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ABSTRACT
Objective Reviews on the relationship of low- energy 
sweeteners (LES) with body weight (BW) have reached 
widely differing conclusions. To assess possible citation 
bias, citation analysis was used to quantify the relevant 
characteristics of cited articles, and explore citation 
patterns in relation to review conclusions.
Design A systematic search identified reviews 
published from January 2010 to March 2020. Different 
characteristics (for example, type of review or research, 
journal impact factor, conclusions) were extracted from 
the reviews and cited articles. Logistic regression was 
used to estimate likelihood of articles with particular 
characteristics being cited in reviews. A qualitative 
network analysis linked reviews sub- grouped by 
conclusions with the types of articles they cited.
Main outcome measures (OR; 95% CI) for likelihood 
that articles with particular characteristics were cited as 
evidence in reviews.
Results From 33 reviews identified, 183 different articles 
were cited (including other reviews). Narrative reviews 
were 62% less likely to be cited than systematic reviews 
with meta- analysis (OR 0.38; 0.16 to 0.86; p=0.03). 
Likelihood of being cited was higher for evidence on 
children than adults (OR 2.27; 1.59 to 3.25; p<0.0001), 
and with increased journal impact factor (OR 1.15; 1.00 
to 1.31; p=0.04). No other factors were statistically 
significant in the main analysis, and few factors were 
significant in subgroup analyses. Network analysis 
showed that reviews concluding a beneficial relationship 
of LES with BW cited mainly randomised controlled trials, 
whereas reviews concluding an adverse relationship cited 
mainly observational studies.
Conclusions Overall reference to the available evidence 
across reviews appears largely arbitrary, making citation 
bias likely. Differences in the conclusions of individual 
reviews map onto different types of evidence cited. Overall, 
inconsistent and selective use of the available evidence 
may account for the diversity of conclusions in reviews on 
LES and BW.
Trial registration number Prior to data analysis, the 
protocol was registered with the Open Science Framework 
(https:// osf. io/ 9ghws).

INTRODUCTION
The relationship of low- energy sweeteners 
(LES) with body weight (BW) has been widely 
discussed.1 2 Replacing sugars (monosaccha-
rides and disaccharides) with LES has been 
argued to benefit BW control by decreasing 
net calorie intake while satisfying a desire for 

sweetness.1 In contrast, it has also been argued 
that LES may promote weight gain by having 
the opposite effects: causing dysregulation 
of appetite and metabolism, and promoting 
intake of sweet- tasting, energy- containing 
foods.2 Widely differing views are evident in 
recent narrative and systematic reviews in 
relation to LES and BW, with some reviews 
concluding a beneficial effect or associa-
tion,3–5 others a detrimental effect or associ-
ation,6 7 and others again that the evidence is 
too limited or inconsistent to conclude either 
way.8–10 Given that the same evidence base 
is available to all reviewers, these different 
views presumably arise from the selection 
and importance given to different types of 
evidence, and potential citation bias in the 
reviews.

Citation bias can be defined as ‘the cita-
tion or non- citation of research findings, 
depending on the nature and direction of 
the results’.11 Song et al12 concluded that 
citation bias is especially known to occur for 
positive or significant results. Furthermore, 
non- systematic narrative reviews were partic-
ularly susceptible to biased citation leading to 
misleading conclusions.12 Citation bias is not 
unknown in nutrition research, for example, 
in relation to dietary fatty acid intake and the 
risk of cardiovascular disease (CVD). Urlings 
et al13 investigated citation bias in the literature 
concerning dietary trans fatty acids and serum 
cholesterol. They concluded that several 

Summary box

What this paper adds
 ► Network analyses show that reviews concluding a 
beneficial relationship of LES with BW cite mainly 
randomised controlled trials, whereas reviews con-
cluding an adverse relationship cite mainly observa-
tional studies.

 ► The selection and importance given to different 
types of prior evidence across reviews seem arbi-
trary and citation bias is probable.

 ► The lack of consistent use of available evidence is 
likely to account for the divergent conclusions of re-
views on this topic.
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factors such as statistically significant results, sample size 
and journal impact factor (JIF) were important determi-
nants for selective citation.13 Leng used a network anal-
ysis to assess the patterns of citations in reviews published 
before 1984 of the early randomised controlled trials 
(RCT) on cholesterol lowering diets for prevention of 
coronary heart disease.14 That analysis provided evidence 
of selective citation of RCTs, especially in the reviews 
supporting dietary intervention in secondary prevention 
of CVD.14 This also shows that citation bias is not a new 
phenomenon.14

In relation to LES and BW, citation analysis could help 
to understand the basis for differing conclusions from 
reviews. Mela et al15 specifically raised selective citation 
as a general issue in the interpretation and reporting 
of research on LES. However, there has been no objec-
tive analysis of citation patterns or bias in the literature 
on LES. The aim of this analysis was therefore to assess 
the citation pattern in reviews on the relationship of 
LES with BW- related outcomes. The main analysis eval-
uated whether variation in the overall pattern of articles 
cited in reviews was quantitatively associated to specific 
characteristics of the cited articles, such as article type, 
conclusions, population, sample size, authorship, JIF and 
years between the review and the cited (original) article. 
Network analysis was used to assess qualitative relation-
ships between individual review conclusions and the 
nature of cited articles.

METHODS
The methods were originally described in a study protocol 
registered online prior to undertaking any analyses 
(https:// osf. io/ 9ghws). Any later additions, deviations 
and modifications from that original protocol are noted 
below. The protocol is available in online supplemental 
material (including online supplemental tables S1, S2 
and S3).

Search strategy and article selection
A systematic literature search was conducted in March 
2020 using the Web of Science Core Collection. The aim 
was to transparently identify a comprehensive, repre-
sentative and unbiased selection of reviews assessing 
the relationship between LES exposure and outcomes 
related to BW or obesity risk. Search terms included 
‘low- energy sweetener(s)’ and related terms for expo-
sure, ‘body weight’, ‘overweight’, ‘obesity’ and ‘adiposity’ 
for outcome, together with different types of publica-
tion, for example, ‘narrative review’, ‘systematic review’, 
‘meta- analysis’, ‘scientific report’ and ‘perspective’. For 
a complete list of search terms, see online supplemental 
table S1. Articles were included if they were published 
in English, in refereed scientific journals (ie, excluding 
‘grey’ literature). Any other potentially eligible reviews 
subsequently identified (for example, from reference lists 
in the reviews returned by our search) were not included, 
because this could cause an over- representation of articles 

cited within the network, whereas eligible articles outside 
the network would be ignored.13 As a modification of the 
registered protocol, the search was limited to publications 
within the preceding 10 years to better reflect current 
rather than historical practices.

Screening of review articles was done in two steps: (1) 
screening of title and abstract to identify potentially rele-
vant articles, (2) full- text screening of identified articles 
from step 1 to confirm that relevant articles meeting 
the inclusion criteria were correctly identified, and that 
data for the required outcome measures were reported. 
The screening was done independently by two reviewers 
(DM and MN). Any uncertainties or disagreements 
were resolved by a third reviewer (AR). The eligibility 
of reviews was determined according to the predefined 
inclusion and exclusion criteria (online supplemental 
table S2). Each review was re- classified as one or more 
‘evidence assessment units’ (EAU—see below) for anal-
ysis. If a single review contained multiple independent 
analyses and conclusions based on different evidence sets 
(for example, RCT vs observational evidence, evidence 
for adults vs children), these were treated as separate 
EAUs in the citation analysis. Children were defined as a 
study population with mean age under 18 years.

For clarity, the following terminology is used:
 ► Review: a published review identified by the system-

atic literature search. A review is a single publication, 
consisting of one or more EAUs.

 ► EAU: a single review or, where present, each of the 
independent evidence assessments within a review, 
such as wholly separate sections for evidence or meta- 
analyses on children or adults, with independent 
conclusions. For the purpose of the citation analysis, 
each EAU in any single review publication was treated 
as if they were separate publications, because each 
EAU cited different evidence sets and could differ in 
conclusions.

 ► Cited article: any publication cited as evidence for 
the LES–BW relationship in a review (EAU). Cited 
articles could be original research or earlier reviews 
(including those identified for the present citation 
analysis).

Inclusion criteria for articles cited in reviews
The included reviews were screened for any articles cited 
as evidence of possible effects or associations of LES 
exposure and human BW- related outcomes. Obesity or 
BW- related outcomes of interest included BW, body mass 
index, population risk of obesity or weight gain and other 
outcomes commonly used as indicators of relative BW 
or fatness (fat mass, percent body fat, waist circumfer-
ence, skinfold thickness, adiposity). This was done inde-
pendently by two reviewers (DM and MN). Cited articles 
were included or excluded from the analysis depending 
on the context in which they were used. Cited articles 
were included when they were an explicit part of the 
empirical evidence- base used for drawing conclusions on 
the effect or association of LES and BW- related outcomes. 
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Citations describing BW outcomes in animal studies were 
only included where they were used in this same context, 
and integrated into the narrative on BW or obesity risk in 
humans. Citations were excluded if they were only used in 
other contexts such as:

 ► Introductory descriptions of the general topic area or 
current public health guidance.

 ► Evidence limited to potential underlying mechanisms 
or hypotheses, for example, appetite control, energy 
intake or expenditure, adipogenesis, diet quality and 
so on.

 ► Cited but not used in quantitative or qualitative 
evidence assessments in the systematic review or 
meta- analysis.

 ► Animal studies clearly used in the context of narrative 
text on effects in animals.

 ► Evidence limited to visceral fat mass or ectopic fat as 
outcomes.

 ► Evidence limited to other health outcomes including 
metabolic syndrome.

 ► Part of an inventory (simple listing or description) of 
papers in a database or cited in other reviews.

Obvious errors in citations within reviews (for example, 
clear reference name and description in text linked to 
incorrect number in reference list, double- citing of the 
same paper in a reference list, mistakes in cited author or 
journal name and so on) were corrected where possible. 
However, if there was not an unambiguous resolution 
(for example, citation could not be matched to any clear 
source), these were treated as missing data.

Data extraction
Data on a number of characteristics were extracted from 
each EAU and cited article (table 1 and table 2). This infor-
mation was independently reviewed and subsequently 
agreed by two authors (MN and DM), and a third author 
(AR) consulted where needed to reach a consensus. A 
number of guiding decision rules were applied to ensure 
greater consistency and transparency in the independent 
assessor judgements on the relevant citations and data 
for extraction. The most important guiding rules are 

Table 1 Characteristics of included evidence assessment 
units (n=51*)

n (%)

Author’s conclusion

  Decrease BW/more beneficial 11 (22)

  Neutral (no directional effect or association) 7 (14)

  Increase BW/less beneficial 7 (14)

  No conclusion directly relevant to the LES–BW 
relationship

0

  Evidence is insufficient to draw a conclusion 26 (51)

  Unable to draw a conclusion from the paper 0

Statistical significance†

  Decrease BW/more beneficial 2 (4)

  Neutral (no directional effect or association) 3 (6)

  Increase BW/less beneficial 3 (6)

  No conclusion directly relevant to the LES–BW 
relationship

0

  Evidence is insufficient to draw a conclusion 0

  Unable to draw a conclusion from the paper 2 (4)

  Missing data 1 (2)

Type

  Narrative review 26 (51)

  Systematic review with meta- analysis 11 (22)

  Systematic review without meta- analysis 14 (27)

Population

  Adults 6 (12)

  Children 14 (27)

  Both 31 (61)

Funding source

  Non- profit organisation‡ 25 (49)

  For profit organisation 0

  Both profit and non- profit 0

  Not stated/stated as no funding received 26 (51)

Affiliation of the corresponding author

  University 44 (86)

  Government 4 (8)

  Non- profit organisation 1 (2)

  Industry 2 (4)

  Other 0

Affiliation of the first author

  University 46 (90)

  Government 2 (4)

  Non- profit organisation 1 (2)

  Industry 2 (4)

  Other 0

  Median (IQR)

Number of authors 3 (2–6)

Journal impact factor, current (2018) 4.17 (3.57–5.78)

Journal impact factor, last 5 years 4.81 (3.43–7.45)

Number of relevant cited articles 9 (6–13)

Continued

n (%)

Number of review authors publications in the 
section concerning BW

0 (0–0)

*From a total number of 33 included reviews. Where a review 
publication contained independent analyses and conclusions for 
randomised controlled trials and observational evidence, or adults and 
children, those were treated as separate evidence assessment units. 
This is the case for 18 papers, resulting in 51 evidence assessment 
units from the 33 reviews.
†From evidence assessment units with meta- analysis (n=11).
‡Of the 25 EAUs with support from non- profit sources, 4 were 
supported by primarily industry- funded non- profit organisations and 
the rest by grants primarily from government, independent foundations 
and universities.
BW, body weight; IQR, Interquartile range; LES, low- energy 
sweeteners; n, sample size.

Table 1 Continued
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described below. See online supplemental information 
for additional decision rules.

If an EAU included a quantitative meta- analysis, both 
the authors’ stated conclusion and conclusion from the 
statistical analysis were recorded. For cited articles, the 
conclusion was classified on the basis of the main stated 
message. Data for cited articles were drawn from the 
abstract if possible, and the full texts only accessed where 
needed.

An EAU was classified as systematic (as opposed to a 
narrative) if the authors described a replicable systematic 

approach to the identification and selection of the litera-
ture, regardless of whether more formal tools or criteria 
for a formal systematic review were applied (for example, 
quality or bias assessment). Cited articles were classified as 
either RCT, observational study, animal study, systematic 
review (with or without meta- analysis) or narrative review.

Population (adults, children or both), number of 
authors, current JIF and JIF from the last 5 years were 
extracted for both EAUs and cited articles, and sample 
size extracted for the latter. Years since the cited paper 
was published was obtained by subtracting a cited article’s 
publication year from the year the review was published. 
Funding source, affiliation of corresponding and first 
author, number of relevant cited articles and number of 
these being self- citations were only extracted from EAUs.

Statistical analysis
The pre- planned main analysis assessed the likelihood of 
articles being cited in reviews, based on the characteris-
tics of the cited articles. EAUs and their cited articles were 
combined in a citation matrix, and logistic mixed- effects 
regression used to quantify the association of characteris-
tics of cited articles with likelihood of being cited. Random 
effects were included to account for multiple entries of 
the same cited articles in different EAUs. Both univar-
iate and multivariate models (including adjustment for 
number of authors, JIF and years since cited article was 
published) were fitted. ORs with 95% CIs were reported. 
The criterion for statistical significance was p<0.05.

A post hoc subgroup analysis was conducted based on 
the EAU conclusions and type of review, using the same 
procedures as the main analysis. An additional post hoc 
analysis included only studies cited five times or more.

A network analysis linked the cited articles to their citing 
EAUs, graphically illustrated with articles and EAUs as 
dots (nodes) connected by arrows (edges). The network 
was based on articles cited five times or more in EAUs, in 
order to simplify visual interpretation and remove poten-
tially trivial citations. The network analysis was further 
divided into subgroups based on the conclusion of each 
EAU. This approach resulted in four different networks, 
corresponding to EAUs concluding a beneficial, neutral 
or adverse relationship of LES with BW, or that there was 
insufficient evidence to draw a conclusion.

All statistical analyses were performed in R V.3.6.1.16

RESULTS
Included articles
Out of 153 potentially eligible reviews identified from 
the systematic search (figure 1), 33 reviews met the 
criteria and were included in the analysis.2–10 17–40 Of 
these, 16 reviews had two independent sections (EAUs) 
separately reviewing evidence from RCT and observa-
tional studies.3–5 8 17 19 21 26 29–31 33 34 37 39 40 Two reviews had 
two independent sections (EAUs) separately assessing 
evidence from adults and children,20 38 whereas the 
remaining 15 reviews did not have such independent 
sections, and were thus treated as single EAUs. Thus, a 

Table 2 Characteristics of included cited articles (n=183) in 
the total set of 51 evidence assessment units reported in 33 
reviews

n (%)

Main message of cited article

  Decrease BW/more beneficial 32 (17)

  Neutral (no directional effect or 
association)

39 (21)

  Increase BW/less beneficial 54 (30)

  No conclusion directly relevant to the 
LES–BW relationship

26 (14)

  Evidence insufficient to draw a 
conclusion

20 (11)

  Unable to draw a conclusion from the 
paper

9 (5)

  Missing data 3 (2)

Cited article type

  Randomised controlled trial 51(28)

  Observational study 72 (40)

  Animal 13 (7)

  Other 1 (1)

  Systematic review with meta- analysis 16 (9)

  Systematic review without meta- analysis 9 (5)

  Narrative review 18 (10)

  Missing data 3 (2)

Cited article population

  Adults 85 (46)

  Children 49 (27)

  Both 32 (17)

  Missing data 17 (9)

  Median (IQR)

Sample size

  Randomised controlled trials 50 (25–155)

  Observational studies 2760 (781–15 984)

Number of authors 5 (3–7)

Journal impact factor, current (2018) 3.97 (3.05–6.57)

Journal impact factor, last 5 years 4.51 (3.33–7.67)

Years since cited article was published 5 (2–10)

BW, body weight; IQR, Interquartile range; LES, low- energy 
sweeteners; n, sample size.
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total of 51 EAUs were available and included in the anal-
ysis (table 1). A total of 183 cited articles were identified 
from the included EAUs (table 2).2–4 10 17 19 29 30 33 36–38 41–204 

Several of the included EAUs were also cited as evidence 
by other EAUs.2–4 10 17 19 29 30 33 36–38

About half of the EAUs (n=25) concluded that there 
was an effect or association of LES and BW, either bene-
ficial, neutral or adverse, whereas the other half (n=26) 
concluded that the evidence was insufficient to draw 
a conclusion. Half of the EAUs were narrative reviews 
(n=26), 22% were systematic review with meta- analysis 
(n=11) and 27% systematic review without meta- analysis 
(n=14).

The majority (68%) of the 183 cited articles concluded 
that there was a relationship (beneficial, neutral or 
adverse) of LES with BW outcomes (n=125) (table 2). 
The majority of the cited articles were original research 
(n=136), either RCT, observational or animal, while 43 of 
the cited articles were reviews, either narrative or system-
atic with or without meta- analysis. Notably, however, 
almost 15% of the cited articles contained no relevant 
conclusion (n=26), mainly because they included no rele-
vant data or analyses. The article type of one article could 
not be classified.

For a small number of the cited articles (n=9), it was 
not possible to discern any conclusion regarding LES, 
even though they contained potentially relevant data 
(for example, where LES were not really a focus of the 
research).

ORs for likelihood of being cited
Only a small number of characteristics of the cited arti-
cles were significantly associated with likelihood of being 
cited (table 3). On average, an article was 62% less likely 
to be cited if it was a narrative review compared with a 
systematic review with meta- analysis. Articles on chil-
dren were 127% more likely to be cited than articles on 
adults. An article was 15% more likely to be cited for every 
twofold increase in the JIF. No other statistically signifi-
cant associations were seen. However, an article was 64% 
more likely to be cited when it did not contain any conclu-
sion directly relevant to the relationship of LES with BW 
(p=0.08). Adjusting for number of authors, JIF and years 
since cited study was published did not alter the results 
(online supplemental table S4).

Statistically significant findings for the subgroup anal-
yses are depicted in table 4 (full results are available in 
online supplemental tables S5–S12). Subgrouping by 
the direction of EAU conclusions (neutral, beneficial, 
adverse) showed limited relationships with the nature or 
conclusions of the cited articles. For EAUs concluding 
a beneficial or adverse effect or association of LES and 
BW, there were no significant associations with the main 
message (conclusions) of the cited articles (see online 
supplemental tables S5, S7). For EAUs concluding a 
neutral effect or association of LES and BW, articles from 
which it was not possible to draw a conclusion were 67% 
more likely to be cited than articles with neutral conclu-
sions (p=0.03), and observational studies 45% more likely 
to be cited than systematic reviews with meta- analysis 
(p=0.03). For EAUs concluding that there was insufficient 

Figure 1 Flow diagram. If a single review contained multiple 
independent analyses and conclusions based on different 
evidence sets (randomised controlled trial vs observational 
evidence, evidence for adults vs children), these were treated 
as separate evidence assessment units in the analysis. BW, 
body weight; EAUs, evidence assessment units; LES, low- 
energy sweeteners.
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evidence to draw a conclusion, articles on children 
were 84% more likely to be cited than articles on adults 
(p<0.001). For systematic reviews without meta- analysis, 
articles on children were 66% more likely to be cited than 
articles on adults (p=0.002), and articles on both children 
and adults were 86% more likely to be cited (p=0.004) 
than articles only on adults.

Network analysis
Figures 2 and 3, online supplemental figures 2 and 3 show 
the network analysis divided into subgroups based on 
the conclusions of the EAUs with cited articles coloured 
based on study type.

EAUs concluding a beneficial effect or association 
(figure 2) cited mainly RCTs, with the exception of Baker- 
Smith et al,18 who cited a large number of observational 
studies. Conversely, EAUs reporting an adverse effect or 
association (figure 3) cited mostly observational studies. 

More observational studies than RCTs were cited in EAUs 
concluding a neutral effect or association of LES on BW 
(online supplemental figure S1). EAUs concluding that 
there was insufficient evidence to draw a conclusion 
(online supplemental figure S2) cited a mix of both RCTs 
and observational studies.

Online supplemental figures S3- S6 show network anal-
ysis divided into subgroups based on the conclusions of 
the EAUs with cited articles coloured based on conclu-
sion of the article. EAUs concluding a beneficial effect or 
association of LES with BW tended to cite articles which 
also concluded a beneficial effect or association (online 
supplemental figure S3). Similarly, EAUs concluding an 
adverse effect or association tended to cite articles which 
also concluded an adverse effect or association of LES with 
BW (online supplemental figure S4). EAUs concluding a 
neutral effect or association (online supplemental figure 

Table 3 ORs for the likelihood of an article being cited, based on univariate analyses of 183 articles cited in 51 evidence 
assessment units from 33 reviews

n (%) OR (95% CI) P value

Main message of cited articles

  Neutral (no directional effect or association) 39 (21) 1 (ref)

  No conclusion directly relevant to the LES–BW relationship 26 (14) 1.64 (0.95 to 2.84) 0.08

  Decrease BW/more beneficial 32 (17) 1.31 (0.76 to 2.27) 0.33

  Increase BW/less beneficial 54 (30) 1.11 (0.68 to 1.85) 0.68

  Unable to draw a conclusion from the article 9 (5) 1.11 (0.43 to 2.50) 0.81

  Evidence is insufficient to draw a conclusion 20 (11) 1.05 (0.53 to 2.00) 0.87

Cited article type

  Systematic review with meta- analysis 16 (9) 1 (ref)

  Systematic review without meta- analysis 9 (5) 0.85 (0.36 to 1.90) 0.70

  Randomised controlled trial 51 (28) 0.82 (0.48 to 1.46) 0.48

  Observational study 72 (39) 0.65 (0.39 to 1.16) 0.13

  Animal 13 (7) 0.63 (0.27 to 1.38) 0.26

  Narrative review 18 (10) 0.38 (0.16 to 0.86) 0.03

  Other 1 (1) 0.22 (0.00 to 2.67) 0.44

Cited article population‡

  Adults 85 (46) 1 (ref)

  Children 49 (27) 2.27 (1.59 to 3.25) <0.0001

  Both 32 (17) 1.01 (0.60 to 1.63) 0.98

Sample size*,§ 124 (68) 1.00 (0.83 to 1.21) 1.00

Number of authors 181 (99) 1.05 (1.00 to 1.10) 0.06

Journal impact factor, current (2018)† 179 (98) 1.15 (1.00 to 1.31) 0.04

Journal impact factor, last 5 years† 178 (97) 1.13 (0.98 to 1.30) 0.08

Years since cited article was published 183 (100) 1.00 (0.97 to 1.02) 0.73

Logistic mixed- effects regression. All analyses are additionally adjusted for overdispersion.
Bold value indicates result is statistically significant with p<0.05 or lower.
*Sample size was base 10 log- transformed, so OR is the change per 10- fold change in study population.
†Journal impact factor was base 2 log- transformed, so OR is the change per twofold change in journal impact factor.
‡Data on population were only extracted for articles considering human subjects.
§Data on sample size were only extracted for primary evidence (ie, not for reviews).
BW, body weight; CI, confidence interval; LES, low- energy sweeteners; OR, odds ratio; ref, reference variable.
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S5) and EAUs reporting insufficient evidence to draw a 
conclusion (online supplemental figure S6) cited articles 
with various conclusions.

Comparing figure 2 with online supplemental figure 
S3 shows that most of the cited RCTs reported a bene-
ficial effect of LES on BW. Similarly, comparing figure 3 
with online supplemental figure S4 shows that most of the 

cited observational studies reported either a neutral or an 
adverse association of LES on BW.

DISCUSSION
This study assessed the pattern of citations in reviews 
on the relationship of LES with BW- related outcomes. 
Surprisingly, across all reviews only a few consistent deter-
minants of likelihood of citation were evident, favouring 
systematic reviews with meta- analysis, studies on chil-
dren and publications in higher impact journals. In the 
overall data set, there was little clear quantitative associa-
tion between the direction of review conclusions on the 
LES–BW relationship (neutral, adverse, beneficial) and 
the conclusions of the cited articles. The network analysis 
indicated that individual reviews concluding a beneficial 
relationship of LES with BW cited mainly RCTs, whereas 
the reviews concluding an adverse relationship cited 
mainly observational studies.

Taken together, this shows a very diverse and incon-
sistent pattern of citations, suggesting that the citation 
of evidence across reviews overall is somewhat arbitrary, 
which may contribute to the diversity in review conclu-
sions. For individual reviews, conclusions mapped onto 
different patterns of cited evidence providing support for 
those conclusions.

This is the first citation analysis of its kind in relation 
to LES, and we believe it has several strengths. First, the 
approach was systematic and pre- planned for the search 
and selection of review articles, extraction of data and 
analyses. This reduced the potential for bias and strength-
ened the likely reproducibility of the study. Second, cita-
tions were only extracted from sections used as evidence 
for the LES–BW relationships and conclusions of the 
reviews. This approach ensured that only relevant articles 
cited as evidence were included.

The analysis also has a number of potential limitations. 
We were limited to using a database (Web of Science) 
from which it was possible to readily extract citations. The 
risk of only using one database is that relevant reviews 
may have been missed, although it would still provide 
an unbiased, reasonably comprehensive and represen-
tative sampling of reviews in this field. Future analyses 
may benefit from extraction of citations from several 
databases to extend the citation network with additional 
relevant reviews. Second, some of the guiding criteria 
and principles for the cited article selection and data 
extraction, as described in the methods, had to be oper-
ationalized by the authors specifically for this research, 
because there were no pre- existing recommended guide-
lines. Although this approach provided an objective and 
transparently replicable basis for decision- making, there 
is always some possible subjectivity and thus potential bias. 
This was minimised by requiring that the entire process 
of study selection and data extraction was agreed by two 
independent assessors against our defined criteria. Lastly, 
quality assessment of the included reviews was not under-
taken, since this was not of primary interest in the present 

Table 4 Statistically significant findings for the subgroup 
analysis based on evidence assessment unit conclusions 
and type of review. Data from 51 evidence assessment units 
reported in 33 reviews

OR (95% CI) P value

Evidence assessment units concluding a neutral effect or 
association of LES on BW (n=7)

Main message of cited articles

  Neutral (no directional effect or 
association)

1 (ref)

  Unable to draw a conclusion 
from the article

1.67 (1.07 to 2.54) 0.03

Cited article type

  Systematic review with meta- 
analysis

1 (ref)

  Observational study 1.45 (1.06 to 2.02) 0.03

Evidence assessment units concluding insufficient evidence to 
draw a conclusion about the effect of LES on BW (n=26)

Cited article type

  Systematic review with meta- 
analysis

1 (ref)

  Systematic review without 
meta- analysis

1.97 (1.12 to 3.45) 0.02

Cited article population

  Adults 1 (ref)

  Children 1.84 (1.43 to 2.37) <0.001

Cited article journal impact 
factor, current (2018)*

1.10 (1.00 to 1.20) 0.049

Systematic reviews (evidence assessment units) without meta- 
analysis (n=14)

Cited article type

  Systematic review with meta- 
analysis

1 (ref)

  Randomised controlled trial 0.61 (0.38 to 1.00) 0.04

Cited article population

  Adults 1 (ref)

  Both 1.86 (1.20 to 2.82) 0.004

  Children 1.66 (1.20 to 2.29) 0.002

Logistic mixed- effects regression. The analysis of neutral 
reviews is additionally adjusted for overdispersion.
Bold value indicates result is statistically significant with p<0.05 
or lower.
*Journal impact factor was base 2 log- transformed, so OR is the 
change per twofold change in journal impact factor.
BW, body weight; CI, confidence interval; LES, low- energy 
sweeteners; n, sample size; OR, odds ratio; ref, reference 
variable.
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study. However, quality assessment of included reviews 
can potentially add an extra element, providing informa-
tion about a possible association between the quality of 
reviews and citation of different types of primary studies. 
From a broader perspective, formulation of standard 
approaches and guidelines for citation analyses should 
be encouraged, similar to the ‘Preferred Reporting Items 
for Systematic Reviews and Meta- Analyses guidelines’ for 
systematic reviews and meta- analyses.205

The present findings for LES and BW differ somewhat 
from other citation analyses in nutrition research. Leng14 
examined how the first RCTs evaluating the efficacy of 

cholesterol- lowering diets in the secondary prevention 
of coronary heart disease were interpreted in reviews of 
the literature. They concluded that reviews supporting 
dietary interventions underutilised the available RCTs to a 
greater extent than other reviews. However, in contrast to 
the present study, their research used only network anal-
ysis as methodology and did not include a statistical anal-
ysis of the specific factors underlying citation of studies in 
reviews. Urlings et al found a higher likelihood of being 
cited for studies with statistically significant results in the 
literature of dietary trans fatty acids and serum choles-
terol.13 Sample size, JIF and authority of the author were 

Figure 2 Network analysis based on evidence assessmentunits concluding a beneficial effect or association of low- energy 
sweeteners with body weight (n=11). Cited articles (n=33) are marked based on the type of study.

Figure 3 Network analysis based on evidence assessment units concluding an adverse effect or association of low- energy 
sweeteners with body weight (n=7). Cited articles (n=22) are marked based on the type of study.
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also important determinants of citation. One significant 
finding from our analysis was that OR for being cited was 
higher for articles on children compared with articles in 
adults. This was also evident in several of the subgroup 
analyses. However, a simple explanation for this consis-
tent finding may be that the number of cited articles 
on children (n=49) was considerably smaller than the 
number of cited articles on adults (n=89), suggesting that 
the total available evidence for children is smaller, thus 
making those articles more frequently cited in reviews.

A surprising result was the limited evidence for quan-
titative relationships between conclusions of reviews and 
the citing of articles with corresponding conclusions. A 
possible explanation for this can be that, in the absence 
of a quantitative (meta-) analysis, review authors selec-
tively interpret some of the articles they cite in reviews. 
This is supported by the surprisingly large percentage 
(almost 15%) of cited articles which had no relevant 
conclusion at all in relation to LES and BW. Subgroup 
analysis showed that articles which contained information 
about the relationship of LES with BW, but from which it 
was not possible to draw a conclusion, were significantly 
more likely to be cited in reviews concluding a neutral 
effect or association. Thus, variable interpretations of the 
LES–BW relationship may arise from differences in the 
qualitative ‘weights’ authors assign to different specific 
parts of the same cited evidence base, possibly influenced 
by their prior beliefs or published views on this relation-
ship. It can also arise if qualitative conclusions are being 
influenced by other less direct evidence, such as mecha-
nistic studies (which were excluded from this analysis). 
Across systematic reviews, important differences may arise 
from choices relating to setting inclusion and exclusion 
criteria, prior to (or even while) performing the review 
(see below).

Taken together, these findings show a very arbitrary 
pattern of citation across the overall body of reviews, 
which could be explained by selective choice and inter-
pretation of cited articles by review authors. A well- known 
weakness of narrative reviews is the lack of a systematic 
search process, leaving space for selective and potentially 
biased citing of evidence. However, systematic reviews 
(with or without meta- analysis) are also potentially subject 
to citation bias through subjective choices made in the 
inclusion and exclusion criteria, and how studies are 
grouped or compared. In the case of the LES–BW rela-
tionship, recent systematic reviews have differed mark-
edly in, for example, arbitrary restrictions on the types of 
LES exposures included, duration of RCTs or follow- up 
of prospective cohort studies, differences in comparators 
(water or sugar, for example) and so on, all leading to 
conclusions being based on quite different evidence sets.8 
Over half of the EAUs concluded that evidence was insuf-
ficient to draw a conclusion about the relationship of LES 
with BW. It is a subjective judgement as to when evidence 
is believed to be sufficient to draw a conclusion within a 
specific area. However, the network analysis showed that 
differing conclusions are qualitatively associated with 

differing degrees of citation of RCTs vs observational 
evidence. If both types of evidence are cited and assigned 
equal weight in the overall interpretation, it is perhaps 
not surprising if authors deem it impossible to draw a 
conclusion.

Several approaches are suggested to address citation 
bias in future reviews of this topic. First, it has been 
recommended that new research is always placed in the 
context of the totality of different types of evidence, with 
consideration of their relative strengths and weaknesses.15 
Looking at the totality of evidence will per definition lead 
to avoidance of citation bias. Furthermore, it can poten-
tially close anticipated gaps in the literature, and focus 
the resources on the true gaps of evidence. Citation of 
the totality of evidence in reviews must be encouraged 
independent of the direction of the results. Arguably, this 
is what systematic reviews already should do, so perhaps 
greater emphasis needs to be given to better justification 
and consensus on the criteria for nature and quality of 
evidence. Second, when concluding that evidence is insuf-
ficient to draw a conclusion, more attention should be 
given to elaborating the specific needs for research that 
would resolve the gaps. This also raises the question of 
whether the topic really suffers from gaps in the evidence 
itself, or gaps in the consistent understanding and use of 
the existing evidence. These approaches are suggested 
to limit the number of reviews concluding simply that 
‘evidence is insufficient to draw a conclusion’, and to 
focus instead on where there is consensus and remaining 
gaps in the literature on the effects of LES in relation to 
BW.

One of the more interesting findings of this study is from 
the network analyses showing that reviews concluding a 
beneficial relationship of LES with BW cited mainly RCTs, 
whereas reviews concluding an adverse relationship cited 
mainly observational studies. These findings represent a 
possible source of citation bias in the included reviews. 
However, from this analysis it is not possible to identify 
whether differences in cited articles arise due to ‘neutral’ 
processes used to select the literature or whether this is 
potentially (with intent or not) biased by review authors’ 
view of the relationship of LES with BW. Variation in the 
literature cited across reviews can only be explained by 
a few characteristics of the cited articles, suggesting that 
citation across reviews assessing the relationship of LES 
with BW is overall inconsistent and arbitrary. Inconsis-
tent use of the available evidence may allow and account 
for the diversity of conclusions in the currently available 
reviews on LES and BW. Replication of the current anal-
yses with further expansion or more types of analyses 
would be useful to confirm or refute the observations and 
suggested explanations given here.
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