	false	beliefs	and	research	waste.		62	

• Journals	and	authors	can	both	contribute	in	clarifying	the	rigor	of	their	63	

literature	search.	This	can	be	achieved	by	including	a	statement	on	the	64	

representativeness	of	the	cited	literature,	or,	in	case	of	an	ad	hoc	reference,	65	

by	explicitly	stating	that	it	is	merely	an	example	for	the	sake	of	argument.	66	

	 	67	
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	68	

	69	

Introduction	70	

Citations	 are	 key	 elements	 in	 the	 evolution	 of	 knowledge.	 They	 enable	71	

particular	 research	 findings	 to	 survive	 over	 time	 and	 to	 develop	 into	 academic	72	

consensus.	Given	the	large	body	of	scientific	 literature,	 it	 is	often	unfeasible	to	cite	73	

all	published	articles	on	a	specific	topic,	and	so,	some	selection	needs	to	take	place.	74	

If	 this	 selection	 is	 influenced	by	 the	actual	 results	of	 the	article,	 then	citation	bias	75	

occurs	(1).	76	

Citation	 bias	 is	 considered	 to	 be	 a	 questionable	 research	 practice	 (QRP).	77	

QRPs	 are	 suboptimal	 and	 undesirable	 behaviors	 of	 scientists	 that	 lie	 between	78	

responsible	 conduct	 of	 research	 and	 research	 misconduct	 or	 fraud	 (fabrication,	79	

falsification	and	plagiarism)	(2).	QRPs	are	often	not	deliberate,	and	their	individual	80	

effects	are	assumed	to	be	less	severe	than	those	of	research	misconduct.	81	

Nevertheless,	 questionable	 research	 practices	 are	 believed	 to	 occur	82	

frequently	and	may	have	a	strong	negative	impact	on	the	development	of	knowledge	83	

(2).	 A	 well-known	 example	 is	 publication	 bias,	 which	 leads	 to	 an	 over-84	

representation	 of	 positive	 results	 in	 the	 scientific	 literature.	 According	 to	 a	meta-85	

analysis	 of	 surveys	 (3),	 researchers	 report	 to	 engage	 in	 QRPs	 (about	 34%)	much	86	

more	often	 than	 in	 research	misconduct	 (about	 2%).	 Similarly,	 in	 a	 recent	 survey	87	

among	researchers,	selective	citation	was	ranked	as	the	most	 frequently	occurring	88	

research	misbehavior	(4).	In	order	to	assess	the	potential	consequences	of	citation	89	

bias,	a	proper	understanding	of	its	ubiquity	is	required.	90	
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Citation	bias	has	been	documented	 for	 several	 fields	and	disciplines,	but	 to	91	

our	knowledge,	no	systematic	review	exists.	Our	first	aim	was	therefore	to	identify	92	

and	assess	all	published	evidence	on	citation	bias,	regardless	of	scientific	discipline.	93	

Our	second	aim	was	to	quantify	the	overall	impact	of	article	results	on	the	likelihood	94	

of	being	cited.	95	

	96	

Materials	and	Methods	97	

Search	strategy	98	

All	 publications	 reporting	 empirical	 evidence	 on	 the	 association	 between	99	

article	 results	 and	 citation	 frequency	 were	 included.	 In	 order	 to	 identify	 these	100	

publications,	 we	 developed	 an	 extensive	 search	 strategy.	 (See	 Figure	 S2	 in	 the	101	

Supporting	Information	for	the	exact	search	strategy.)	Roughly,	 it	consists	of	three	102	

facets:	103	

a) “citation	bias”;	104	

b) 	“publication	bias”	(with	the	restriction	that	it	should	be	related	to	citation);	105	

c) the	combination	of	“article	results”	and	“citation	frequency”.	106	

This	 search	 strategy	 was	 applied	 to	 the	 Web	 of	 Science	 Core	 Collection.	107	

Because	 the	majority	of	 the	studies	on	citation	bias	 turned	out	 to	be	conducted	 in	108	

the	biomedical	field,	we	extended	this	search	strategy	to	Medline,	as	was	laid	down	109	

in	our	research	protocol	(5).	Both	searches	were	performed	on	20.	November	2016.	110	

Reference	lists	of	included	publications	were	also	checked.	There	was	no	restriction	111	
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with	regards	to	year	of	publication.	The	selection	process	was	done	in	duplicate	(BD	112	

and	MJEU).	Disputes	were	resolved	by	a	third	researcher	(GMHS).	113	

	114	

Data	extraction	115	

The	 following	 characteristics	 were	 extracted	 for	 each	 included	 study:	 first	116	

author,	 publication	 year,	 scientific	 discipline	 (social	 sciences,	 biomedical	 sciences,	117	

natural	 sciences,	 or	 multiple	 disciplines),	 article	 selection	method	 (claim-specific,	118	

review-based,	 or	 journal-based),	 type	 of	 article	 included	 (trial,	 any	 primary	 data	119	

study,	 meta-analysis,	 or	 any	 type	 of	 article),	 operationalization	 of	 article	 results,	120	

other	 potential	 determinants	 of	 citation	 included	 in	 analysis,	 conclusion	 on	 the	121	

occurrence	 of	 citation	 bias	 (citation	 bias	 found,	 no	 citation	 bias,	mixed	 results,	 or	122	

unclear),	total	number	of	articles	(sample	size),	total	number	of	citations,	and	total	123	

citation	time.	With	citation	time	we	mean	the	time	period	over	which	the	citations	124	

have	been	accumulated.	Data	extraction	was	performed	in	duplicate	(BD	and	MJEU).	125	

For	the	meta-analysis	we	extracted	or	calculated	additional	information:	the	126	

number	of	positive	articles,	the	number	of	negative	articles,	the	number	of	citations	127	

to	positive	articles,	the	number	of	citations	to	negative	articles,		the	citation	time	of	128	

all	 positive	 articles	 together	 and	 the	 citation	 time	 of	 all	 the	 negative	 articles	129	

together.	If	necessary,	we	approached	the	authors	of	the	citation	bias	studies	at	least	130	

twice	in	order	to	retrieve	missing	information.	131	

	132	

Meta-analyses	133	
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Citation	data	are	non-parametric.	Therefore	we	used	rate	ratios	to	pool	these	134	

data.	The	rate	is	the	total	number	of	citations	within	a	certain	time	frame.	The	rate	135	

ratio	 is	 the	 ratio	 of	 the	 citation	 rates	 in	 the	 positive	 outcome	 articles	 versus	 the	136	

negative	 outcome	 articles.	 We	 used	 the	 inverse-variance	 method	 with	 random	137	

effects	 for	pooling	of	 the	natural	 logarithms	of	 the	 rate	 ratios.	Four	meta-analyses	138	

were	 performed,	 one	 for	 each	 of	 the	 following	 operationalizations	 of	 the	 article	139	

results:	140	

1. Relationship	 between	 statistical	 significance	 of	 the	 results	 (regardless	 of		141	

their	direction)	 and	 citation	 frequency.	Articles	with	 statistically	 significant	142	

results	 (α	 =	 0.05)	 are	 considered	 positive,	 articles	 with	 statistically	 non-143	

significant	results	as	negative.	144	

2. Relationship	 between	 direction	 of	 the	 results	 (regardless	 of	 their	145	

significance)	 and	 citation	 frequency.	 Articles	 with	 results	 in	 the	 expected	146	

direction	 are	 considered	 positive,	 articles	 with	 results	 in	 the	 opposite	147	

direction	as	negative.	148	

3. Relationship	between	hypothesis	conformity	(results	being	significant	and	in	149	

the	expected	direction)	and	citation	frequency.	Articles	with	results	that	are	150	

statistically	 significant	 in	 the	 expected	 direction	 are	 considered	 positive,	151	

articles	with	non-significant	results	or	with	significant	results	in	the	opposite	152	

direction	are	considered	as	negative.	153	

4. Relationship	 between	 authors’	 conclusion	 in	 the	 individual	 articles	154	

(regardless	of	 the	actual	data)	and	citation	 frequency.	Articles	 in	which	 the	155	

authors	 conclude	 to	 have	 found	 support	 for	 the	 tested	 hypothesis	 are	156	
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considered	positive,	articles	in	which	the	authors	conclude	not	to	have	found	157	

support	as	negative.	158	

Authors	were	contacted	multiple	times	to	request	any	missing	information.	If	159	

we	 could	 not	 retrieve	 the	 necessary	 information,	 we	 either	 used	 more	 specific	160	

methods	to	infer	it	(as	specified	in	the	Supporting	Information),	or	else	excluded	the	161	

study	from	the	meta-analysis.	162	

	163	

Supporting	Information	164	

More	 information	 on	 the	 search	 strategy,	 details	 about	 the	 citation	 bias	165	

studies,	methods	to	calculate	the	rate	ratio,	and	results	of	sensitivity	analyses	can	be	166	

found	 in	 the	 Supporting	 Information	 and	 in	 our	 review	 protocol	 (5).	 More	167	

information	on	the	terminology	we	use	can	be	found	in	Figure	1.	168	

	169	

	170	

Figure	1.	Adopted	terminology	and	levels	of	research.	171	

Our	review	can	be	considered	as	meta-meta-research.	It	includes	different	
levels	of	research.	We	discern	between	these	levels	by	using	the	following	
terminology	throughout	our	manuscript:	

Level	1	-	An	article	refers	to	the	original	published	work.	Each	article	
has	a	specific	outcome	(called	article	results)	and	citation	frequency.	

Level	2	-	A	publication	is	a	published	work	that	studies	citation	bias	in	
the	network	of	included	articles.	(Publications	that	are	not	primarily	about	
citation	bias	but		measure	both	article	results	and	citation	frequency,	are	also	
included.)	A	publication	can	report	multiple	studies.	

Level	3	-	Our	systematic	review	investigates	all	publications	on	citation	
bias.	(Our	meta-analyses	use	study	as	the	unit	for	analysis,	as	different	studies	
within	a	publication	can	yield	different	rate	ratios.)	
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	172	

Results	173	

Our	 search	 strategy	 identified	 47	 publications	 (Figure	 2).	 Three	 of	 these	174	

publications	 comprised	 two	 or	 more	 empirical	 studies,	 yielding	 a	 total	 of	 52	175	

separate	 studies	 on	 citation	 bias,	 and	 including	 the	 citation	 data	 of	 more	 than	176	

13,000	articles	on	various	topics	(Figure	S1).	Because	some	articles	could	have	been	177	

included	by	multiple	studies,	we	assessed	the	degree	of	overlap	and	estimated	that	178	

at	least	11,000	of	these	articles	were	unique	(Text	S1,	Tables	S2	and	S3).	179	

Most	 of	 the	 52	 studies	 found	 evidence	 for	 citation	 bias	 in	 their	 field:	 29	180	

showed	a	clear	effect	of	outcome	on	citation	against	11	studies	that	showed	no	effect	181	

(and	12	with	mixed	results).	The	direction	of	citation	bias	was	fairly	consistent:	with	182	

some	exceptions	(6,	7),	most	studies	reported	that	positive	articles	were	cited	more	183	

often	than	negative	articles	(Table	1).	184	

	185	
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	186	

Figure	2.	Flow	diagram	of	the	article	selection	process.	187	

	188	

Table	1.	Number	of	studies	on	citation	bias,	by	discipline,	selection	method,	189	

and	outcome	(number	of	studies	in	meta-analyses)	190	

Scientific	discipline	

/	

Article	selection	

method	

Found	support	for	citation	bias	?	 Total	number	

of	studies	

in	review	

(meta-analysis)	Yes	 No	

Mixed	/	

Unclear	

Social	 						6	(2)	 0	(0)	 	1	(1)	 		7	(3)	
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Biomedical	 			21	(14)	 8	(4)	 	9	(6)	 		38	(24)	

Natural	 						2	(0)	 3	(0)	 	1	(0)	 		6	(0)				

Multiple	 						0	(0)	 0	(0)	 	1	(1)	 		1	(1)	

Claim-specific	 				10	(6)					 2	(1)	 		2	(2)	 14	(9)	

Review-based	 				11	(6)	 4	(2)	 		5	(3)	 			20	(11)	

Journal-based	 6	(3)	 1	(0)	 		2	(1)	 		9	(4)	

Other	selection	 						2	(1)	 4	(1)	 		3	(2)	 		9	(4)	

Total	*	 		29	(16)		 11	(4)	 			12	(8)		 		52	(28)	

Notes:	 support	 for	 citation	 bias	 as	 stated	 by	 the	 authors	 of	 the	 included	 publications.	 Some	191	

publications	 present	 multiple	 studies	 with	 different	 results;	 therefore	 we	 present	 the	 number	 of	192	

studies	in	 this	 table.	*	28	of	 the	52	studies	were	eligible	 to	be	 included	 in	at	 least	one	of	 the	meta-193	

analyses.	Inclusion	in	the	meta-analyses	does	not	seem	to	depend	on	support	for	citation	bias	(χ2(2)	=	194	

2.2,	p	=	.34).	195	

	196	

The	majority	of	the	studies	are	biomedical	(7-42),	but	some	also	concern	the	197	

social	(43-49)	and	natural	sciences	(6,	50,	51),	or	a	combination	of	these	(52).	The	198	

biomedical	 studies	 ranged	 from	 highly	 specific	 fields	 -	 such	 as	 the	 relationship	199	

between	job	strain	and	cardiovascular	disease	(16),	or	the	treatment	of	chronic	non-200	

specific	 lower-back	 pain	 (8)	 -	 to	 broader	 categories	 like	 cardiovascular	 medicine	201	

(10).	Most	 of	 these	 studies	 provided	 clear	 evidence	 for	 citation	 bias.	 Citation	bias	202	

was	 also	 identified	 within	 the	 psychological	 (44,	 46-49)	 and	 economic	 (43,	 45)	203	

literature,	but	the	evidence	for	citation	bias	in	the	natural	sciences	(mostly	ecology)	204	
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(6,	 50,	 51)	 seemed	 less	 convincing.	 This	 difference	 between	 scientific	 disciplines	205	

was	not	statistically	significant	(χ2(4)	=	5.7,	p	=	.22,	Table	1).	206	

Apart	 from	 scientific	 discipline,	 these	 studies	 also	 differ	 in	 their	 article	207	

selection	 approach.	 14	 of	 the	 52	 studies	 have	 used	 a	 claim-specific	 approach	 to	208	

study	citation	bias	(8,	12,	19-25,	34,	40,	46,	47,	49).	Their	aim	was	to	identify	all	the	209	

relevant	literature	about	a	specific	claim	and	to	study	citation	behavior	within	that	210	

network	 of	 articles.	 Another	 approach	 is	 to	 select	 all	 the	 articles	 from	 a	 specific	211	

journal	or	database	for	one	or	more	years.	Nine	studies	used	this	approach	(10,	17,	212	

18,	 26,	 29,	 31,	 43,	 45,	 52),	 whereas	 20	 other	 studies	 based	 their	 selection	 on	 a	213	

previously	published	review	or	reviews	(6,	11,	15,	16,	25,	27,	30,	33,	35,	36,	38,	39,	214	

41,	44,	48,	50,	51).	215	

Claim-specific	 research	 on	 citation	 bias	 could	 be	 prone	 to	 selection	 bias	 as	216	

the	studied	claims	might	have	been	chosen	according	to	an	already	existing	concern	217	

of	selective	citation.	This	could	potentially	lead	to	an	overestimation	of	the	citation	218	

bias	 prevalence.	 However,	 this	 is	 unlikely	 as	 the	 journal-based	 selection	 studies	219	

showed	 very	 similar	 results	 (67%	 showing	 clear	 support	 for	 citation	 bias	 against	220	

71%	of	the	claim-specific	studies).	Evidence	from	the	review-based	selection	studies	221	

was	slightly	less	convincing	(55%	showing	clear	support	for	citation	bias,	and	25%	222	

showing	 no	 citation	 bias).	 This	 difference	 between	 selection	 methods	 was	 not	223	

statistically	significant	(χ2(4)	=	1.2,	p	=	.88,	Table	1).	224	

	225	

Meta-analyses	226	
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Next	to	identifying	and	assessing	the	published	evidence	on	citation	bias,	our	227	

second	aim	was	to	quantify	the	overall	impact	of	the	results	reported	in	an	article	on	228	

how	often	it	 is	cited.	If	available,	we	used	data	already	present	in	the	publications.	229	

For	 the	 remaining	 35	 publications	 we	 contacted	 the	 authors	 to	 provide	 the	230	

necessary	 information.	 Despite	 several	 attempts,	 only	 15	 authors	 were	 able	 and	231	

willing	to	comply.	232	

Twenty	one	studies	provided	sufficient	data	to	calculate	a	citation	rate	ratio	233	

for	statistical	significance,	and	to	pool	their	results	in	a	random	effects	meta-analysis	234	

(Figure	3a).	This	analysis	showed	that	statistically	significant	articles	were	cited	1.6	235	

times	as	often	as	non-significant	articles.	The	heterogeneity	was	high	and	 the	rate	236	

ratio	 varied	 substantially	 between	 studies.	 Subgroup	 analyses	 did	 not	 reveal	 any	237	

differences	between	article	selection	methods	or	between	article	types	(Figures	S5	238	

and	S6).	A	 sensitivity	analysis,	with	 smaller	 studies	excluded,	neither	 changed	 the	239	

pooled	 rate	 ratio	 nor	 decreased	 the	 heterogeneity	 (Figure	 S3).	 Although	 the	240	

heterogeneity	 was	 high	 and	 we	 could	 not	 identify	 its	 source,	 almost	 all	 studies	241	

pointed	 in	 the	 same	 direction:	 a	 citation	 rate	 that	 was	 higher	 for	 articles	 with	242	

significant	results.	243	

Statistical	 significance	 in	 itself	 is	 not	 enough	 to	 imply	 support	 for	 a	 tested	244	

hypothesis,	as	 this	would	also	depend	on	 the	direction	of	 the	 findings.	 In	order	 to	245	

check	 if	 some	aspects	of	 article	 results	drive	 citation	more	 than	others,	 additional	246	

meta-analyses	were	performed.	These	analyses,	one	on	 the	direction	of	results	and	247	

one	 on	 hypothesis	 conformity,	 showed	 similar	 estimates	 as	 the	 one	 on	 statistical	248	

significance	(with	pooled	ratio	ratios	of	2.1	and	1.8	respectively,	Figures	3b	and	3c).	 	249	
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		250	

	251	

		252	

	253	

	254	

	255	

	256	

	257	

	258	

	259	

	260	

	261	

	262	

	263	

	264	

	265	

	266	

	267	

	268	

	269	

Figure	3.	Forest	plot	of	association	between	article	results	and	citation	rate.	270	

NOTES:	CI	Confidence	Interval,	N	number	of	articles,	n	number	of	citations.	271	

NOTE: Weights are from random effects analysis
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Authors’	Conclusion.	The	previous	operationalizations	of	article	results	are	all	272	

data-driven.	 The	 decision	 to	 cite	 an	 article	 could	 also	 be	 based	 on	 the	 authors’	273	

interpretation	of	 the	 results	 rather	 than	on	 the	 results	 themselves.	 There	were	 in	274	

total	8	studies	on	citation	bias	that	looked	at	the	conclusion	as	stated	by	the	original	275	

authors.	A	meta-analysis	 including	all	 these	8	studies	showed	that	original	articles	276	

with	a	positive	conclusion	were	cited	2.7	times	more	often	(Figure	3d).	277	

All	 our	meta-analyses	 demonstrated	 that	 positive	 articles	were	 cited	 about	278	

1.3	 to	 3.7	 times	 more	 often	 than	 negative	 articles.	 To	 check	 whether	 this	 is	279	

representative	for	all	published	research	on	citation	bias,	we	looked	again	at	the	23	280	

studies	 that	were	 not	 included	 in	 any	 of	 the	meta-analyses.	 52%	 of	 these	 studies	281	

showed	evidence	for	citation	bias	(versus	59%	of	the	included	studies),	while	30%	282	

(14%)	concluded	there	was	no	evidence	for	citation	bias	and	17%	(28%)	provided	283	

mixed	 or	 unclear	 evidence	 (Table	 1).	 The	 difference	 between	 studies	 that	 were	284	

included	in	the	meta-analyses	and	those	that	were	not	included,	was	small	and	not	285	

statistically	significant	(χ2(2)	=	2.4,	p	=	.31).	We	therefore	believe	the	double	citation	286	

rates	 for	 positive	 studies	 to	 be	 representative	 for	 all	 published	 research	 in	 our	287	

systematic	review.		288	

	289	

Other	determinants	of	citation	290	

To	 evaluate	 which	 other	 factors	 determine	 the	 number	 of	 citations,	 we	291	

identified	all	potential	determinants	of	citation	as	analyzed	in	the	47	publications	of	292	

our	 review,	 and	 scored	 how	 often	 they	 showed	 an	 impact	 on	 citation	 frequency	293	

(Table	2).	In	these	publications,	article	results	(76%)	and	also	journal	impact	factor	294	
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(JIF,	 89%)	 were	 more	 often	 associated	 with	 citation	 frequency	 than	 justifiable	295	

determinants	 such	 as	 research	 quality	 (17%),	 sample	 size	 (29%)	 and	 research	296	

design	 (50%).	 In	 some	 of	 the	 above	 publications,	 the	most	 recent	 impact	 factors	297	

were	 taken	 for	 each	 journal.	 In	 these	 cases,	 the	 article	 of	 interest	 was	 published	298	

before	 the	 JIF	 was	 established,	 and	 so	 the	 determinant	 ‘JIF’	 could	 have	 been	299	

influenced	 by	 the	 dependent	 variable	 ‘citation	 frequeny’.	 Future	 multivariate	300	

analyses	are	needed	to	test	if	this	result	can	be	generalized,	with	JIF	retrospectively	301	

measured	at	the	moment	of	publication	of	the	article.		302	

	303	

Table	2.	Determinants	of	citation	304	

Determinant	 Number	of	

publications	with	

determinant	

included	in	

analysis*	

Number	of	publications	with	

determinant	showing	a	significant	

effect	on	citation	count	

Percentage	of	

publications	in	

which	determinant	

shows	an	effect	on	

citation	count**	Confirms	

		Mixed	/	

Unclear	 Rejects	

Article	Results	 						46	***	 								26	****						 	12	 8	 		76	%		

Impact	Factor	 19	 16	 				1	 2	 		89	%	

Sample	Size	 19	 		4	 				5	 						10	 		29	%	

Research	Design	 11	 		4	 				3	 4	 		50	%		

Research	Topic	 10	 		6	 				3	 1	 		86	%		

Country	of	Author(s)	 10		 		5	 				1	 4	 		56	%		

Research	Quality	 		8	 												1	*****	 				2	 5	 		17	%		

Number	of	Authors	 		7	 		4	 				2	 1	 		80	%	

Funding	Source	 		7	 		4	 				2	 1	 		80	%	

Affiliation	of	Author(s)	 		3	 		0	 				1	 2	 					0	%		



	
	

18	

Authority	of	Author(s)	 		2	 		1	 				0	 1	 		50	%		

Notes:	The	classification	of	these	determinants	is	based	on	findings	from	the	47	publications	305	

included	in	this	review	because	it	was	not	always	possible	to	distinguish	these	determinants	for	each	306	

separate	study	(e.g.	(6))	.	*	Mostly	based	on	univariate	analyses;	**		Mixed	and	unclear	results	are	307	

ignored	in	the	calculation	of	this	percentage.	E.g.	Perc(Article	Results)	=	26/(26+8)*100%	=	76%;	***	308	

One	publication	had	measured	the	outcome	and	citation	frequency	of	the	included	articles,	but	did	309	

not	analyze	the	relationship	between	them;	****	One	publication	confirmed	citation	bias	but	in	310	

opposite	direction,	with	negative	articles	being	cited	more	often	(7);	*****	Only	one	publication	311	

showed	an	effect	of	quality-related	measures;	it	showed	that	lower	quality	was	associated	with	a	312	

higher	citation	frequency	(43).	313	

	314	

	315	

Discussion	316	

Citation	bias	seems	to	exist	throughout	the	sciences.	It	is	most	prominent	in	317	

the	biomedical	sciences	with	many	studies	 in	different	fields	showing	evidence	for	318	

citation	 bias.	 The	 evidence	 in	 the	 social	 sciences	 is	 also	 convincing,	 although	 it	 is	319	

based	on	fewer	studies.	The	evidence	in	the	natural	sciences	is	more	scarce	and	so	320	

far	 less	 convincing.	 Our	meta-analyses	 show	 that	 positive	 articles	 are	 cited	 about	321	

two	 times	 more	 often	 than	 negative	 ones.	 Our	 results	 suggest	 that	 citations	 are	322	

mostly	based	on	the	conclusion	that	authors	draw	rather	than	the	underlying	data.	323	

To	 our	 knowledge,	 this	 is	 the	 first	 time	 that	 all	 empirical	 literature	 on	 the	324	

relationship	 between	 article	 results	 and	 citation	 has	 been	 systematically	325	

investigated,	 and	 that	 the	 magnitude	 of	 citation	 bias	 has	 been	 summarized	 in	 a	326	
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pooled	 estimate.	 There	 is	 one	 earlier	 review,	 but	 no	 search	 strategy	 had	 been	327	

specified		and	only	a	few	publications	were	included	(1).		328	

There	 is	 one	 other	 study	 that	 compared	 the	 occurrence	 of	 citation	 bias	 in	329	

multiple	 scientific	 disciplines	 (52).	 This	 empirical	 study	 by	Daniele	 Fanelli	 is	 also	330	

included	 in	our	 review.	His	approach	was	 to	 randomly	select	a	number	of	articles	331	

published	between	2000	and	2007	and	score	them	on	outcome,	number	of	citations,	332	

and	discipline.	This	what	we	call	 journal-based	approach	is	powerful,	but	it	has	its	333	

caveats	 compared	 to	 the	 claim-specific	 approach	 described	 before.	 To	 give	 a	334	

fictional	 example,	 let	 us	 look	 at	 the	health	 effects	 of	 fruits.	 Study	A,	 on	 the	health	335	

effects	 of	 apples,	 shows	 promising,	 positive	 results	 and	 this	 gives	 rise	 to	 a	 high	336	

number	 of	 additional	 studies	 on	 apples.	 Study	B,	 on	 the	 health	 effects	 of	 oranges,	337	

shows	negative	results	instead,	and	does	not	inspire	more	studies	on	oranges.	It	 is	338	

likely	 that	 Study	 A	 will	 be	 cited	 more	 often,	 but	 is	 this	 because	 of	 the	 positive	339	

results?	Or	is	it	because	there	are	more	follow-up	studies	on	the	same	topic	that	are	340	

likely	 to	 cite	 each	 other?	 A	 journal-based	 selection	 approach	 cannot	 rule	 out	 this	341	

alternative	explanation	for	citation	bias,	because,	basically,	it	compares	apples	with	342	

oranges.	In	addition	to	Fanelli’s	study,	our	review	has	allowed	us	to	check	whether	343	

the	occurrence	of	citation	bias	depends	on	the	article	selection	approach.	It	turned	344	

out	that	this	is	not	the	case.	345	

The	 majority	 of	 citation	 bias	 studies	 are	 performed	 in	 the	 biomedical	346	

sciences.	This	might	reflect	a	higher	awareness	for	this	kind	of	biases	compared	to	347	

other	disciplines	rather	than	a	higher	prevalence.	In	fact,	the	biomedical	field	seems	348	

generally	 more	 advanced	 in	 employing	 initiatives	 to	 counter	 reporting	 bias	 and	349	
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publication	bias	as	reflected	in	the	use	of	research	protocols	and	preregistration	of	350	

clinical	trials	(e.g.	(53-55)).	351	

The	 scientific	 process	 stands	 or	 falls	 by	 a	 balanced	 representation	 of	 the	352	

available	research.	Citation	bias	distorts	this	balanced	representation	and	may	lead	353	

to	false	beliefs	(e.g.	(56)).	The	good	news	is	that	there	is	a	self-correcting	mechanism	354	

in	 the	 form	 of	 systematic	 reviews,	 which	 ideally	 take	 all	 published	 evidence	 into	355	

account	 regardless	 of	 whether	 it	 has	 been	 cited	 before	 or	 not.	 Still,	 even	 though	356	

systematic	reviews	and	meta-analyses	are	often	regarded	as	providing	the	best	form	357	

of	evidence,	they	can	be	flawed	and	even	misleading	(e.g.	(57)).	Furthermore,	when	358	

there	 is	 no	 decent	 systematic	 review	 available,	 citation	 bias	 can	 have	 serious	359	

consequences	that	are	similar	to	other	questionable	research	practices	(e.g.	(58)).		360	

To	give	 some	examples,	 studies	 included	 in	our	 review	showed	 that	biased	361	

exclusion	of	previous	evidence	leads	to	distorted	information	in	the	media	(44),	to	362	

incorrect	risk	perceptions,	and	to	unwarranted	decisions	such	as	withholding	from	363	

treatment	 in	case	of	a	serious	medical	condition	(33).	Also,	citation	bias	has	 led	to	364	

research	waste	because	 it	 steered	 the	 focus	of	 research	 into	a	wrong	direction	 (8,	365	

12).	Furthermore,	it	has	been	shown	that	the	conclusions	of	reviews	(both	narrative	366	

and	 systematic)	 can	be	predicted	 from	 the	 choice	of	which	 literature	was	 cited	 in	367	

those	 reviews	 (59).	 In	 other	 words,	 if	 this	 cited	 literature	 is	 biased,	 wrong	368	

conclusions	can	be	drawn.	369	

An	 underlying	 assumption	 of	 our	 approach	 to	 study	 citation	 bias,	 is	 that	370	

citing	articles	generally	agree	with	the	cited	articles.	This	is	not	necessarily	the	case.	371	

A	positive	article	might	also	be	cited	to	criticize	the	message.	However,	most	articles	372	
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seems	 to	 be	 cited	 for	 other	 reasons	 than	 critical	 appraisal	 (e.g.	 (60)).	 This	373	

propagates	and	reinforces	the	cited	article’s	message,	potentially	 leading	to	wrong	374	

beliefs	if	the	selection	of	cited	articles	is	indeed	biased.	375	

Our	review	has	a	few	limitations.	One	limitation	is	the	large	heterogeneity	of	376	

our	meta-analyses.	This	is	due	to	the	large	variety	of	studies	included.	We	have	377	

performed	several	sensitivity	analyses	but	could	not	identify	the	source	of	this	378	

heterogeneity.	We	therefore	performed	random-effects	meta-analyses	to	take	the	379	

heterogeneity	into	account.	Nevertheless,	we	have	to	be	prudent	in	drawing	a	380	

generalized	conclusion	about	the	magnitude	of	citation	bias	across	the	sciences.	381	

Further,	we	used	rate	ratios	in	order	to	pool	effects	of	the	included	studies.	382	

The	use	of	citation	rates	assumes	a	linear	effect	over	time	and	this	is	unlikely	to	be	383	

the	case.	In	fact,	citation	generally	follows	an	inverted	U-shape	with	the	maximum	384	

number	of	citations	often	accumulated	a	couple	of	years	after	publication	(e.g.	(61)).	385	

Also,	the	citation	time	over	which	citations	have	been	gathered	often	varies	between	386	

the	studies	that	are	included.	But	within	the	majority	of	these	studies	the	positive	387	

and	negative	rates	are	based	on	the	exact	same	publication	time,	yielding	rate	ratios	388	

that	can	in	principle	safely	be	pooled.	However,	the	pooling	of	rate	ratios	also	389	

assumes	a	normal	distribution,	and	this	assumption	is	unlikely	to	be	met.	Most	390	

articles	generate	just	a	moderate	number	of	citations	while	some	seminal	articles	391	

are	cited	in	abundance.	This	may	have	lead	to	overdispersion	and	an	392	

underestimation	of	our	standard	errors	and	confidence	intervals.	393	

Finally,	 this	 review	 has	 focused	 on	 the	 association	 between	 article	 results	394	

and	 citation,	 but	 it	 has	not	 controlled	 for	potential	 confounders.	 It	 is	 theoretically	395	
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possible	that	positive	articles	are	of	a	higher	quality.	If	this	is	the	case,	then	research	396	

quality	may	 be	 the	 actual	 determinant	 of	 citation	 frequency	 rather	 than	 research	397	

outcome.	This	would	imply	that	high-quality	articles	would	receive	more	attention,	398	

and	this	could	in	fact	be	beneficial	for	the	scientific	process.	399	

However,	our	analysis	has	shown	that	quality	was	not	related	to	the	number	400	

of	citations	(Table	2).	This	is	consistent	with	previous	research	that	showed	no	401	

association	of	citation	frequency	with	research	quality	(e.g.	(62-65)),	although	there	402	

is	some	evidence	for	an	association	with	research	design	(66)	which	is	related	to	403	

research	quality.	Only	journal	impact	factor	showed	a	consistent	effect	on	citation.	404	

However,	we	believe	this	factor	to	mediate	the	effect	of	results	on	citation	(e.g.	405	

(15)).	It	is	more	likely	to	publish	an	article	in	a	high	impact	journal	if	its	results	are	406	

positive,	and	these	positive	results	may	be	part	of	the	explanation	why	high	impact	407	

journals	and	articles	receive	more	citations.	All	in	all,	it	seems	improbable	that	the	408	

impact	of	the	article	results	on	the	number	of	citations,	as	established	in	this	review,	409	

can	be	explained	by	other	factors.	410	

Citation	bias	could	be	avoided	by	citing	only	systematic	reviews	but	these	are	411	

not	 always	 available	 or	 suitable.	 Alternatively,	 we	 could	 cite	 all	 the	 relevant	412	

literature	on	a	topic	but	this	 is	not	realistic.	 In	fact,	even	in	our	systematic	review,	413	

which	 presents	 an	 exhaustive	 overview	 of	 the	 literature	 on	 citation	 bias,	we	may	414	

have	indulged	in	selective	citation	ourselves	when	it	comes	to	side	topics.	We	have	415	

used	 some	 references	 to	 back	 up	 an	 argument,	 and	we	 did	 so	 to	 the	 best	 of	 our	416	

knowledge	but	without	 systematically	 checking	 the	 available	 literature	on	 each	of	417	

these	 side	 topics.	 By	 preceding	 these	 ad	 hoc	 references	 with	 ‘e.g.’,	 we	 aimed	 to	418	
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clarify	 that	 they	 are	 merely	 an	 example	 of	 all	 the	 available	 literature.	 Likewise,	419	

journals	could	adopt	the	policy	to	include	a	statement	on	the	representativeness	of	420	

the	cited	literature,	similar	to	statements	on	funding	and	author	contributions.	Such	421	

statement	 could	 increase	 the	 awareness	 for	 selective	 citation,	 and	 an	 increased	422	

awareness	could	reduce	its	potential	harm.	423	

	424	

Conclusion	425	

	 This	is	the	first	systematic	review	of	citation	bias.	It	brings	together	all	426	

relevant	research	and	quantifies	the	impact	of	positive	results	on	the	likelihood	of	427	

being	cited	in	four	respective	meta-analyses.	It	shows	that	citation	bias	occurs	428	

throughout	the	sciences,	mostly	in	the	biomedical	field,	and	irrespective	of	article	429	

selection	method,	article	type,	and	the	way	in	which	a	positive	article	is	defined.	It	430	

further	shows	that	positive	articles	are	cited	about	twice	as	often	as	negative	431	

articles.	432	

The	negative	 consequences	of	 citation	bias	 can	be	 similar	 to	 those	of	other	433	

questionable	research	practices	like	publication	bias.	They	may	occur	with	the	best	434	

of	intentions	and	their	individual	effects	may	be	small,	but	all	together	they	lead	to	435	

an	over-representation	of	positive	findings	in	the	scientific	literature.	This	hampers	436	

the	scientific	process,	leads	to	wrong	conclusions	and	decisions,	and	will	eventually	437	

harm	the	reputation	of	science.	438	

	439	
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