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Abstract
One of the most important points in the meta-analyses 
is certainly represented by the assessment of the 
quality of the studies included in such research. The 
meta-analyses are considered the highest level of 
evidence in science. Also for this reason, the quality 
of the studies included should be accurately evaluated 
by standardized tools. The overall results of the meta-
analysis depend indeed also on a rigorous evaluation 
of the studies quality. Among all the possible tools for 
this complex evaluation, the Newcastle Ottawa Scale 
(NOS) is one of the most used worldwide, above all for 
observational studies. In this review, we will discuss the 
strengths and limitation of the NOS, also on the basis 
of the branch of science in which it has been applied.

Key words: Quality; Meta-analysis; Newcastle Ottawa 
Scale

© The Author(s) 2017. Published by Baishideng Publishing 

Group Inc. All rights reserved.

Core tip: To assess the quality of a meta-analysis is a 
remarkable point. In this review, we summarize the 
current evidence regarding the use of the Newcastle 
Ottawa Scale, one of the most used tool for evaluating 
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quality in meta-analyses of observational studies. 
Taking also our works as example, we found that, even 
standardized and quick in its application, it suffers from 
some limitations, particularly when evaluating cross-
sectional studies. 

Luchini C, Stubbs B, Solmi M, Veronese N. Assessing the quality 
of studies in meta-analyses: Advantages and limitations of the 
Newcastle Ottawa Scale. World J Meta-Anal 2017; 5(4): 80-84  
Available from: URL: http://www.wjgnet.com/2308-3840/full/
v5/i4/80.htm  DOI: http://dx.doi.org/10.13105/wjma.v5.i4.80

INTRODUCTION
The quality assessment of studies included in systematic 
reviews and meta analyses is essential to enable a 
clear understanding of the evidence base. There are 
several sources of biases in meta-analyses including 
inaccurate selection of participants, data collection, 
analysis and selective reporting of study results[1]. 
Many of these biases derive directly from the studies 
which are included in the meta-analysis. However, since 
systematic reviews and meta-analyses are considered 
the highest level of evidence in science[2], the quality of 
the studies included should be accurately evaluated by 
validated and standardized tools. 

For randomized controlled trials (RCTs), numerous 
tools are available to assess the risk of bias and me
thodological quality. Among the most commonly used, 
the Cochrane Collaboration’s tool[3] seems one of the 
most accurate, since it accounts for the main features 
of the RCTs. However, other tools (such as the Jadad’s 
scale[4]) are commonly used. 

There are less methodological quality assessment 
tools available for the meta-analyses of observational 
studies. Some authors (including our group[5,6]) have 
used reporting checklists for detailing the quality 
of included studies (such as STROBE[7-9]). Whilst th
is method has several strengths, it may be seen 
as a simple reporting checklist. Such tools are not 
validated for assessing the quality of studies included 
in meta-analyses[1]. For this reason, other tools are 
commonly used for assessing quality and risk of bias 
in observational (both cross-sectional and longitudinal) 
studies. Among these, the Newcastle Ottawa Scale 
(NOS)[10] is one of the most used worldwide. 

Given the rising number of meta analyses of ob
servational studies in the scientific literature, it is 
mandatory that the tools used to assess study quality 
in such endeavors are appraised. In this review, we 
will discuss the strengths and limitation of the NOS 
and its application, taking as example the branches of 
pathology and psychiatry, also with reference to some 
meta-analyses from our group of research. 

REVIEW AND DISCUSSION
NOS: Definition
The NOS can be used for both case-control and lon
gitudinal (prospective studies). Typically, cross-sectional 
studies are evaluated as case control studies. The 
NOS evaluates three quality parameters (selection, 
comparability, and outcome) divided across eight 
specific items, which slightly differ when scoring case 
control and longitudinal studies[10]. Each item on the 
scale is scored from one point, except for comparability, 
which can be adapted to the specific topic of interest to 
score up to two points. Thus, the maximum for each 
study is 9, with studies having less than 5 points being 
identified as representing at high risk of bias[11]. 

In order to minimize the subjective interpretation 
of bias from scoring the NOS typically two independent 
authors should score each paper. However, in our op
inion, the most important as well as critical point in the 
NOS scoring and filling in is certainly represented by 
the specific field in which the meta-analysis has been 
conducted. Each field of science has indeed intrinsic 
aspects with consequent implications: Here we present 
these differences and both the advantages and the 
limitations of NOS scale in some of the most important 
branches of science.

NOS for meta-analyses in pathology 
The pathologists’ role in the era of modern medicine 
is based on performing an accurate as well as precise 
diagnosis, using standardized parameters, fixed cut-
offs and thresholds. This standard strategy should 
be applied from the gross sampling to the pathology 
report[12,13]. The perfect tool for modern surgical 
pathologists to reach a consensus on the parameters 
to be reported in the diagnosis (when, how and why) 
is certainly represented by meta-analysis. With this 
statistical method the best standard and significant 
parameters, that can guide the pathologists during 
the diagnostic activity, can be documented. The meta-
analysis can be thus applied to three of the main 
aspects of surgical pathology: (1) the prognostic impact 
of the mutation status of particular genes in cancer[14,15]; 
(2) the prognostic role of macro- or microscopic 
features of cancers[16-25]; and (3) the diagnostic utility 
of some morphological, immunohistochemical and/or 
molecular parameters[26]. Regarding the specific points 
of NOS scale for pathologists, an important topic is 
represented by the selection of the right method for 
ascertainment of exposure. If the meta-analysis regards 
a morphological aspect or an immunohistochemical 
staining, the classical microscopic exam should be 
preferred. Conversely, if the investigation regards a 
molecular aspect, the best standard molecular approach 
for the specific parameter should be applied, knowing that 
two of the most important are Sanger Sequencing[27] 
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and Next Generation Sequencing[28-30]. For the outcome 
of interest, it is important specifying that this point is 
very subjective and may vary more than other points 
among different meta-analyses. In prognostic meta-
analyses, however, we suggest to consider the disease-
specific survival or the recurrence-free survival as the 
right parameter, being the overall survival the most 
common parameter in prognostic studies and thus not 
an index of quality. The point of NOS scale represented 
by the control for important factor or additional factor 
is obviously very important, since it can give two stars, 
determining a significant part of the quality’s evaluation. 
In this case the choice of the right parameters it is even 
more important. Knowing that data from multivariate 
analysis are more reliable, this merit should be ack-
nowledge using this index, for example giving a star to a 
study that presents hazard ratios and an additional star 
if this data are obtained considering at least two or more 
potential confounders. For meta-analysis in pathology, 
at last, it has to be highlighted that a standard length 
for the follow-up of patients is 60 mo (5 years). A point 
of strength of this scale is that these parameters are 
not fixed and adaptable on the basis of the specific 
analysis. For example, a meta-analysis on the survival 
of patients with glioblastomas, a tumor with a very poor 
prognosis generally no longer than 2 years, will reach 
a star for smaller period (18 mo for example) than the 
classical 60 mo. The adaptability of NOS scale in this 
sense represents surely a point of strength. A limitation 
of this scale in pathology is that it may be very difficult, 
or even impossible, considering every possible source of 
bias in this scale, or highlighting every point of strength 
of the analyzed studies with this multi-stars system. 
The expertise and a consensus meeting among the 
authors is the best way to choose the right parameters 
for this scale.

NOS for meta-analyses in psychiatry
Psychiatry is different from pathology and other 
branches of medicine, since diagnoses, response, and 
remission are defined exclusively on clinical evaluation. 
Thus, the selection and exposure or outcome NOS 
items, which assess whether cases are diagnosed 
through reliable and independent validation or through 
self-report instead, is fundamental in establishing 
research quality. Moreover, among the main diagnostic 
systems, namely DSM-V[31] and ICD, some differences 
are evident[32] and there remains a great debate 
about diagnosis in general. Also, a control group de
fined as free from a specific mental disease in the 

general population, has a lower odds of having other 
psychiatric comorbidity compared to a control population 
of inpatients, due to frequent medical comorbidity 
among patients with severe psychiatric conditions[33,34]. 
Furthermore, remission and response definitions need 
specific psychopathologic scales’ cut-offs to be defined, 
and self-report or no description of such criteria need 
to be accounted for from a quality assessment scale, 
which is the case of NOS. Finally, treatment adherence 
is a substantial problem in psychiatry, and results are 
often affected by rates of completers and subjects lost 
at follow-up; again outcome NOS items account for 
such a variable. Thus authors encourage the use of NOS 
scale in the field of psychiatry, as has already been done 
in both observational[35,36] and interventional[37] studies’ 
meta-analyses.

Strengths of the NOS 
The NOS is one of the most known scale for assessing 
quality and risk of bias in observational studies for 
several reasons[38], as reported in Table 1. The first 
one is that this tool is relatively quick to do, although 
it requires the right attention. Second, as already 
explained, the adaptability of its indexes on the basis of 
the investigated topic is very important. Furthermore, 
differently from other checklists and tools, it is validated 
for case-control and longitudinal studies[10]. Finally, 
differently from other tools, NOS gives a score between 
0 and 9 and so it is possible to use it as potential 
moderator in meta-regression analyses[11,39]. 

Weaknesses of the NOS 
The NOS suffers from several weaknesses, however 
(Table 1). First, some domains are not univocal and 
one author should usually adapt this scale modifying 
some items. It is particularly true for cross-sectional 
studies for which the NOS should be adapted from 
the scheme of the case-control studies. Regarding the 
longitudinal investigations, the points usually adapted by 
the authors are the number and type of adjustments in 
the multivariate analyses, the duration of follow-up (not 
univocal follow-up is in fact given) and the outcome of 
interest not present at the baseline. 

Another point of weakness is the low agreement 
between two independent reviewers in making the 
NOS. In the work proposed by Hartling et al[40], the 
agreement between the two reviewers was moderate/
poor as shown by the k-value (< 0.50 for eight of the 
nine questions on the NOS). This is particularly true in 
case of low experience by the authors in meta-analysis/
systematic reviews[41] suggesting that a training with a 
more expert author is needed. 

Finally, the lack of comprehensive manuals could be 
interpreted as another limitation[42]. 

CONCLUSION
The NOS is a tool commonly used in medicine for 

Table 1  Strengths and weaknesses of the Newcastle Ottawa 
Scale

Strengths Weaknesses

Quick and adaptable Not validation for cross-sectional studies
Validated Poor agreement
Moderator Lack of comprehensive manuals
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the assessment of quality. Although it is a validated 
instrument and with a long history of reliability it suffers 
from several limitations. Other tools (tailored for cross-
sectional studies and with more univocal items for other 
observational studies) are probably needed. 

REFERENCES
1	 Dreier M. Quality Assessment in Meta-analysis. In: Doi SAR,  

Williams GM, editors. Methods of Clinical Epidemiology. Berlin, 
Heidelberg: Springer Berlin Heidelberg, 2013: 213-228

2	 Burns PB, Rohrich RJ, Chung KC. The levels of evidence and their 
role in evidence-based medicine. Plast Reconstr Surg 2011; 128: 
305-310 [PMID: 21701348 DOI: 10.1097/PRS.0b013e318219c171]

3	 Higgins JP, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman 
AD, Savovic J, Schulz KF, Weeks L, Sterne JA; Cochrane Bias 
Methods Group; Cochrane Statistical Methods Group. The Cochrane 
Collaboration’s tool for assessing risk of bias in randomised trials. 
BMJ 2011; 343: d5928 [PMID: 22008217 DOI: 10.1136/bmj.d5928]

4	 Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, 
Gavaghan DJ, McQuay HJ. Assessing the quality of reports of 
randomized clinical trials: is blinding necessary? Control Clin Trials 
1996; 17: 1-12 [PMID: 8721797]

5	 Solmi M, Veronese N, Correll CU, Favaro A, Santonastaso P, 
Caregaro L, Vancampfort D, Luchini C, De Hert M, Stubbs B. 
Bone mineral density, osteoporosis, and fractures among people 
with eating disorders: a systematic review and meta-analysis. Acta 
Psychiatr Scand 2016; 133: 341-351 [PMID: 26763350 DOI: 10.1111/
acps.12556]

6	 Veronese N, Bano G, Bertozzo G, Granziera S, Solmi M, Manzato 
E, Sergi G, Cohen AT, Correll CU. Vitamin K antagonists’ use and 
fracture risk: results from a systematic review and meta-analysis. 
J Thromb Haemost 2015; 13: 1665-1675 [PMID: 26179400 DOI: 
10.1111/jth.13052]

7	 von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, 
Vandenbroucke JP; STROBE Initiative. The Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) 
statement: guidelines for reporting observational studies. J Clin 
Epidemiol 2008; 61: 344-349 [PMID: 18313558 DOI: 10.1016/
j.jclinepi.2007.11.008]

8	 Solmi M, Veronese N, Sergi G, Luchini C, Favaro A, Santonastaso 
P, Vancampfort D, Correll CU, Ussher M, Thapa-Chhetri N, Fornaro 
M, Stubbs B. The association between smoking prevalence and eating 
disorders: a systematic review and meta-analysis. Addiction 2016; 111: 
1914-1922 [PMID: 27206671 DOI: 10.1111/add.13457]

9	 Solmi M, Veronese N, Favaro A, Santonastaso P, Manzato E, Sergi 
G, Correll CU. Inflammatory cytokines and anorexia nervosa: A 
meta-analysis of cross-sectional and longitudinal studies. Psych
oneuroendocrinology 2015; 51: 237-252 [PMID: 25462897 DOI: 
10.1016/j.psyneuen.2014.09.031]

10	 Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M, 
Tugwell P. The Newcastle-Ottawa Scale (NOS) for assessing the 
quality if nonrandomized studies in meta-analyses, 2012. Available 
from: URL: http://wwwohrica/programs/clinical_epidemiology/
oxfordasp

11	 Veronese N, Cereda E, Solmi M, Fowler SA, Manzato E, Maggi S, 
Manu P, Abe E, Hayashi K, Allard JP, Arendt BM, Beck A, Chan M, 
Audrey YJ, Lin WY, Hsu HS, Lin CC, Diekmann R, Kimyagarov 
S, Miller M, Cameron ID, Pitkälä KH, Lee J, Woo J, Nakamura K, 
Smiley D, Umpierrez G, Rondanelli M, Sund-Levander M, Valentini 
L, Schindler K, Törmä J, Volpato S, Zuliani G, Wong M, Lok K, Kane 
JM, Sergi G, Correll CU. Inverse relationship between body mass 
index and mortality in older nursing home residents: a meta-analysis 
of 19,538 elderly subjects. Obes Rev 2015; 16: 1001-1015 [PMID: 
26252230 DOI: 10.1111/obr.12309]

12	 Luchini C, Parcesepe P, Nottegar A, Parolini C, Mafficini A, Remo 
A, Chilosi M, Manfrin E. CD71 in Gestational Pathology: A Versatile 
Immunohistochemical Marker With New Possible Applications. Appl 
Immunohistochem Mol Morphol 2016; 24: 215-220 [PMID: 25906120 

DOI: 10.1097/PAI.0000000000000175]
13	 Luchini C, Parcesepe P, Mafficini A, Nottegar A, Parolini C, Veronese 

N, Remo A, Manfrin E. Specific expression patterns of epithelial 
to mesenchymal transition factors in gestational molar disease. 
Placenta 2015; 36: 1318-1324 [PMID: 26459371 DOI: 10.1016/
j.placenta.2015.09.012]

14	 Luchini C, Veronese N, Solmi M, Cho H, Kim JH, Chou A, Gill AJ, 
Faraj SF, Chaux A, Netto GJ, Nakayama K, Kyo S, Lee SY, Kim DW, 
Yousef GM, Scorilas A, Nelson GS, Köbel M, Kalloger SE, Schaeffer 
DF, Yan HB, Liu F, Yokoyama Y, Zhang X, Pang D, Lichner Z, Sergi 
G, Manzato E, Capelli P, Wood LD, Scarpa A, Correll CU. Prognostic 
role and implications of mutation status of tumor suppressor 
gene ARID1A in cancer: a systematic review and meta-analysis. 
Oncotarget 2015; 6: 39088-39097 [PMID: 26384299 DOI: 10.18632/
oncotarget.5142]

15	 Luchini C, Veronese N, Yachida S, Cheng L, Nottegar A, Stubbs 
B, Solmi M, Capelli P, Pea A, Barbareschi M, Fassan M, Wood 
LD, Scarpa A. Different prognostic roles of tumor suppressor gene 
BAP1 in cancer: A systematic review with meta-analysis. Genes 
Chromosomes Cancer 2016; 55: 741-749 [PMID: 27223342 DOI: 
10.1002/gcc.22381]

16	 Luchini C, Nottegar A, Pea A, Solmi M, Stubbs B, Capelli P, Sergi G, 
Manzato E, Fassan M, Wood LD, Scarpa A, Veronese N. Significance 
of the prognostic stratification of extranodal extension in colorectal 
cancer. Ann Oncol 2016; 27: 1647 [PMID: 27069013 DOI: 10.1093/
annonc/mdw173]

17	 Luchini C, Nottegar A, Pea A, Solmi M, Stubbs B, Capelli P, Sergi G, 
Manzato E, Fassan M, Wood LD, Scarpa A, Veronese N. Extranodal 
extension is an important prognostic parameter for both colonic and 
rectal cancer. Ann Oncol 2016; 27: 955-956 [PMID: 26802150 DOI: 
10.1093/annonc/mdw034]

18	 Luchini C, Nottegar A, Solmi M, Sergi G, Manzato E, Capelli P, 
Scarpa A, Veronese N. Prognostic implications of extranodal extension 
in node-positive squamous cell carcinoma of the vulva: A systematic 
review and meta-analysis. Surg Oncol 2016; 25: 60-65 [PMID: 
26394825 DOI: 10.1016/j.suronc.2015.09.005]

19	 Luchini C, Veronese N, Pea A, Sergi G, Manzato E, Nottegar 
A, Solmi M, Capelli P, Scarpa A. Extranodal extension in N1-
adenocarcinoma of the pancreas and papilla of Vater: a systematic 
review and meta-analysis of its prognostic significance. Eur J 
Gastroenterol Hepatol 2016; 28: 205-209 [PMID: 26566063 DOI: 
10.1097/MEG.0000000000000520]

20	 Luchini C, Wood LD, Cheng L, Nottegar A, Stubbs B, Solmi 
M, Capelli P, Pea A, Sergi G, Manzato E, Fassan M, Bagante 
F, Bollschweiler E, Giacopuzzi S, Kaneko T, de Manzoni G, 
Barbareschi M, Scarpa A, Veronese N. Extranodal extension of 
lymph node metastasis is a marker of poor prognosis in oesophageal 
cancer: a systematic review with meta-analysis. J Clin Pathol 
2016 Jul 7; epub ahead of print [PMID: 27387986 DOI: 10.1136/
jclinpath-2016-203830]

21	 Nottegar A, Veronese N, Senthil M, Roumen RM, Stubbs B, Choi 
AH, Verheuvel NC, Solmi M, Pea A, Capelli P, Fassan M, Sergi 
G, Manzato E, Maruzzo M, Bagante F, Koç M, Eryilmaz MA, 
Bria E, Carbognin L, Bonetti F, Barbareschi M, Luchini C. Extra-
nodal extension of sentinel lymph node metastasis is a marker of 
poor prognosis in breast cancer patients: A systematic review and 
an exploratory meta-analysis. Eur J Surg Oncol 2016; 42: 919-925 
[PMID: 27005805 DOI: 10.1016/j.ejso.2016.02.259]

22	 Veronese N, Fassan M, Wood LD, Stubbs B, Solmi M, Capelli P, Pea 
A, Nottegar A, Sergi G, Manzato E, Carraro S, Maruzzo M, Cataldo 
I, Bagante F, Barbareschi M, Cheng L, Bencivenga M, de Manzoni 
G, Luchini C. Extranodal Extension of Nodal Metastases Is a Poor 
Prognostic Indicator in Gastric Cancer: a Systematic Review and 
Meta-analysis. J Gastrointest Surg 2016; 20: 1692-1698 [PMID: 
27412320 DOI: 10.1007/s11605-016-3199-7]

23	 Veronese N, Luchini C, Nottegar A, Kaneko T, Sergi G, Manzato E, 
Solmi M, Scarpa A. Prognostic impact of extra-nodal extension in 
thyroid cancer: A meta-analysis. J Surg Oncol 2015; 112: 828-833 
[PMID: 26493240 DOI: 10.1002/jso.24070]

24	 Veronese N, Nottegar A, Pea A, Solmi M, Stubbs B, Capelli P, Sergi 
G, Manzato E, Fassan M, Wood LD, Scarpa A, Luchini C. Prognostic 

Luchini C et al . Quality in meta-analyses



84 August 26, 2017|Volume 5|Issue 4|WJMA|www.wjgnet.com

impact and implications of extracapsular lymph node involvement in 
colorectal cancer: a systematic review with meta-analysis. Ann Oncol 
2016; 27: 42-48 [PMID: 26483050 DOI: 10.1093/annonc/mdv494]

25	 Nottegar A, Veronese N, Solmi M, Luchini C. Tumor suppressor gene 
ARID1A in cancer: recent advances and future perspective. J Carinog 
Mutagene 2016; 7: 255 [DOI: 10.4172/2157-2518.100255]

26	 Luchini C, Nottegar A, Solmi M, Veronese N. Meta-Analysis in 
Pathology. J Pathol & Microbiol 2016; 1: 1002-1003

27	 Simbolo M, Mafficini A, Agostini M, Pedrazzani C, Bedin C, 
Urso ED, Nitti D, Turri G, Scardoni M, Fassan M, Scarpa A. Next-
generation sequencing for genetic testing of familial colorectal cancer 
syndromes. Hered Cancer Clin Pract 2015; 13: 18 [PMID: 26300997 
DOI: 10.1186/s13053-015-0039-9]

28	 Mafficini A, Simbolo M, Parisi A, Rusev B, Luchini C, Cataldo I, 
Piazzola E, Sperandio N, Turri G, Franchi M, Tortora G, Bovo C, 
Lawlor RT, Scarpa A. BRCA somatic and germline mutation detection 
in paraffin embedded ovarian cancers by next-generation sequencing. 
Oncotarget 2016; 7: 1076-1083 [PMID: 26745875 DOI: 10.18632/
oncotarget.6834]

29	 Yachida S, Wood LD, Suzuki M, Takai E, Totoki Y, Kato M, Luchini 
C, Arai Y, Nakamura H, Hama N, Elzawahry A, Hosoda F, Shirota T, 
Morimoto N, Hori K, Funazaki J, Tanaka H, Morizane C, Okusaka 
T, Nara S, Shimada K, Hiraoka N, Taniguchi H, Higuchi R, Oshima 
M, Okano K, Hirono S, Mizuma M, Arihiro K, Yamamoto M, Unno 
M, Yamaue H, Weiss MJ, Wolfgang CL, Furukawa T, Nakagama 
H, Vogelstein B, Kiyono T, Hruban RH, Shibata T. Genomic 
Sequencing Identifies ELF3 as a Driver of Ampullary Carcinoma. 
Cancer Cell 2016; 29: 229-240 [PMID: 26806338 DOI: 10.1016/
j.ccell.2015.12.012]

30	 Luchini C, Capelli P, Fassan M, Simbolo M, Mafficini A, Pedica 
F, Ruzzenente A, Guglielmi A, Corbo V, Scarpa A. Next-generation 
histopathologic diagnosis: a lesson from a hepatic carcinosarcoma. 
J Clin Oncol 2014; 32: e63-e66 [PMID: 24493719 DOI: 10.1200/
JCO.2012.47.5855]

31	 Chan CB, Abe M, Hashimoto N, Hao C, Ifor R, Brewster AS, 
Wang G, Yu X, William B, Brewster AS, Wang G, Yu X, William 
B, Tjajadi M, Klein MG, Chen XS. Correction for Chan et al., Mice 
lacking asparaginyl endopeptidase develop disorders resembling 
hemophagocytic syndrome. Proc Natl Acad Sci USA 2009; 106: 6023 
[DOI: 10.1073/pnas.0901254106]

32	 Hyland P, Shevlin M, McNally S, Murphy J, Hansen M, Elklit A. 
Exploring differences between the ICD-11 and DSM-5 models of 
PTSD: Does it matter which model is used? J Anxiety Disord 2016; 
37: 48-53 [PMID: 26618238 DOI: 10.1016/j.janxdis.2015.11.002]

33	 Vancampfort D, Stubbs B, Mitchell AJ, De Hert M, Wampers M, 
Ward PB, Rosenbaum S, Correll CU. Risk of metabolic syndrome and 
its components in people with schizophrenia and related psychotic 
disorders, bipolar disorder and major depressive disorder: a systematic 
review and meta-analysis. World Psychiatry 2015; 14: 339-347 [PMID: 

26407790 DOI: 10.1002/wps.20252]
34	 Stubbs B, Vancampfort D, De Hert M, Mitchell AJ. The prevalence 

and predictors of type two diabetes mellitus in people with 
schizophrenia: a systematic review and comparative meta-analysis. 
Acta Psychiatr Scand 2015; 132: 144-157 [PMID: 25943829 DOI: 
10.1111/acps.12439]

35	 Zaninotto L, Solmi M, Toffanin T, Veronese N, Cloninger CR, 
Correll CU. A meta-analysis of temperament and character dimensions 
in patients with mood disorders: Comparison to healthy controls 
and unaffected siblings. J Affect Disord 2016; 194: 84-97 [PMID: 
26803780 DOI: 10.1016/j.jad.2015.12.077]

36	 Solmi M, Zaninotto L, Toffanin T, Veronese N, Lin K, Stubbs B, 
Fornaro M, Correll CU. A comparative meta-analysis of TEMPS 
scores across mood disorder patients, their first-degree relatives, 
healthy controls, and other psychiatric disorders. J Affect Disord 2016; 
196: 32-46 [PMID: 26897455 DOI: 10.1016/j.jad.2016.02.013]

37	 Fornaro M, Stubbs B, De Berardis D, Perna G, Valchera A, Veronese N, 
Solmi M, Ganança L. Atypical Antipsychotics in the Treatment of Acute 
Bipolar Depression with Mixed Features: A Systematic Review and 
Exploratory Meta-Analysis of Placebo-Controlled Clinical Trials. Int J 
Mol Sci 2016; 17: 241 [PMID: 26891297 DOI: 10.3390/ijms17020241]

38	 Stang A. Critical evaluation of the Newcastle-Ottawa scale for the 
assessment of the quality of nonrandomized studies in meta-analyses. 
Eur J Epidemiol 2010; 25: 603-605 [PMID: 20652370 DOI: 10.1007/
s10654-010-9491-z]

39	 Veronese N, Carraro S, Bano G, Trevisan C, Solmi M, Luchini 
C, Manzato E, Caccialanza R, Sergi G, Nicetto D, Cereda E. Hy
peruricemia protects against low bone mineral density, osteoporosis 
and fractures: a systematic review and meta-analysis. Eur J Clin Invest 
2016; 46: 920-930 [PMID: 27636234 DOI: 10.1111/eci.12677]

40	 Hartling L, Milne A, Hamm MP, Vandermeer B, Ansari M, 
Tsertsvadze A, Dryden DM. Testing the Newcastle Ottawa Scale 
showed low reliability between individual reviewers. J Clin Epidemiol 
2013; 66: 982-993 [DOI: 10.1016/j.jclinepi.2013.03.003]

41	 Oremus M, Oremus C, Hall GB, McKinnon MC; ECT & Cognition 
Systematic Review Team. Inter-rater and test-retest reliability of 
quality assessments by novice student raters using the Jadad and 
Newcastle-Ottawa Scales. BMJ Open 2012; 2: e001368 [PMID: 
22855629 DOI: 10.1136/bmjopen-2012-001368]

42	 Sterne JA, Hernán MA, Reeves BC, Savović J, Berkman ND, 
Viswanathan M, Henry D, Altman DG, Ansari MT, Boutron I, 
Carpenter JR, Chan AW, Churchill R, Deeks JJ, Hróbjartsson A, 
Kirkham J, Jüni P, Loke YK, Pigott TD, Ramsay CR, Regidor D, 
Rothstein HR, Sandhu L, Santaguida PL, Schünemann HJ, Shea B, 
Shrier I, Tugwell P, Turner L, Valentine JC, Waddington H, Waters E, 
Wells GA, Whiting PF, Higgins JP. ROBINS-I: a tool for assessing 
risk of bias in non-randomised studies of interventions. BMJ 2016; 
355: i4919 [PMID: 27733354 DOI: 10.1136/bmj.i4919]

P- Reviewer: Francisco G, Treglia G    S- Editor: Kong JX    
L- Editor: A    E- Editor: Lu YJ

Luchini C et al . Quality in meta-analyses



Maki Jitsumura, Rory Frederick Kokelaar, Dean Anthony Harris

SYSTEMATIC REVIEWS

85 August 26, 2017|Volume 5|Issue 4|WJMA|www.wjgnet.com

Remission endpoints in ulcerative colitis: A systematic 
review

Maki Jitsumura, Rory Frederick Kokelaar, Dean Anthony 
Harris, Colorectal Department, Singleton Hospital, Abertawe 
Bro Morgannwg, University Health Board, Swansea SA2 8QA, 
United Kingdom

Author contributions: Jitsumura M and Harris DA conceptu-
alised and designed the study; Jitsumura M and Kokelaar RF 
conducted the systematic review of the literature; Jitsumura M 
performed data analysis; Jitsumura M, Kokelaar RF and Harris 
DA contributed to the drafting and revision of the manuscript; all 
authors have read and approved the final manuscript. 

Conflict-of-interest statement: There is no financial conflict of 
interest to declare for any of the authors. 

Data sharing statement: Technical appendix, statistical code, 
and dataset available from the corresponding author at dean.
a.harris@wales.nhs.uk. No additional data are available.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Dean Anthony Harris, MD, FRCS, MB 
ChB, Honorary Clinical Professor, Colorectal Department, 
Singleton Hospital, Abertawe Bro Morgannwg, University Health 
Board, Sketty Lane, Swansea SA2 8QA, 
United Kingdom. dean.a.harris@wales.nhs.uk
Telephone: +44-0179-2285459

Received: January 27, 2017
Peer-review started: February 12, 2017
First decision: March 8, 2017
Revised: May 3, 2017
Accepted: May 12, 2017
Article in press: May 15, 2017
Published online: August 26, 2017

Abstract
AIM
To summarize the current consensus on the definition 
of remission and the endpoints employed in clinical 
trials.

METHODS
A bibliogragraphic search was performed from 1946 
to 2016 sing online databases (National Library of 
Medicine’s PubMed Central Medline, OVID SP MEDLINE, 
OVID EMBASE, the Cochrane Library and Conference 
Abstracts) with key words: (“ulcerative colitis”) AND 
(“ulcerative colitis endoscopic index of severity” OR 
“UCEIS”) AND (“remission”) as well as (“ulcerative 
colitis”) AND (“ulcerative colitis disease activity 
index”) OR “UCDAI” OR “UC disease activity index” OR 
“Sutherland index”) AND (“remission”). 

RESULTS
The search returned 37 and 116 articles for the UCEIS 
and UCDAI respectively. For the UCEIS, 12 articles 
were cited in the final analysis of which 9 validation 
studies have been identified. Despite the UCEIS has 
been more extensively validated in all three aspects 
(validity, responsiveness and reliability), it has been 
little employed to monitor disease in randomised 
clinical trials. For the UCDAI, 37 articles were consider
ed for the final analysis. Although the UCDAI is only 
partially validated, 29 randomised clinical trials were 
acknowledged to use the UCDAI to determine endpoints 
and disease remission, though no clear protocol was 
identified. 

CONCLUSION
Although the UCEIS has been more widely validated 
than the UCDAI, it has not been reflected in the moni
toring of disease activity in clinical trials. Conversely, 
the UCDAI has been used in numerous large clinical 
trials to define their endpoints and disease remission, 
however, it is challenging to determine the best possible 
outcomes due to a lack of homogeneity of the clinical 
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trial protocols. Before determining a gold standard 
index, international agreement on remission is urgently 
needed to advance patient care. 

Key words: Ulcerative colitis; Remission; Ulcerative 
colitis endoscopic index of severity; Ulcerative disease 
activity index

© The Author(s) 2017. Published by Baishideng Publishing 
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Core tip: Despite the decades of discussion, disease 
remission for ulcerative colitis has yet to be fully 
defined. Instead, numerous indices that measure a 
large variety of endpoints had been developed, each 
claiming to be accurate and informative. This systematic 
review aimed to summarise the issues related to the 
uncertain definition of disease remissions in clinical 
trial studies by focusing on two indices ulcerative colitis 
endoscopic index of severity and ulcerative disease 
activity index. We recommend that an international 
consensus of remission should be sought before 
establishing a gold standard outcome measurement to 
untangle this confusion.

Jitsumura M, Kokelaar RF, Harris DA. Remission endpoints 
in ulcerative colitis: A systematic review. World J Meta-Anal 
2017; 5(4): 85-102 Available from: URL: http://www.wjgnet.
com/2308-3840/full/v5/i4/85.htm  DOI: http://dx.doi.org/10.13105/
wjma.v5.i4.85

INTRODUCTION
How do we determine remission as an endpoint in 
ulcerative colitis (UC) clinical trials when we design 
a study? There is no universally agreed definition of 
remission as an endpoint in UC clinical trials as of date, 
despite much discussion and urge for the standardisation. 
Currently, it is chosen to reflect the purpose of the 
studies, rather than long-term clinical outcomes or 
controlling bothersome symptoms that patients often 
suffer from. Furthermore, a lack of homogeneity of the 
clinical trial protocols makes comparison of such studies 
more difficult to comprehend. 

UC is a chronic relapsing-remitting inflammatory 
bowel disease, affecting mucosa of the large bowel. 
Patients with UC often present with debilitating symptoms 
such as abdominal pain and rectal bleeding. Although 
the aetiology of UC is believed to be multifactorial 
involving dysregulated immune system, intestinal 
mucosal disturbance and genetic predisposition, natural 
history of the disease is poorly understood[1]. There 
is no curative treatment at present, thus the aim of 
management is induction and maintenance of remission 
with immunosuppressive agents, permitting individuals 
to carry on their daily life. The failure of medical therapy 
or refractory disease often require colorectal surgery, 
and there is an increased risk of colorectal cancer[2]. 
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Since the first disease activity outcome measure
ment was developed in 1955, the Truelove and Witts 
Index, numerous outcome measure instruments have 
been developed[3]. Not only has the number of these 
instruments been growing, but also the assessed 
disease components have been expanding. Traditionally, 
disease activity has been assessed by a clinical and 
symptom scoring system, with or without a combined 
endoscopic assessment. A recent review counted 
seventeen clinical disease activity indices which evaluate 
symptoms, of which eight do so without endoscopic or 
biomarker assessment[4]. The purpose of these disease 
activity indices is to provide an objective measurement 
of the disease activity by employing typical symptoms 
such as stool frequency and rectal bleeding. Endoscopic 
assessment is another dimension of the disease that is 
mandated by the Food and Drug Administration (FDA)[5] 
and at least thirty-one instruments were proposed[6]. 
Many of these endoscopic indices, such as Mayo score 
and ulcerative colitis disease activity index (UCDAI), 
evaluate the macroscopic appearance of large bowel, 
together with symptomatic disease activity. Recently, 
the prognostic potential of histological assessment in 
UC has been highlighted in several studies[7-9], although 
histological remission has yet to be proposed as a 
therapeutic endpoint for clinical trials or practice, twenty-
six histological activity indices have been developed thus 
far. It is important to note that there is considerable 
disparity between visual endoscopic assessment and 
histological disease activity[9], although confusingly 
these terms are used interchangeably[9]. In addition to 
symptomatology, endoscopic, and histological scoring 
systems, radiological outcome instruments as well as 
new biochemical markers are an additional developing 
dimension of disease assessment[4]. 

In addition to these objective indices, we cannot 
neglect patient subjective outcome measurement tools 
and quality of life (QoL) questionnaires. The aim of 
these tools is to evaluate the patients’ emotional, social 
or professional well-being so that their ideas, concerns, 
and expectations can be a part of the objective medical 
decision-making process. Patients often have different 
expectations of treatment and remission from those of 
physicians, and symptoms used in established scoring 
tools may be of relatively little concerns to some 
individuals. Establishing an understanding of chronicity 
is also important in assessing a patient’s disease, 
especially when reconciling the long term treatment 
goals with a patients’ concerns regarding how quickly 
embarrassing, troublesome and physical symptoms can 
be resolved with minimal side effects[10]. Furthermore, 
we cannot underestimate the power of the internet 
and smartphone use in medicine; many patients often 
seek online diagnosis of their symptoms before they 
are formally assessed by a clinician, and may already 
be either well informed or misguided when discussing 
management. Patients often use “remission” and 
“flare-ups” informally to describe their disease activity 
without reference to formal assessments of such, and 
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thus misunderstandings may occur when discussing 
assessment and treatment. A few self-reporting 
assessment tools (smartphone apps) are available, 
allowing patients to monitor their disease activity on 
daily basis in a more objective manner[11]. Whether 
these patient-reported measurement instruments 
show a good correlation with true disease activity by 
other measures appears to be almost irrelevant. Many 
patients with asymptomatic UC do not feel the need 
of continuing medications in the absence of discernible 
symptoms, especially when they give side effects, 
making the negotiation more challenging for clinicians. 
A good rapport and the ability to reach negotiated 
consensus with patients is an integral skill for clinicians 
managing complex UC patients.

The overall picture is that there are numerous 
indices that measure a large variety of endpoints, each 
claiming to be accurate and informative regarding one 
or other management goal. Confusingly, these indices 
share similar names or are often referred to by multiple 
names or abbreviations, such as the UCDAI which is 
also referred to as the Sutherland Index. Unfortunately, 
no single scoring system provides comprehensive 
assessment of disease activity, and the majority of 
these indices lack robust clinical validation. Most clinical 
trials, from which the scoring systems are derived, 
choose disease outcome measures and endpoints re
flecting the purpose of the studies, rather than long-
term clinical outcomes or real-world symptom control 
for patients. Furthermore, each clinical trial defines 
remission differently, making comparison between 
different trials difficult. 

The consequence of the complexity in UC outcome 
measurements and the huge variety in competing scoring 
systems is that many patients with UC may receive 
suboptimal therapy and poor long-term disease control. 

This systematic review will reassess and summarise 
the current consensus on the definition of remission and 
the endpoints employed in clinical trials by focusing on 
two most validated and well-used indices, the ulcerative 
colitis endoscopic index of severity (UCEIS) and UCDAI, 
in order to address the issues with the standardisation 
of clinical trial protocols.

The current target of disease remission endo
scopically is mucosal healing although it has not been 
fully validated or no standardised definition of mucosal 
healing[12,13]. Yet, this appears to be the goal for many 
clinical practice as well as drug trials. 

The recent draft guideline released by the FDA[5] 
states the ideal primary efficacy assessment instrument 
in clinical trials should consist of (1) a signs and sym
ptoms assessment scale - best measured by a patient-
reported outcome instrument. If not, an observer-
reported outcome instrument; and (2) an endoscopic 
and histological assessment scale. 

Thus, endoscopic assessment tools with compre
hensive clinical symptom assessment components that 
come from patients would be a reasonable choice to 
argue remission and endpoints employed in clinical 

trials. 
Amongst numerous endoscopic indices claiming 

to measure disease activity, the UCEIS is one of the 
most widely validated indices to date. It would be 
interesting to see any impact of the quality of validation 
for defining remission and endpoints compared with 
the index, such as the UCDAI, that has not been fully 
validated yet being widely employed in clinical trials. For 
these reasons, these two indices were chosen for this 
systematic review.

UCEIS
The UCEIS proposed by Travis et al[14] in 2012 is the 
only validated endoscopic index in ulcerative colitis 
to date[15]. It was developed to minimise variation in 
endoscopic assessment, thus it could be widely applied 
as a reliable outcome measure in clinical trials as well as 
clinical settings.

The first stage of development of the UCEIS demon
strated the significant inconsistency in endoscopic 
assessment amongst specialists by 10 specialists 
scoring the severity of UC using the Baron score[16] in 
colonoscopy videos. The greatest correlation was found 
in the “severe” level of the Baron score, demonstrating 
a 76% agreement, however, only 27% agreement was 
achieved for a normal mucosa (Baron score 0) and 37% 
agreement for moderate friability (Baron score 2). 

The second part of the study further quantifies intra- 
and inter-observer variation on common descriptors on 
endoscopic assessments (Table 1). For intra-observer 
variation, 60 repeat pair assessment of 36 different 
videos were scored and assessed by κ statistics. For 
inter-observer variation, 30 new investigators were 
randomly allocated to score 25 videos, thus each video 
was assessed by 10-12 investigators.

Both intra- and inter-observer variation showed good 
agreement to assess erosions and ulcers, vascular pattern 
and bleeding, which were subsequently chosen for 
descriptors of a newly developed endoscopic assessment 
tool, the UCEIS (Table 2). 

The authors also proposes definition of remission using 
the UCEIS, which is when all three descriptors were level 
1 (no visible bleeding or erosions or ulceration, but some 
blurring or loss of capillary margins with a recognisable 
vascular pattern is allowed).

UCDAI 
The UCDAI (also called UC Disease Activity Index, and 
Sutherland Index) was introduced by Sutherland et al[17] 
to assess efficacy of 5-aminosalicylic acid enema in the 
treatment of distal UC in its randomized, double-blind 
clinical trial in 1987. 

The index was used for objective assessment during 
this drug trial and considers four variables of UC - stool 
frequency, rectal bleeding, mucosal appearance and 
physician’s rating of disease activity (Table 3). Unlike 
the UCEIS, the UCDAI was developed without any 
validated study. Although the authors described that 
the index incorporates many of the subscales used by 
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other investigators and demonstrated efficacy as an 
overall index and individual component subscale, they 
failed to demonstrate this with any form of statistical 
assessment. Furthermore, they also compared between 
the overall index and the physician’s global assessment 
by this drug trial study physician and concluded that 
the UCDAI demonstrates good correlation with the 
physician’s assessment (P = 0.0001). This conclusion 
fails to demonstrate objectivity although the authors’ 
fundamental aim of designing this index was to provide 
objective assessment. 

The UCEIS was developed based on components to 
minimise the variation identified in previous endoscopic 
assessment instruments. It has been validated from 
various angles at the time of designing, making it more 
reliable than traditional instruments. Conversely, the 
UCDAI was designed without any validated evidence to 
assess efficacy of a drug for treatment of UC. Yet, it has 
been widely used in numerous clinical trials for decades 
and even recommended by the FDA as one of the 
endoscopic assessment tools.

MATERIALS AND METHODS
A systematic bibliographic search was performed be
tween 10th and 14th November 2016 of the following 
online databases: OVID SP MEDLINE (1946 to present), 

Table 1  Descriptors and intra- and inter-observer variation

Descriptor Likert scale anchor 
points

Intra-observer 
variation

(a weighted k )

Inter-observer 
variation (a 
weighted k )

Vascular pattern Normal (1)
Patchy loss (3)
Obliterated (5)

  0.61   0.42

Mucosal 
erythema

None (1)   0.43    0.35
Light red (3)
Dark red (5)

Mucosal surface 
(Granularity)

Normal (1)   0.45    0.34
Granular (3)
Nodular (5)

Mucosal oedema None (1)   0.43    0.31
Probable (3)
Definite (5)

Mucopus None (1)   0.47  0.4
Some (3)
Lots (5)

Bleeding None (1)   0.57    0.37
Mucosal (2)

Luminal mild (3)
Luminal moderate (4)

Luminal severe (5)
Incidental 
friability

None (1)   0.49  0.4
Mild (2)

Moderate (3)
Severe (4)

Very severe (5)
Contact friability None (1)   0.34  0.3

Probable (3)
Definite (5)

Erosions and 
ulcers

None (1)
Erosions (2)   0.65    0.45

Superficial ulcer (3)
Deep ulcer (4)

Extent of 
erosions or 
ulcers

None (1) 0.6    0.42
Limited (2)

Substantial (3)
Extensive (4) 

Table 2  The ulcerative colitis endoscopic index of severity 
descriptors (maximum score = 8, Scoring is based on the 
most severe area)

Descriptors Likert Scale anchor 
point 

Definition 

Vascular pattern 0: Normal

1: Patchy obliteration 
2: Complete 
obliteration

Normal vascular pattern 
with arborisation of 

capillaries clearly defined, or 
with blurring or patchy loss 

of capillary margins

Complete obliteration 

Bleeding 0: None
1: Mucosa

2: Luminal mild

3: Luminal moderate 
or severe

Some spots or streaks of 
coagulated blood on the 

surface of the mucosa 
Some free liquid blood in the 

lumen
Frank blood in the lumen 

ahead of endoscope or visible 
oozing from a haemorrhagic 

mucosa
Erosions and 
Ulcers 

0: None 
1: Erosions 

None 
Tiny < 5 mm defects in the 
mucosa, of white or yellow 

colour with a flat edge
2: Superficial ulcer Larger > 5 mm defect in the 

mucosa, which are discrete 
fibrin-covered ulcers in 

comparison with erosions, 
but remain superficial

3: Deep ulcer Deeper excavated defects in 
the mucosa, with a slightly 

raised edge 

Table 3  Ulcerative colitis disease activity index (maximum 
score = 12)

Variables Score Items

Stool frequency 0 Normal
1 1-2 stools/d more than normal
2 3-4 stools/d more than normal
3 > 4 stools/d more than normal

Rectal bleeding 0 None
1 Streaks of blood
2 Obvious blood
3 Mostly blood

Endoscopic appearance 0 Normal
1 Mild friability
2 Moderate friability
3 Exudation, spontaneous 

bleeding
Physician global assessment 0 Normal

1 Mild
2 Moderate
3 Severe
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OVID EMBASE (1974 to present), National Library of 
Medicine’s PubMed Central MEDLINE (1950 to present), 
the Cochrane Library, using the key heading-words 
strategy set below and the medial subject heading. The 
bibliographies of recovered systematic review, meta-
analysis, and review articles were also searched for 
additional articles.

Each database was searched for the following 
headings: (1) Ulcerative colitis endoscopic index of 
severity: (“ulcerative colitis”) AND (“ulcerative colitis 
endoscopic index of severity” OR “UCEIS”) AND (“remi
ssion”); and (2) Ulcerative Colitis Disease Activity Index: 
(“ulcerative colitis”) AND (“Ulcerative colitis disease 
activity index” OR “UC disease activity index” OR “UCDAI” 
OR “Sutherland index”) AND (“remission”) 

Non-English articles, studies pertaining to paediatric 
subjects, and non-human subjects were excluded. Studies 
presenting data of patient populations already included in 
other publication (duplicates) were excluded. No abstract 
publications without subsequent full-text published data 
were used. Disagreements about inclusion were resolved 
in a consensus meeting.

RESULTS 

Ulcerative colitis endoscopic index of severity
A total of 37 articles were returned using the initial 
search. After applying exclusion criteria and eliminating 
duplication, 12 articles screened for relevance and 
manual search of articles referenced in the retrieved 
articles was performed. Nine articles were included in 
the final analysis for validation assessment of UCEIS 
and 3 articles were evaluated for the UCEIS use in 
clinical trials (Figure 1). 

UCDAI
A total of 116 articles were returned using the initial 
search, which was down to 37 articles after considering 
exclusion criteria and duplication. Four articles were 
identified for the final analysis of validation assessment 

and 29 articles were included to evaluate defining 
remission and endpoints of clinical trials (Figure 2). 

What do we need in outcome measurement 
instruments? 
The definition of disease remission has not yet been 
validated or standardised. Inevitably, implementing 
clinical scoring tools based on a broad definition of 
remission results in inaccuracy of outcomes, and 
a reduction in the utility of a derived tool. The gold 
standard for disease activity in UC must be a diagnostic 
tool that truly quantifies the disease activity and can 
accurately assess and therefore guide future disease 
managements and outcome. A robust and standardised 
outcome measurement instrument is vital for clinical 
trials and establishment of medical therapy, although 
many instruments are not fully validated. 

In this systematic review, validation of UCEIS and 
UCDAI studies were described by dividing into validity, 
reproducibility and responsiveness (Table 4). 

Validity: The diagnostic and prognostic validity of an 
assessment tool is defined as evidence that variations 
in UC disease activity causally produce variations in the 
measurement outcomes. This must be demonstrated 
by qualitative assessment and evidence of indices 
measuring disease activity adequately and sufficient 
reflection of true disease. The development of these 
indices should be supported by a robust systematic 
review of literature. Statistical studies of agreement 
between the indices and disease activity should be 
assessed including sensitivity and specificity. Validity of 
the correlation between an index score and objective 
assessment score including clinical disease activity 
index scores or physician global assessment of severity 
should be measured. Although there are many indices 
have been proposed the degree of validity for these 
indices vary, and many indices are not fully validated. In 
this study, UCEIS and UCDAI, one of the best validated 
indices and most widely used indices in drug trials 

Record identified through 
initial search (n  = 30) 

Articles manually added 
(n  = 7)

After duplications removed 
(n  = 8)

Articles screened for 
eligibility (n  = 13)

No full text available 
(n  = 16)

Studies included in 
Validation study

(n  = 9)

Retrospective study 
(n  = 1)

Clinical studies used the 
UCEIS 
(n  = 3)

Figure 1  PRISMA flow diagram for ulcerative colitis endoscopic index of 
severity. UCEIS: Ulcerative colitis endoscopic index of severity.

Record identified through 
initial search (n  = 116) 

Articles manually added 
(n  = 0)

After duplications removed 
(n  = 60)

Articles screened for 
eligibility (n  = 46)

No full text available, 
Non-English

(n  = 14)

Studies included in 
Validation study

(n  = 4)

Non-Randomised 
Clinical Trial Studies

(n  = 17)

Clinical studies used the 
UCDAI 

(n  = 29)

Figure 2  PRISMA flow diagram for ulcerative colitis disease activity index. 
UCDAI: Ulcerative colitis disease activity index.
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Table 4  Validation studies of ulcerative colitis endoscopic index of severity and ul-cerative colitis disease activity index

Ref. Patient number Outcomes

UCEIS
Validity Corte et al[18]   89 Correlation between UCEIS and outcomes

The UCEIS score was directly proportional to requirement of rescue therapy 
UCEIS ≥ 5 was significantly linked to requiring colectomy 18/54 (33%) patients with UCEIS ≥ 5 

compared to 3/33 (9%) with UCEIS ≤ 4
No definition of remission 

Fernandes et al[19] 108 Prediction of outcomes in acute severe colitis
UCEIS was applied to score of the rectum and sigmoid, seg-UCEIS

Seg-UCEIS predicted to develop steroid-refractory disease and the likelihood of colectomy (seg-
UCEIS = 14 had a 17 times higher risk of steroid-refractory disease and a 25 times higher risk of 

requiring colectomy)
Every 1 point increase in the UCEIS or Seg-UCEIS increased the need of colectomy by 2.78 and 1.79 

respectively
Mayo score did not predict these

No definition of remission  
Arai et al[20] 285 Reflection of true UC activity and remission

The recurrence rate was directly proportional to the UCEIS score (5.0% for UCEIS = 0, 22.4% for 
UCEIS = 1, 27.0% for UCEIS = 2, 35.7% for UCEIS = 3, 75% for UCEIS = 4-5) 

The absence of bleeding and mucosal damage were independent factors for continued clinical 
remission

UCEIS ranged from 0 to 5 when clinical remission, Mayo ≤ 1
UCEIS ≤ 1 for clinical remission, which showed sensitivity of 68% and specificity 57%

The expected duration of recurrence is also prolonged when UCEIS ≤ 1 
Kucharski et al[21]  49 Assessment of 9 endoscopic indices correlate well with (1) clinical indices; and (2) histological 

Geboes Index[22] 
The UCEIS showed the strongest correlation with the Geboes Index (the coefficient: 0.434 to 0.629)
Recommends the UCEIS for the best overall correlations with both clinical and histological indices 

Responsiveness Ikeya et al[23]  41 The ability to detect to change after Tacrolimus remission induction treatment for moderate to 
severe UC 

Although Mayo endoscopic score is easy to use, it does not distinguish depth of ulcers unlike 
UCEIS

Despite UCEIS score improved from 7 to 4, Mayo endoscopic score remained at 3 (severe)
An improvement of UCEIS ≥ 3 showed close correlation with clinical remission, colectomy-free 

and relapse free rates 
Proposed remission (score 0-1), mild (2-4), moderate (5-6), severe (7-8) 

UCEIS 1 in remission is only from vascular pattern 
Menasci et al[24]  80 Comparison of the global UCEIS score from 5 segments and a traditional method of UCEIS score

The regular method of the UCEIS is to score the most inflamed segment of the bowel
This was compared with the sum of the score of five colonic segments

A very good correlation (Spearman’s r = 0.86, P < 0.0001) for disease with UCEIS score ≤ 5
Less correlation (r = 0.48, P < 0.01) for disease with UCEIS > 5

Reliability Travis et al[15] Investigation of intra- and inter-observer consistency assessment 
25 readers evaluated 28 videos including 4 duplicates to assess intra-reader reliability

The intra and inter-reader reliability ratios for the UCEIS were 0.96 and 0.88 respectively
The USCEI revealed a strong correlation with overall assessment of severity without being 

influenced by knowledge of clinical information
No definition of remission 

Feagan et al[25] 281 The effect of centralized review of images on inter-observer variations
Patients with UCDAI ≥ 2 were randomised to evaluate the efficacy of delayed mesalamine 

treatment (4.8 g/d for 10 wk)
UCEIS was used as a part of inter-observer agreement study and showed interclass correlation 

coefficient of 0.83 amongst 7 central readers, which is superior to UCDAI 
Travis et al[26] Clinical information influences UCEIS score

40 readers evaluated 28 of 44 videos
No discrepancy between blinded and unblended readers

Intra- and inter-reader variability demonstrated moderate to substantial agreement (κ  = 0.47 to 0.74 
and κ  = 0.40 to 0.50 respectively)

UCEIS correlated well with patient-reported symptoms - rectal bleeding, stool frequency and 
patient functional assessment (rank correlation = 0.76 to 0.82)

UCDAI
Validity Higgins et al[27] 66 Finding endpoints in disease activity indices for remission and improvement in UC

UCDAI < 2.5 for remission, which had a sensitivity and specificity of 0.82 and 0.89
Remission in this study was defined by patients

Poole et al[28] 126 Establish the relationship between the UCDAI and patient reported EQ-5D
The UCDAI with or without endoscopy assessment demonstrated a good correlation with EQ-5D

 Endoscopy assessment may not link with the disease activity 
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respectively, were studied for their evidence of validity. 
The UCEIS is one of the well validated indices in many 

aspects. The authors have studied difficulties in stan
dardisation of the disease activity indices and defining 
remission in systematic reviews as well as reviews of 
literature prior to the development of the UCEIS[29,30]. The 
authors attempted to develop an index that minimises 
this variation by validating variation in endoscopic ass
essment of disease activity, which was described in 2.1. 
The study also suggested remission might be defined as 
no obliteration of vascular pattern, no rectal bleeding and 
no erosion or ulceration, although this has not been fully 
validated. 

Since the UCEIS was published in 2012, there are 
nine studies attempted to validate the UCEIS, of which 
four studies are focusing on validity. 

Corte et al[18] validated whether the UCEIS predicts 
clinical outcomes of acute severe colitis. 98 Patients 
with the UCEIS score from 3 to 8 were included in this 
study. It showed when UCEIS ≥ 5, 33% (18/54) of 
acute colitis patients required colectomy 18/54 (33%) 
whereas only 9% (3/33) of patients with UCEIS ≤ 4 
required surgical interventions. When the UCEIS score 
is above 7 at the time of admission, almost all patients 
required medical therapy more than hydrocortisone, 
such as infliximab or ciclosporin. It concluded that 
the higher UCEIS score is associated with higher 
requirement of rescue therapy, surgical intervention and 
readmission. 

Fernandes et al[19] identified patients with poor 
response to optimal therapy with 108 patients who are 
defined as acute severe colitis based on the Truelove 
and Witts criteria (the score ≥ 2). All the patients 
received intravenous prednisolone 40-60 mg/d, me
thylprednisolone 60 mg or hydrocortisone 400 mg/d. 
Patients who had not responded to the initial therapy 
within 3 d received salvage therapy, and their UCEIS 
scores ranged from 2 to 8. The study also divided the 
UCEIS scoring system to segmental bowel - rectum 
and sigmoid, which demonstrated a strong correlation 
between higher UCEIS score and unfavourable 
outcomes especially the UCEIS-segmental score 

predicted refractoriness to steroid therapy. The UCEIS 
was significantly better at predicting clinical outcomes 
than the Mayo endoscopic sub-score. 

Arai et al[20] attempted to foresee the prognosis 
of patients with UC who are in clinical remission. 285 
patients who are in clinical remission (partial Mayo score 
of ≤ 1) were included in the study. The UCEIS score of 
these patients with clinical remission ranged from 0 to 5, 
of which 92% received a UCEIS score of 2 or 3. These 
scores are higher than a suggested score for clinical 
remission. The study demonstrated the recurrence risk 
is direct proportional to the UCEIS score - the recurrence 
rate of 5.0% for UCEIS = 0, 22.4% for UCEIS = 1, 
27.0% for UCEIS = 2, 35.7% for UCEIS = 3, 75% for 
UCEIS = 4-5. The study also highlighted the absence 
of bleeding and mucosal damage being independent 
factors for clinical remission. The duration of recurrence 
was also significantly prolonged in patients with lower 
UCEIS score. The study presented validity of the UCEIS 
with its predictability of clinical outcomes. Furthermore, 
it suggests UCEIS ≤ 1 for clinical remission based 
on the direct correlation between the recurrence rate 
and the UCEIS, which showed sensitivity of 68% and 
specificity 57%. 

Kucharski et al[21] assessed correlations between 
9 endoscopic indices and 11 clinical activity indices. 
The author also assessed correlations between those 
endoscopic indices and the histological Geboes index[22]. 
Nine endoscopic indices used are Baron score[16], Powell-
Tuck Score[31], Schroeder Score[32], UCDAI, Rachmilewitz 
Endoscopic Index[33], LÖtberg Score[34], Lemann Endos
copic Index[35], Feagan Score[36] and UCEIS. Eleven  
clinical activity indices are Truelove and Witts Severity 
Index[3], Powell-Tuck Index[31], Schroeder Score[32], UCDAI, 
Rachmilewitz Index[33], Lichtiger Index[37], Seo Score[38], 
Walmsley Index[39], Improvement Based on Individual 
Symptom Scores (IBOISS)[40], Feagan Score[36] and 
Montreal Classification of Severity of Ulcerative Colitis[41]. 

The correlations between clinical and endoscopic 
indices were evaluated using Spearman’s ranking 
correlation coefficient. The Rachmilewitz Index showed 
strong correlations with 5 clinical activity indices (UCDAI, 

Kucharski et al[21] 49 Assessment of 9 endoscopic indices correlate well with (1) clinical indices; and (2) histological 
Geboes Index (22)

The UCDAI showed strong correlations with all 9 endoscopic indices (the coefficient in a range of 
0.712 to 0.790)

The UCDAI showed the highest correlation amongst clinical activity indices with the Geoboes 
Index (the Spearman’s coefficient 0.478)

Compared to UCEIS, the UCDAI is less correlated with the Geboes Index 
Reliability Feagan et al[25] 281 The effect of centralized review of images on inter-observer variations

Patients with UCDAI ≥ 2 were randomised to evaluate the efficacy of delayed mesalamine 
treatment (4.8 g/d for 10 wk)

31% of patients with UCDAI ≥ 2 enrolled in the RCT initially were considered ineligible by the 
central readers

Inter-observer agreement amongst 7 central readers was good (interclass correlation coefficient: 
0.78) 

UC: Ulcerative colitis; UCEIS: Ulcerative colitis endoscopic index of severity; Seg-UCEIS: The sum of the rectal and sigmoid segmental UCEIS score; 
UCDAI: Ulcerative colitis disease activity index; EQ-5D: EuroQoI Five Dimensions Questionnaire; RCT: Randomised control trial.
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Truelove and Witts, Schroeder Score, IBOISS and 
Feagan Index) with the correlation coefficient ranging in 
0.710-0.788. The UCEIS also showed high correlations 
with the UCDAI, Schroeder Score, IBOISS and Feagan 
Index, the coefficient ranging from 0.722 to 0.761. 
When the correlations between clinical indices and the 
Geboes Index were assessed, all clinical indices showed 
low correlations, whereas all endoscopic indices showed 
better correlations with the histological Geboes Index. 
To evaluate correlations with endoscopic indices, all 
endoscopic indices were scored at four colonic seg
ments right colon, transverse colon, left colon and 
rectum. The highest correlations were seen with the 
UCEIS at all four segments (the coefficient ranging from 
0.434 to 0.629). The authors conclude that the UCEIS 
is the most effective endoscopic outcome measure 
instrument when considering correlations of both clinical 
and histological indices. In contrast, the UCDAI showed 
moderate correlations with rectal and transverse colonic 
segment with the Geboes Index with 0.651 and 0.534 
respectively, though the correlations with other two 
segments were low with 0.428 for left colon and 0.459 
for right colon. 

Although the UCDAI has been widely used especially 
in multiple and large clinical trials, the study focused on 
validation of this index is much less compared to the 
UCEIS. The UCDAI was developed to assess the efficacy 
and safety of 5-aminosalicylic acid enema use for 
patients with UC[17]. The UCDAI claim to assess disease 
activity from four descriptors - stool frequency, rectal 
bleeding, mucosal appearance and physician’s global 
assessment of the disease. Although the description 
of each scoring system is simple to understand, it 
cannot avoid subjectivity without clear definition of each 
item. In particular, physician’s global assessment is far 
from being objective. Furthermore, the supposedly 
objective endoscopic assessment is scored based on 
severity of “friability”. Yet again, this friability without 
clear definition cannot avoid subjectivity, meaning it is 
exposed to greater inter- and intra-observer variability. 

Higgins et al[27] defined objective end points in 
disease activity indices including UCDAI for remission 
and improvement in UC. This study was conducted on 
66 patients with UC and their subjective dichotomous 
assessment of remission and regulatory remission were 
compared with the UCDAI. Regulatory remission was 
defined as (1) no more than grade Ⅰ or Ⅱ changes on 
a Feagan endoscopic score; and (2) absence of visible 
rectal bleeding in this study. It suggests the cut off point 
for clinical remission of the UCDAI is below 2.5, offering 
good statistical power - sensitivity and specificity is 0.82 
and 0.89 for patient defined remission and 0.92 and 0.93 
for regulatory remission. Patient-defined dichotomous 
end points may be over-simplification, however, as 
it is clinically significant outcomes that determines 
if therapies are perceived as beneficial by patients. 
Regardless of physicians’ objective assessment, patients 
with the disease are those that must agree with it in 
order to gain benefit in receiving therapies. 

Poole et al[28] designed a new patient-reported disease 
assessment instrument, EuroQoI Five Dimensions 
Questionnaire (EQ-5D), for which the UCDAI was used to 
validate the instrument. Although validation of the UCDAI 
was not the aim of this study, the correlation between 
physician-rated and patient-rated instruments was 
elaborated. The study concluded that the abbreviated 
UCDAI (without endoscopic assessment component) and 
EQ-5D showed reasonable consistency when severity of 
the disease was measured in two randomised studies 
(PINCE[42] and PODIUM[43]). Goodness of fit was verified 
by the mean square error for mean predicted utility 
score. This showed patients in remission was 0.939, 
0.944 and 0.940 mean utility units for estimated-PINCE, 
observed-PINCE and PODIUM. 

Comparison of these two very different outcome 
measure instruments highlighted two incomparable 
benefits when they are chosen for clinical trials. The 
UCEIS is extensively validated and development of the 
index is based on robust studies, whereas the UCDAI 
is deigned based on expert opinion on the disease. 
However, the UCDAI is more widely used in clinical 
trials. This makes the choice of an index for future 
clinical trial studies more difficult when the clinical 
benefit was considered. In this systematic review, only 
two indices are compared. With current inconsistent 
use of measurement instruments and non-standardised 
definition of remission, the choice is almost impossible. 

Responsiveness: Responsiveness is assessed in this 
systematic review as the ability to detect changes after 
a treatment that has known efficacy. 

Ikeya et al[23] investigated true evaluation of UC 
severity and outcome after Tacrolimus remission in
duction therapy using the UCEIS as well as Mayo 
endoscopic subscore (Mayo ES) with 41 patients who 
are known to have moderate to severe disease. 

In this study, clinical remission was defined as 
clinical activity index (CAI) ≤ 4 and a reduction of CAI 
score more than 4 was defined as clinical response. On 
the contrary, an increase of CAI score more than 4 was 
defined as relapse. 

After 12 wk from the treatment, 31 patients (75.6%) 
successfully achieved clinical remission [defined as 
clinical activity index (CAI) ≤ 4] and 3 patients did not 
respond. Overall the UCEIS and Mayo ES showed close 
correlations, however, when the Mayo ES was 3, there 
was prominent discrepancy between the two indices. 
The UCEIS score equivalent to Mayo ES 3 ranged from 
5 to 8 pre-treatments and 3 to 7 post-treatments. This 
was believed to be due to a lack of ability to distinguish 
characteristics of ulcers, vascular patterns or bleeding 
with the Mayo ES. For instance, ulcers and erosions 
often become smaller and shallower in the early 
phases of mucosal healing. Since the Mayo ES does 
not distinguish the size and depth of ulcers, it tends 
to stay with the same score, meaning the Mayo ES 
score is 3 for all types of ulcers. Furthermore, the Mayo 
ES combine all those macroscopic findings of ulcers, 
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vascular pattern and bleeding into four different overall 
grades. This means if there are ulcerations of any 
shape, the Mayo ES score becomes 3, even if vascular 
pattern disturbance is resolved. 

The study also demonstrated significantly better 
relapse-free and colectomy-free rates when the UCEIS 
score was improved by more than 3. In addition, 
improvement by a UCEIS score of more than 3 was 
strongly associated with achieving clinical remission 
group (23 out of 41 patients). 

Menasci et al[24] evaluated to see whether the 
global score of the sum of 5 colonic segments (rectum, 
sigmoid, descending, transverse, and ascending colon), 
abbreviated as tU score, would alter the outcome score 
when it is compared with the regular method of UCEIS 
scoring, which is to score the most inflamed colonic 
segment. The two scores showed a good correlation 
with Spearman’s r = 0.86 and P value less than 0.0001 
for less severe disease UCEIS ≤ 5. However, correlation 
is substantially decreased for severe disease (UCEIS > 
5) with Spearman’s r = 0.48 and P < 0.01. Moreover, 
when these two scoring methods were applied to assess 
patients with a flare-up at 1 year, tU score was more 
sensitive than the regular UCEIS score with area under 
ROC curve = 0.688 ± 0.06 vs 0.60 ± 0.07 and P < 0.01. 
The tU score was also significantly higher when patients 
with and without a flare-up at 1 year were assessed, 
whereas the regular UCEIS score did not differ (25.3 ± 
8.2 vs 20.1 ± 6, P < 0.005). This concluded that the 
evaluation of disease by full colonoscopy with multiple 
segments may provide the more accurate method to 
evaluate disease activity. 

Overall, the study concluded that the UCEIS con
firmed better responsiveness than the UCDAI, and it 
is superior to describe accurate endoscopic findings 
in patients with severe UC. This responsiveness can 
be crucial in clinical trials since duration of primary 
endpoints in many clinical trials is approximately 12 
wk[44]. Thus, indices that allow to capture small but 
vital improvement that reflects on disease outcome is 
essential to clinical trials. 

Reliability: Despite mucosal healing becoming the 
goal for management for UC, the most critical limitation 
of endoscopic assessment is its inherent intra- and 
inter-observer variations[6,45-47]. Reliability is evaluated 
with inter- and intra-observer reliability as well as 
internal consistency. The leading author of the UCEIS 
led another study to investigate reliability in different 
aspects. 

The first study published in 2013 investigated 
intra- and inter-observation reliability[15]. Twenty-five 
readers from 14 countries were recruited in this study, 
who evaluated 28 videos. To quantify intra-observer 
reliability, 4 duplicated videos were included. For inter-
observer reliability, all readers were trained to ensure 
consistent understanding and use of the scoring 
system. Internal consistency was measured using the 
Cronbach’s coefficient alpha, which was 0.863 for the 

overall UCEIS - bleeding 0.80, vascular pattern 0.83, 
and ulcers and erosions 0.79. 

The study found that the intra and inter-observer 
reliability ratios for the UCEIS were 0.96 and 0.88 
respectively. Intra-observer agreement static was 
calculated with kappa, which was 0.72, with individual 
descriptors ranging from 0.47 (for bleeding) to 0.87 (for 
vascular pattern). Inter-observer agreement statistic 
was slightly lower at 0.50, with individual descriptors 
ranging from 0.48 (bleeding) to 0.54 (vascular pattern). 
Additionally, these observer reliabilities were compared 
with readers who were given clinical information at 
the time of the video readings, which determined no 
apparent bias by clinical information. 

To evaluate the impact of clinical information on 
UCEIS scores, the author also undertook another study 
in 2015[26]. The study invited 40 readers from various 
countries who were experienced with endoscopic 
assessment. Each reader was divided into two groups 
(with and without clinical information) and conducted 
evaluation of a random 28 from 44 videos, which had 
not been used in the previous study. Furthermore, 
4 videos included misleading information in order to 
ensure disparity between endoscopic assessment and 
clinical information. 

This study showed there is no impact of clinical 
information on mean UCEIS scores. They were almost 
identical whether readers had knowledge of patient’s 
clinical information and the median SD was 0.94 for 
blinded and 0.93 for unblinded. The SD was low for 
videos with severe disease. 

Intra- and inter-observer agreement of the blinded 
and unblinded readers was also evaluated. Intra-
observer agreements for bleeding and vascular pattern 
were very similar for the two groups, whereas that for 
erosions and ulcers just reached to statistical signifi
cance with kappa of 0.47 for blinded and 0.74 for 
unblinded. 

The study also extended to compare the UCEIS with 
other indices and patient-reported symptom scoring 
systems. The full Mayo Clinic Score (MC)[32], partial MC 
(excluding endoscopic subscore)[48], patient-reported 
stool frequency and rectal bleeding subscore, patient 
functional assessment score and Feagan score were 
compared with the UCEIS as well as Feagan Score[36]. 
This showed the UCEIS is significantly superior to the 
Feagan Score including patient-reported symptom 
subscore. This implies that the UCEIS alone may be 
sufficient for outcome measurement in clinical trials. 

The only inter-observer and central reader variations 
study on UCDAI also referred to UCEIS[25]. The authors 
investigated the role of central readers to minimise inter-
observer variations, which may contribute to false re
sponses to placebo in UC trials. They conducted a 10-wk 
randomised double-blinded placebo-controlled study on 
patients with UC who scored UCDAI ≥ 2. 

Three hundreds and forty-three patients, who were 
initially assessed by site investigators, were enrolled to 
the randomised clinical trials. Clinical remission (UCDAI, 
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stool frequency and bleeding scores of 0) was achieved 
by 30.0% of patients treated with mesalamine and 
20.6% of those with placebo. However, when those 343 
were re-assessed by 7 central-readers, 31% of those 
patients were in fact ineligible as they scored lower 
than 2. Furthermore, this altered the remission rate 
to 29.0% and 13.8% in the mesalamine and placebo 
groups respectively. In conclusion, this study suggests 
robust methodology for future clinical trials in UC to avoid 
misleading results. 

The authors also extended the study to quantify the 
inter-observer variation amongst 7 central readers using 
UCDAI, UCEIS, Feagan score, visual analogue scale. Of 
those indices, UCEIS demonstrated the highest interclass 
correlation coefficient with 0.83 and UCDAI was 0.79. 
The authors concluded that this might be attributed to no 
friability assessment in UCEIS, which is the commonest 
source of disagreement between central and site readers 
in this study. 
 
What is remission in UC?
Definition of remission: Remission rates can vary 
by more than two-fold depending on the definition 
of remission used for data analysis[49]. In addition to 
uncertainty about standardisation of disease activity 
measurement, disease remission has also never been 

conclusively defined or validated. Defining disease 
remission should be the fundamental starting point of 
studying therapeutic efficacy and disease monitoring, 
before standardising how to measure disease activity. 

Definitions of remission in UC vary depending on 
users, settings and the purpose of monitoring the disease 
activity. The definition of remission used in clinical practice 
and by the patient is often different from that used in 
clinical trials. Remission, clinical remission, complete 
remission, partial remission, clinical response, mucosal 
healing or remission, corticosteroid-free remission, 
registration remission are frequently employed terms 
used in clinical practice by healthcare professionals and 
patients, although these terms are used interchangeably 
and variably without strict definition, including in clinical 
trials. 

Table 5 is a summary of definitions of remissions in 
UC defined by large regulatory bodies and guidelines. 
All guidelines mention remission to manage disease, 
however, few guidelines explicitly define remission. The 
American College of Gastroenterology is no exception, 
though it controversially states that, “practical therapeutic 
end point, endoscopic demonstration of mucosal healing 
is not usually necessary for a patient who achieves clinical 
remission”. The FDA recommends a primary endpoint 
of clinical remission, and clinical remission is defined 

Table 5  Definitions of remission in ulcerative colitis

Guidelines Definition 

FDA[5] Clinical remission 
Mayo score of ≤ 2 with no individual subscore > 1
Rectal Bleeding subscore = 0
Stool Frequency subscore = 0 (at least one point decrease in Stool Frequency subscore from baseline and achieved 1 is 
considered)
Endoscopy subscore = (Mayo score: 0 or 1, UCDAI = 0) 
Clinical response
Reduction in Mayo score ≥ 3 and ≥ 30% from baseline with Rectal Bleeding subscore ≤ 1
Corticosteroid-free remission
Clinical remission in patients using oral corticosteroids at baseline who have discontinued them and are in clinical 
remission at the end of the study 

World Gastroenterology 
Organisation 

Clinical remission 
UCDAI ≤ 2 (2010 World Gastroenterology Organisation Practice Guideline)[50]

Corticosteroid-free remission
Decreasing the frequency and severity of recurrence and reliance on corticosteroids

International Organisation 
for the Study of IBD

End points = induction of remission = mucosal healing[12]

The absence of friability, blood, erosions and ulcers in all visible segments 
No mention of clinical symptoms 

American College of Gastro
enterology
British Society of Gastro
enterology
European Crohn’s and Coli
tis Organisation

No clear definition[51]

No clear definition[52]

Remission[53]

A complete resolution of symptoms and endoscopic mucosal healing
Not been a fully validated definition of remission
Suggest the best way forward is a combination of 
Stool Frequency ≤ 3
No rectal bleeding
Normal or quiescence mucosa at endoscopy
Clinical response
Clinical and endoscopic response depending on the activity index
Generally, a decrease in the activity index > 30% plus a decrease in the rectal bleeding and endoscopic subscores

UCDAI: Ulcerative colitis disease activity index;  IBD: Inflammatory bowel disease; FDA: Food and Drug Administration.
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as follows[5]: Rectal Bleeding subscore = 0: (1) Stool 
Frequency subscore = 0 (or stool frequency subscore 1 
is considered if at least one point improvement in Stool 
Frequency subscore from baseline); and (2) Endoscopy 
subscore 0 on UCDAI.

It also describes mucosal healing should not be 
supported from macroscopic appearance of the mucosa 
through endoscopy. However, the FDA further describes 
that there are no criteria for histological assessment of 
mucosal healing due to a lack of validated gold standard 
histological scoring systems. 

The European Crohn’s and Colitis Organisation 
(ECCO) more realistically states in their guidelines for 
patients in UC that there is no fully validated definition 
of remission. 

How indices are used in clinical trials and defining 
remission endpoints: Since there is no gold-standard 
outcome measurement instruments in UC, many 
clinical trials have employed instruments depending on 
its application. Classic disease activity measurement 
instruments have been recently challenged by the 
FDA because of the significant effect of their subjective 
components affecting reproducibility. Even the traditionally 
promoted indices used by the FDA (Mayo Score and 
UCDAI) contain physician global assessment, which is 
highly sensitive to bias. The FDA suggests the primary 
endpoint should be achieved by endoscopic as well as 
clinical outcome, however, the difficulty in this is that 
these symptoms do not necessarily occur simultaneously 
with symptom control, especially where stool frequency 
and abdominal pain are considered. Nevertheless, 
these symptoms affect patients’ quality of life. There 
are therefore further hurdles to overcome before 
standardisation of endpoint definition in UC[44]. 

In this systematic review, remission endpoints were 
investigated by studying the application of the UCEIS 
and UCDAI in clinical research and therapeutic trials 
(Tables 6 and 7). There are only three clinical research 
identified which applied the UCEIS for disease outcome 
measure and defined remission. Furthermore, only one 
randomised clinical trial has chosen the index for its 
outcome measurement instrument so far[54]. 

The trial was the first-in-human trial of AVX-470, 
which is a bovine-derived, orally-administered, anti-
tumour necrosis factor (TNF) antibody, that works 
to intestinal mucosal tissue with minimal systematic 
effects. TNF is upregulated in the colonic mucosa in 
UC and believed to play a pathological role by loss of 
mucosal barrier integrity[57]. AVX-470 reduces levels of 
TNF protein in mice models, thus correcting immune 
dysregulation. In this study, the UCEIS was used to 
assess endoscopic response to treatment along with the 
total Mayo score and sub-scores. 

This study successfully correlates between UCEIS 
scores and TNF immunohistochemistry scores at 
baseline. Further, it found that TNF staining was signifi
cantly reduced in proximal and distal segments of 
bowel, whereas the UCEIS changes were more apparent 
in proximal segments than distal ones. Although the 
study described achieving clinical remission, this was 
never defined. 

The UCEIS was used for endoscopic assessment 
in a prospective study to quantify faecal calprotectin 
in patients with UC[55]. The authors used Quantum 
Blue Calprotectin High Range Rapid Test (Buhlmann 
laboratories AG, Schonenbuch, Switzerland) for fa
ecal calprotectin measurement tools in this study. 
Interestingly, the authors defined endoscopic remission 
when the UCEIS < 3. They also concluded that faecal 
calprotectin and CRP were both well correlated with the 
UCEIS (the Spearman correlation coefficient is 0.696 
and 0.581 respectively). Moreover, they concluded that 
when a cut-off faecal calprotectin of 191 μg/g is set, 
this could predict endoscopic remission and mucosal 
remission (UCEIS < 3) with 88% sensitivity and 75% 
specificity. However, when UCEIS < 1 clinical remission 
proposed by other authors[14,23] is applied, faecal 
calprotectin would be lower than 191 μg/g. This could 
lead to underestimate patients who should be treated. 

The largest patient population study that used 
the UCEIS is a cross-sectional, multi-centre study, 
ACERTIVE study[56]. The aim of this study was to 
evaluate potential applications of biomarkers (faecal 
calprotectin and neutrophil gelatinase B-associated 
lipocalin) as disease activity measuring instrument 

Table 6 Clinical studies measured with the ulcerative colitis endoscopic index of severity

Ref. Year Type of study Drug/subject 
of study

Entry criteria Primary endpoint Secondary 
endpoint

Remission/clinical 
improvement 

Length of 
study 

Hartman et 
al[54]

2016 Randomised, double-
blind, placebo-

controlled study

AVX-470, oral 36 patients with 
Mayo score 5-12 and Mayo 

ES ≥ 2 

Not set, but implies 
clinical response at 

week 4

Not set Remission was not 
defined. 

Clinical response  
Mayo reduction ≥ 3

4 wk 

Lin et al[55] 2015 Prospective, multi-
centre study 

Faecal 
calprotectin 

52 patients with UC N/A N/A Endoscopic remission: 
UCEIS < 3 

N/A 

Magro et 
al[56]

ACERTIVE 
study 

2016 Cross-sectional 
multi-centre study

Faecal 
calprotectin/ 

lipocalin 

371 patients
Mayo partial score < 2, 

montreal classification < 2

Remission: UCEIS ≤ 1
Mucosal healing: Mayo 

ES = 0

UCEIS: Ulcerative colitis endoscopic index of severity; UC: Ulcerative colitis; ES: Endoscopic subscore; N/A: Not available.
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Table 7  Randomised clinical trials measured with the ulcerative colitis disease activity index

Ref. Year Drug Entry criteria Primary endpoint Secondary endpoint Remission/clinical improvement Length 
of study 

Randomised 
clinical trials 
- to induce 
remission 
Mesalazine 
(5-ASA)
  Marteau et 
  al[58] 

2005 Pentasa (PR + 
PO vs PO alone)

UCDAI: 3-8 Remission at week 4 Remission rate at week 8
Improvement at week 4 

and 8

Remission: UCDAI ≤ 1
Clinical improvement: A 
decrease of UCDAI ≥ 2

8 wk

  D’Haens et
  al[59]

2006 SPD476 - MMX 
mesalazine 

UCDAI: 4-10 + 
endoscopic score ≥1

PGA score ≤ 2

Remission Change in UCDAI, FS, 
histology at week 8

Change in symptoms

Remission: UCDAI ≤ 1 (with RB 
0, SF ≤ 1 ) at week 8

8 wk

  Sandborn et
  al[60] 

2007 MMX Multi 
Matrix System 

mesalazine

UCDAI: 4-10 + 
endoscopic score ≥1

PGA score ≤ 2 

Clinical/endoscopic 
remission at 8 wk

Proportion of clinical 
improvement

Proportion of patients as 
treatment failure

Change in: RB, SF, FS 

Clinical remission: UCDAI ≤ 1
Endoscopic remission: UCDAI 

endoscopic subscore ≤ 1
Clinical improvement: A 
decrease of UCDAI ≥ 3

Treatment failure: Unchanged or 
worsened UCDAI

8 wk

  Lichtenstein
  et al[61]

2007 SPD476 - MMX 
mesalazine 
OD vs BD

UCDAI: 4-10 Clinical and 
endoscopic 

remission at week 8

Comparison of remission 
rate at week 8

Clinical remission: UCDAI ≤ 1 
with RB/SF/EI = 0 

8 wk 

  Kamm et al[62,63] 
MEZAVANT
 study

2007
2009

MEZAVANT
MMX 

Mesalamine

Mild - mod UC: 
UCDAI 4-10 + 

endoscopic subscore 
≥ 1, PGA ≤ 2

Clinical + 
Endoscopic 

remission at week 8

Clinical remission
Clinical improvement

Change in UCDAI

Clinical + endoscopic remission: 
UCDAI ≤ 1 + subscore RB/SF = 
0, No mucosal friability + a ≥ 1 

reduction in EI 
Clinical improvement: Decrease 

in UCDAI ≥ 3

8 wk 

  Ito et al[64] 2010 Asacol vs 
PentasaTime-
dependent vs 

pH dependent 
Mesalamine

UCDAI: 3-8 and 
blood stool score ≥ 

1

To demonstrate 
Asacol over Pentasa 
AND the decrease 

in UCDAI

Macroscopic changes Remission: UCDAI ≤ 2 and no 
blood diarrhoea

Clinical improvement: UCDAI 
decreased by ≥ 2

8 wk 

  Hiwatashi et
  al[65]

2010 Mesalazine - 
dose study

UCDAI: 6-8 Change in UCDAI 
at week 8

Remission, improvement, 
efficacy 

Remission: UCDAI ≤ 1
Efficacy: Decrease of UCDAI ≥ 2

8 wk

  Flourié et 
al[66]

  MOTUS
  study

2013 Mesalazine, 
Pentasa

OD or BD in 
total of 4 g/d

UCDAI: 3-8 UCDAI ≤ 1 after 8 
wk

Complete remission 
(UCDAI = 0) at 8 wk

UCDAI decreased by ≥ 
2 at 8 wk

Clinical remission at 
week 4, 8, 12

Mucosal healing at 8 wk

Complete remission: UCDAI = 0
Endoscopic remission: 

UCDAI endoscopic subscore: 0 
or 1

Clinical remission:
UCDAI ≤ 1 

12 wk

  Probert et 
al[42]

  PINCE 
  study

2013 Mesalazine 
(pentasa) enema 

UCDAI: 3-8 Remission rate 
(UCDAI < 2) at 4 

wk

Remission rate at 8 wk, 
improvement at week 2, 

4 and 8
Time to cessation of RB

QoL (EQ-5D)

Remission: UCDAI ≤ 1
Clinical improvement: UCDAI 

decreased by ≥ 2

8 wk

  Sun et al[67] 2016 Mesalazine 
(modified-
release vs 

enteric-coated 
tablets)

UCDAI: 3-8 + 
bloody stool score > 

1

The decrease in 
UCDAI

 Remission rate
Efficacy rate

Remission: UCDAI ≤ 2 + bloody 
stool 0

Clinical improvement: A 
decrease of UCDAI ≥ 2 

8 wk

  Suzuki et
  al[68]

2016 pH dependent 
release 

mesalamine, 
asacol
dose

UCDAI: 6 - 10
Rectal bleeding score 

≥ 1

Decrease in UCDAI Remission: 
UCDAI ≤ 2 

Rectal bleeding score: 0
Improvement

      UCDAI decreased by ≥ 2

8 wk 

Thiazole 
compounds
  Mantzaris et
  al[69]

2004 Azathioprine 
alone (2.2 
mg/kg) vs 

combination 
with olsalazine 

(0.5 g TID)

Steroid-dependent 
remission

Relapse rate Time to relapse
Time to discontinuation

Severity of relapse

Remission: UCDAI ≤ 1
Relapse: New symptoms + 

UCDAI > 3

2 yr
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in patients with asymptomatic UC. The UCEIS and Geboes index[22] were applied for macroscopic and 

  Schreiber et 
  al[70]

2007 Tetomilast 
- Thiazole 
compound 

UCDAI: 4-11 Clinical 
improvement: 

UCDAI decreased 
by ≥ 3 at 8 wk

Remission
Clinical improvement at 

week 4
IBDQ-32 score

Proportion of pts with 
improved Flexible 

Sigmoidscopy score
Time to clinical 
improvement

      Time to remission

Clinical improvement: 
UCDAI decreased by ≥ 3

Remission: 
UCDAI ≤ 1 

8 wk

Steroids
  Travis et al[71]

  CORE Ⅱ 
  study 

2012 Budesonide 
MMX

UCDAI: 4-10 Clinical/endoscopic 
remission at week 8

Clinical improvement 
Endoscopic improvement 

at week 8

Clinical/endoscopic Remission: 
UCDAI ≤ 1 + RB/SF/EI = 0

Clinical improvement: A 
decrease of UCDAI ≥ 3

Endoscopic improvement: A 
decrease of EI ≥ 1

8 wk

Probiotics
  Vernia et 
  al[72]

2000 Sodium 
Butyrate

Mild-moderate UC Remission 
or marked 

improvement 

Remission: UCDAI ≤ 2
Positive response: Decrease of 

UCDAI ≥ 2 

6 wk

  Mahmood et 
  al[73]

2005 Human 
recombinant 

trefoil factor 3 
enema

UCDAI: >3 Remission at week 2 Clinical significant 
improvement in clinical 

and histological scores at 
2 and 4 wk 

Remission: UCDAI ≤ 1 without 
RB

Clinical improvement: A 
decrease of UCDAI >3

4 wk 

  Lichtenstein 
  et al[74]

2007 Bowman-
Birk inhibitor 
concentrate - 

soy extract with 
high protease 

inhibitor 
activity 

UCDAI: 4-10 Remission at week 8 Remission: UCDAI ≤ 1 + no RB 
or SF

Clinical improvement: UCDAI 
decrease ≥ 1

  Tursi et al[75] 2009 VSL #3 
(probiotic)

UCDAI 3-8, 
endoscopic subscore 

≥ 3

Decrease in UCDAI 
of ≥ 50% 

Activity of relapsing UC
Remission

Improvement
Change in objective and 

subjective symptoms

Remission: UCDAI ≤ 2 8 wk

  Sood et al[76] 2009 VSL #3 
probiotic

UCDAI 3-9 with 
endoscopic subscore 

≥ 2

Clinical 
improvement at 

week 6

Clinical remission Clinical remission: UCDAI ≤ 2
Clinical improvement: A 
decrease UCDAI by 50% 

12 wk

  Tamaki et 
  al[77]

2016 Bifidobacterium 
longum 536 
(probiotic)

UCDAI 3-9 Change in UCDAI Remission
Improvement of 

Objective and subjective 
symptoms

Endoscopic improvement 
in Mayo subscore

Remission: UCDAI ≤ 2 8 wk

  Helminth 
  therapy 
  Garg et 
  al[78]

2014 Helminth 
Trichuris suis 

ova

UCDAI of ≥ 4 Clinical 
improvement

Clinical remission Clinical improvement: Decrease 
in the UCDAI of ≥ 4

Clinical remission: UCDAI of ≤ 
2

12 wk

Nicotine therapy 
  Ingram et
  al[79]

2005 Nicotine enema 
6 mg/d 

Confirmed UC with 
inflamed mucosa 
grade > 2

Clinical remission Improvement in the 
UCDAI 

Clinical remission: UCDAI EI ≤ 
1 and No RB for 1 wk

6 wk 

Randomised clinical trials - to maintain remission 
  Lichtenstein 
  et al[80-82]  and
   Zakko et 
  al[83]

2010
2012
2015
2016

Mesalamine 
granules 1.5 

g/d, OD

Previously achieved 
remission with 

steroids for > 1 mo 
and < 12 mo

Percentage of 
patients relapse-free 

at 6 mo 

Mean changes from 
baseline at month 6

Relapse: UCDAI RB ≥ 1 and EI 
≥ 2

Remission: UCDAI RB = 0, EI < 2

6 mo

  Bokemeyer 
  et al[43]  and
  Dignass et 
  al[84]

2009
2011

Mesalazine, 
Pentasa

OD or BD in 
total of 2 g/d

Clinical remission: 
UCDAI < 2

To demonstrate OD 
is not inferior to BD

Time to relapse
between 2 groups

UC-DAI total
and subscores between 2 

groups 

Remain in remission UCDAI ≤ 2 12 mo 

RB: Rectal bleeding; SF: Stool frequency; EI: Endoscopic index/subscore; OD: Once daily; BD: Twice daily; TID: Three times daily; UCDAI: Ulcerative colitis 
disease activity index; QoL: Quality of life.
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microscopic assessment respectively. Nine percent of 
the asymptomatic patients had active disease with 
UCEIS > 2. Twenty-one percent of the asymptomatic 
patients presented with Geboes index > 3. One point 
fifteen percent and 5% of the patients presented with 
focal and diffuse basal plasmacytosis, respectively. 
Patients with asymptomatic disease indeed showed 
presence of macroscopic as well as microscopic disease. 
Furthermore, 50% of patients who scored a UCEIS < 
2 and 15% of patients who were considered to have 
achieved mucosal healing (Mayo ES = 0) had diffuse 
basal plasmacytosis. These results support the previous 
published notion that macroscopic findings are not 
sufficient to define remission or endpoint[9]. 

Both biomarkers predicted mucosal healing as well 
as histological remission with satisfactory probability 
of 75%-93%. The authors proposed a cut-off figures 
of 150-250 μg/g for faecal calprotectin and 12 μg/g for 
lipocalin. This range of cut-off level for faecal calprotectin 
is due to the application of two faecal calprotectin 
measurement tools (Quantum Blue Calprotectin High 
Range Rapid Test and Automated Fluroimmunoassay-
EliA Test) from stool samples. Although this proposed 
cut-off point for faecal calprotectin for clinical remission 
is a similar value with the Taiwan group[55], the defined 
remission show variance as the Taiwan group set UCEIS 
< 3 for remission whereas ACERTIVE study used UCEIS 
≤ 1. Although it is only one score difference, this can 
be of significance for disease outcome. As Arai et al[20] 
concluded, the recurrence rate was directly proportional 
to the UCEIS score. The recurrence rate for UCEIS 1 
disease is 22.4%, whereas UCEIS 2 disease increases 
to 27.0%. As the authors state validation of the 
proposed cut-off values is required before introducing 
them in clinical setting. Moreover, caution should be 
applied when introducing biomarkers especially when 
their intention is to replace endoscopic assessment. 

Table 6 shows the summary of the randomised 
clinical trials that utilised the UCDAI for disease activity 
assessment, defining remission and endpoints. The 
studies were divided into introduction and maintenance 
of disease remission. 

Most of the studies investigated the efficacy of 
introducing remission set clinical remission as UCDAI 
≤ 1, however some studies defined as UCDAI ≤ 2 for 
remission. It appears that many studies have taken 
advantage of defining their own remission, clinical 
response and endpoints with the UCDAI as it is not 
clearly defined in previous guidelines. The studies with 
probiotics appear to choose higher remission cut-off 
point, which could interpret that it is undemanding 
to achieve clinical remission so that it would satisfy 
requirements of regulatory bodies such as the FDA. The 
previous validation study suggested UCDAI score < 
2.5 for clinical remission[65], meaning UCDAI ≤ 2 is still 
within the range of remission. 

Another point to note is that many studies have 
their own additional criteria with a specific patient-
reported symptom scoring system to measure rectal 

bleeding and stool frequency to define remission 
or clinical response. This is likely attributed to the 
guideline published by the FDA, which encourages to 
assess patient-reported outcome measurement on 
rectal bleeding and stool frequency in addition to the 
macroscopic assessment with endoscopy as an endpoint 
for clinical trials. This is also reflected on their definition 
of clinical remission on Table 5. 

If a more stringent primary endpoint is enforced 
the clinical utility of therapeutics may be harder 
to demonstrate, potentially limiting the number of 
agents available in the marketplace. Furthermore, 
drug development for UC faces bigger challenge due 
to the unknown natural history of UC, unpredictable 
relapse and remission patterns as well as response 
to medications with known efficacy. If the stringent 
remission and endpoint was forced by regulatory 
bodies, the pharmaceutical industry may choose drugs 
that have cheaper development cost. 

Although the FDA supports the use of UCDAI for 
measuring primary endpoints, UCDAI has limitations. 
As it is highlighted in the previous section, one of 
the weakness is a lack of validation and vulnerability 
to observer bias. Adding inconsistent definition of 
remission and endpoint for each clinical trial hinders 
providing optimal management to patients with the 
disease. 

DISCUSSION
Homogeneity of the clinical trials in UC has been dis
cussed amongst experts for decades. Despite a desire 
for a single gold-standard disease activity index, the 
number of indices has been steadily increasing. Disease 
remission is yet to be fully defined, thus trial outcomes 
vary and limit the utility of these studies depending 
on the purpose of its clinical use. Most trials chose 
individual endpoints which are not necessarily clinically 
pertinent. Clinicians, on the other hand are constantly 
negotiating with patients to provide the best possible 
management for this chronic condition, regardless of 
an index score. This variation makes the comparison 
amongst clinical trials extremely difficult, hindering drug 
development. 

So far, many review studies summarised and 
evaluated currently available indices on different assess
ments. The majority of these studies highlighted the 
wide variation of endpoints by different indices and 
emphasised the importance of having a gold-standard 
index to assess the efficacy of the interventions. This has 
led to development of more indices rather than choosing 
a gold-standard index, adding more choices and fuelling 
confusion amongst researchers and clinicians. This 
systematic review proposes to emphasise on a universal 
consensus on UC remission before developing any more 
indices. Futher more this systematic review would assist 
scientists and clinicians to have a better understanding 
of confusing definitions and disease activity indices that 
have been used interchangeably. 
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This systematic review was conducted to evaluate 
the definition and evidence for remission endpoints in 
ulcerative colitis from the point of view of two particular 
indices. The UCDAI has been widely used in clinical 
studies compared to the UCEIS. Although the UCEIS 
has been extensively validated, only one randomised 
clinical trial has employed the UCEIS as their outcome 
measurement instrument of date. The reason may 
be threefold. Firstly, other traditional disease activity 
measurement instruments have been widely used in 
previous clinical trials, making comparison with those 
trials more straightforward, although less robust. 
Secondary, if clinical trials were conducted for drug 
development, they would more likely choose the dis
ease activity indices as recommended by regulatory 
bodies such as the FDA or equivalent. Finally, the UCEIS 
was recently developed thus there is no surprise that 
the number of clinical trials using this scoring system is 
still low. 

The other two studies that used the UCEIS are not 
randomised clinical trials, though they demonstrated 
how multiple definitions of remission used in the 
evaluation of biomarker, calprotectin, to monitor disease 
activity could alter the outcomes. Without a universal 
definition of remission, researchers can freely define 
the UCEIS score for a remission endpoint, making 
evaluation of calprotectin use in clinical practice very 
difficult. 

Furthermore, regulatory bodies such as the FDA 
recommend measuring endpoints in terms of clinical 
remission with particular indices, although they still do 
not convey the ideal length of clinical trial to achieve a 
primary endpoint or the duration of clinical remission 
before relapsing. This diversity of clinical protocols was 
also emphasised in this systematic review. 

One of the criticisms for traditional outcome mea
surement instruments has been insufficient validation. 
The UCEIS has designed to overcome from this pro
blem and to take a step forward for establishing a 
gold standard outcome measurement instrument. 
Yet, this systematic review highlighted that validation 
is not necessarily an issue for employing an outcome 
measurement instrument for clinical trials. Although we 
focused on developing new ideal indices, a new index 
may not be a solution to establish a gold standard 
outcome measurement instrument. 

A lack of understanding in aetiology and natural history 
of ulcerative colitis may contribute to this confusion. In 
order to untangle this confusion, we recommend that an 
international consensus of remission should be sought as 
a matter of urgency before establishing a gold standard 
outcome measurement. Once a universal consensus for 
remission is reached and defined, establishing a gold-
standard index, which can measure true symptoms and 
is transferable and meaningful to clinical practice, can be 
determined. That would lead to standardisation of clinical 
trial protocols for advancing patient care. 

COMMENTS
Background
The current target of disease remission endoscopically is mucosal healing 
although it has not been fully validated or no standardised definition of mucosal 
healing. Yet, this appears to be the goal for many clinical practice as well as 
drug trials. The recent draft guideline released by the FDA states the ideal 
primary efficacy assessment instrument in clinical trials should consist of 
(1) a signs and symptoms assessment scale - best measured by a patient-
reported outcome instrument. If not, an observer-reported outcome instrument; 
and (2) an endoscopic and histological assessment scale. Thus, endoscopic 
assessment tools with comprehensive clinical symptom assessment com
ponents that come from patients would be a reasonable choice to argue 
remission and endpoints employed in clinical trials. 

Research frontiers
The authors believe this has been mentioned everywhere in the paper that 
definition of ulcerative colitis endpoint has been introducing ambiguity especially 
when different clinical trial studies are compared. The authors also mentioned 
in the summary that a lack of understanding in aetiology and disease natural 
history may contribute to this confusion, which needs to be addressed in the 
future research. 

Innovations and breakthroughs
The authors added to emphasize the differences from other similar studies. 

Applications 
The authors added “This systematic review would assist scientists and 
clinicians to have a better understanding of confusing definitions and disease 
activity indices that have been used interchangeably”. 

Peer-review
This is a comprehensive review of remission endpoints in ulcerative colitis, the 
paper is well written and is very useful for both clinical practice and teaching 
purposes.
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Abstract
AIM
To conduct a systematic search for all studies examining 
rates and demographic and illness-related determinants 

of medication non-adherence in bipolar disorder (BD).

METHODS
A comprehensive literature search was undertaken of six 
English-language databases to identify published articles 
on medication non-adherence in BD from inception 
till December 2016. Any article, either a review or an 
original-research article was examined for its relevance to 
the subject. All such articles were manually searched to 
locate any further articles containing relevant information. 
Studies were included only if they had adequately 
described the patient sample, assessment methods 
and statistical procedures, presented their results 
systematically and their conclusions were congruent with 
the results.

RESULTS 
The initial search yielded 249 articles on the subject; of 
these 198 articles were included. Of the 162 original-
research studies, 132 had provided information on rates 
of medication non-adherence in BD. There was a wide 
variation in rates ranging from universal adherence 
(100%) to almost universal non-adherence (96%); 
this discrepancy was more due to methodological 
differences than true variations in rates. Notwithstanding 
the significant discrepancies in methodology, based 
on these 132 studies mean rates of 41.5%-43% and 
median rates of 40%-41% were obtained for medication 
non-adherence in BD. Rates of adherence with mood 
stabilizers were significantly lower than those for 
antipsychotics, or for medications of all classes. None 
of the demographic attributes were unequivocally 
linked to medication non-adherence in BD. Similarly, 
medication-related variables such as type of medications, 
doses, treatment regimens and side effects did not 
demonstrate consistent associations with non-adherence. 
Among clinical characteristics the presence of comorbid 
substance use disorder and absence of insight were the 
only two factors clearly linked to non-adherence in BD.

CONCLUSION
Medication non-adherence is prevalent in about a third 
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the existing literature (e.g., Busby and Sajatovic[3]) 
appeared to have used very stringent selection criteria 
limiting the number of studies they have included. 

The correlates of non-adherence in BD have been 
traditionally categorized into patient-related, illness-related, 
treatment-related and physician-related factors[9-12]. 
The majority of studies have, however, examined 
demographic correlates like age, gender, marital status, 
or clinical features such as age of onset, longitudinal 
course, symptom-severity, insight and comorbidity, 
or medication-related variables such as the class of 
medications, number and doses of medications and side 
effects associated with treatment[3,13,14]. However, results 
of these studies have been largely inconsistent, leading to 
considerable uncertainty regarding which of these factors 
truly influence non-adherence in BD[8,13]. Consequently, 
there is little consensus among reviews regarding the 
clinical, demographic and treatment-related determinants 
of medication non-adherence in BD. Moreover, similar to 
the reviews on the rates of non-adherence in BD, reviews 
examining correlates of non-adherence are based on a 
limited number of studies.

Given these drawbacks of existing reviews on rates 
and correlates of medication non-adherence in BD, the 
present review aimed to conduct a more comprehensive 
and systematic search for all possible studies of BD, 
which have investigated these aspects. The principal 
objective was to estimate rates of medication non-
adherence in BD and examine its demographic, illness 
and medication related correlates based on a much 
wider selection and a larger number of studies than 
those that have been included as a part of earlier 
reviews.

MATERIALS AND METHODS
A comprehensive literature search was undertaken 
using the following six English-language databases: 
MEDLINE, PubMed, PsycINFO, EMBASE, Cochrane and 
Google to identify published articles on medication 
non-adherence in BD from inception till December 
2016. Search terms included BD, bipolar depression or 
mania used in conjunction with other terms including 
adherence, compliance, concordance, non-adherence, 
non-compliance, determinants, predictors, treatment 
and medication. Any article, either a review or an 
original research article (based on clinical trials or 
observational studies) was examined for its relevance 
to the subject. All such articles were manually searched 
to locate any further articles, which were judged to be 
containing information pertaining to the topic. In an 
effort to identify and include as many studies as possible 
the initial criteria for selection were broad and inclusive. 
Any article that had provided information on rates 
and/or demographic, clinical or treatment correlates 
of medication non-adherence in BD was included. 
Articles dealing with other forms of adherence, e.g., 
appointment adherence or attendance for psychosocial 
interventions were considered only if they had provided 

to half of patients with BD. Demographic, illness and 
treatment related factors do not predict non-adherence 
with certainty.

Key words: Medications; Demographics; Rates; Non-
adherence; Illness characteristics; Treatment variables; 
Bipolar disorder
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Core tip: Based on existing reviews non-adherence is 
estimated to be present in 25%-42% of patients with 
bipolar disorder (BD). The present, more comprehensive 
review comprising of 198 studies found mean rates 
of 41.5%-43% and median rates of 40%-41% for 
medication non-adherence in BD. Neither demographic 
characteristics nor medication-related variables were 
unequivocally linked to medication non-adherence in 
BD, while comorbid substance use disorder and absence 
of insight were the only two clinical factors consistently 
associated with non-adherence in BD. The failure 
of clinical and demographic factors to predict non-
adherence emphasizes the importance of other patient 
orientated factors in determining non-adherence in BD.

Chakrabarti S. Medication non-adherence in bipolar disorder: 
Review of rates, demographic and clinical predictors. World J 
Meta-Anal 2017; 5(4): 103-123  Available from: URL: http://
www.wjgnet.com/2308-3840/full/v5/i4/103.htm  DOI: http://
dx.doi.org/10.13105/wjma.v5.i4.103 

INTRODUCTION
Bipolar disorder (BD) is prototypical of all chronic medical 
conditions with enduring symptoms, residual disability 
and the need for long-term care[1,2]. Like other such 
conditions, non-adherence with treatment is very 
common among patients with BD and associated with 
a range of adverse consequences such as poor clinical 
outcomes, functional impairment, impaired quality of 
life, increased health-service utilization and higher costs 
of care[2-4].

Several reviews on the subject have estimated 
non-adherence rates in BD to range from around 8% 
to 68% with mean rates varying from 25% to 40% 
across these reviews[5-8]. Despite this wide variation 
in rates the median rate of non-adherence, which is 
probably a more true measure of non-adherence, has 
been fairly stable at 40% to 42% in different reviews. 
However, it is somewhat surprising that despite there 
being over 100 studies on treatment non-adherence in 
BD, most of these reviews have not included more than 
a handful of studies. Moreover, the majority of reviews 
are somewhat dated and have not systematically and 
comprehensively searched the existing literature to 
identify all possible studies relating to non-adherence 
in BD. Those that have systematically reviewed 
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information on medication adherence. Both quantitative 
and qualitative studies were included. Final selection, 
however, also depended on the quality of studies, which 
was assessed partly based on criteria used in previous 
reviews[12,15]. Studies were included only if they had 
adequately described the source and nature of the 
patient sample, the methods of ascertaining relevant 
variables and the statistical procedures followed. 
Additionally, for any study to be incorporated its results 
should have been presented systematically and the 
conclusions should have been congruent with the 
results of the study. 

Statistical analysis
Statistical analyses consisted mainly of estimation of 
mean and median rates. Student’s t test was used to 
compare the non-adherence rates among different 
classes of medications. This was approved by the bio
statistics department of the institution.

RESULTS
The initial search yielded 249 articles on the subject; 
43 of these were reviews and 206 were original 
research articles. Of these 51 articles (7 reviews and 
44 original research articles) were excluded. Though 
these 51 articles did deal with some aspect of treatment 
adherence in BD the principal reason for excluding them 

was the lack of information either on rates of medication 
non-adherence or on demographic, illness or treatment 
related correlates of non-adherence in BD. Thus, the 
final list included 198 articles; 36 of these were reviews 
and 162 were original research articles.

Rates of medication non-adherence in BD
Reviews: Table 1 lists the reviews on rates of non-
adherence in BD. The most commonly quoted reviews 
are the ones by Lingam and Scott[6] and Perlick et al[7], 
both of which have found rates ranging from about 
20% to 68% with median rates of about 41% to 42% 
for non-adherence in BD. Other reviews included in the 
table also indicate that non-adherence rates vary from 
8%-64% with mean rates of 25% to 40% and median 
rates of 40% to 41% for all classes of medications. 
Reviews on lithium estimate non-adherence rates 
to lie between 9% to 57%, while one review found 
the rates to vary from 23%-60% among patients on 
antipsychotics[16]. The wide variation in rates (from 8% 
to 68%) was most likely to be due to differences in 
methodology adopted by individual studies[4]. Moreover, 
the number of studies, from which these rates are 
derived was quite small in most reviews. Only Pompili et 
al[10] have included 104 articles on mood disorders from 
1975 to 2009, but the number of studies from which the 
non-adherence rate for BD was derived was not clear. 
Despite these disparities and limitations it was evident 
that about a quarter to half of the patients with BD were 
fully or partially non-adherent[15,17]. This rate was similar 
to other chronic medical disorders including psychiatric 
and physical disorders[1,4,18]. There appeared to be no 
substantial differences between rates of non-adherence 
for mood stabilizers (principally lithium carbonate) and 
those for antipsychotics[4]. Similarly, no differences in 
rates between older or newer medications were noted. 
Indeed, studies conducted decades apart have revealed 
that rates of non-adherence have remained the same 
over the years despite the availability of many new 
types of medications[4,6,10,13,19].

Studies: Tables 2-4 list the 132 studies of this review 
providing an estimate of medication non-adherence in 
BD. Studies spanned exactly four decades with the first 
study conducted by Bech et al[30] among patients on 
lithium in 1976. The number of studies with patients 
on all classes of medications (n = 69) was the highest 
followed by studies of patients on mood stabilizers (n = 
46). There were 15 studies of patients on antipsychotics 
and only two of patients on antidepressants. The 
majority of the studies were conducted in Western 
settings with barely 20 studies from non-Western 
countries. Not surprisingly, there was a wide variation 
in rates from universal adherence (100%) to almost 
universal non-adherence (96%). This was obviously 
more as a result of methodological differences across 
studies rather than a true variation in rates. Studies 
differed in the number of patients included, the dur
ation during which adherence was assessed and the 

Table 1  Rates of medication non-adherence in bipolar 
disorder: Reviews

Ref. Review based on Non-adherence rates

Van Putten[20], 1975 7 studies 20%-30% (only lithium)
Jamison and 
Akiskal[21], 1983

10 studies 33%-50% (only lithium)

Cochran[5], 1986 13 studies from 
1966-1986

9%-57% (only lithium)

Goodwin and 
Jamison[22], 1990

50 studies 18%-53% (only lithium)

Lingam and 
Scott[6], 2002

3 studies and 1 review 20%-66%, median 41%

Perlick et al[7], 2004 25 papers from 
1979-2004

23%-68%, median 42%

Colom et al[4], 2005 6 studies 20%-64%, mean 25%
Gaudiano et al[18], 
2008

3 reviews 20%-60%, mean 40%

Basco and Smith[8], 
2009

9 studies 8%-64%

Busby and 
Sajatovic[3], 2010

6 studies 20%-60%

Foster et al[23], 2011 7 studies 21%-50%
Leclerc et al[12], 2013 27 studies(rates derived 

from 6 studies)
12%-64%

García et al[16], 2016 9 studies 23%-60% (only 
antipsychotics)

Other reviews have also estimated non-adherence rates to be in the range 
of 20%-68% with a median rate of 41%-42% in BD including Schou[24] (1988), 
Guscott and Taylor[25] (1994), Scott[26] (1995), Schou[19] (1997), Berk et al[17] 
(2004), Sajatovic et al[27] (2004), Byrne et al[28] (2006), Depp and Lebowitz[29] 

(2007), Depp et al[14] (2008), Pompili et al[10] (2009), Crowe et al[15] (2011) and 
Rakofsky et al[11] (2011). BD: Bipolar disorder.
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Table 2  Rates of medication non-adherence in bipolar disorder: Studies of all classes of medications

Ref. Study Non-adherence rates

Keck et al[47], 1996a n = 101; duration-past month; clinical interview and serum 
levels

64% fully or partially non-adherent

Keck et al[48], 1998 n = 134; duration - 12 mo; clinical interview 53% fully or partially non-adherent
Strakowski et al[49], 1998 n = 109 (83 with BD); duration - 12 mo; clinical interviews 59% fully or partially non-adherent
Weiss et al[50], 1998 n = 44 with BD and SUD; cross-sectional study; clinical 

interviews 
79% fully or partially non-adherent (35% took 

medications less than 67% of the time)
Colom et al[51], 2000 n = 200; duration 2 yr; clinical interviews with patients and 

relatives and serum levels for mood stabilizers
40% fully or partially non-adherent

Svarstad et al[52], 2001 n = 67; duration 12 mo; retrospective claims data 33% irregular use
Calabrese et al[53], 2000 n = 324 with RCBD; duration - 6 mo; clinical interview 34%
Greenhouse et al[54], 2000  n = 32: duration - 1 wk; self-report 25%
Lam et al[55], 2003 n = 52; duration - 6 mo; serum levels and self-reports Serum levels - 7%-22%; self-report - 12%-33%
Calabrese et al[56], 2005 n = 254 with RCBD; duration - 30 mo; clinical interview 20%-28%
Coletti et al[57], 2005 n = 38 adolescents; duration - 1 mo; parent reports 66% fully or partially non-adherent
Fleck et al[58], 2005 n = 50; cross-sectional study; visual analogue scale  52% fully or partially non-adherent
Roy et al[33], 2005 n = 100 (42 with BD); cross-sectional study; clinical interview 91%
Sajatovic et al[46], 2005 n = 52; duration - 3 mo; self-reports and DAI-10 12%
Sajatovic et al[59], 2006a n = 323; cross-sectional study; clinical interview 36% partially or fully non-adherent
Clatworthy et al[36], 2007 n = 16; cross-sectional study; self-report-qualitative data 81%
DelBello et al[60], 2007 n = 71 adolescents; duration 12 mo; clinical interviews 65% fully or partially non-adherent
Johnson et al[61], 2007 n = 469; cross-sectional study; web-based survey; self-report 30%
Montoya et al[62], 2007 n = 312; cross-sectional study; clinical interviews 40% fully or partially non-adherent
Sajatovic et al[63], 2007c n = 205 with RCBD; duration - 6 mo; clinical interview 20%
Shabani and Eftekhar[64], 2007 n = 22; duration - 17 mo; clinical interview 38%
Strakowski et al[65], 2007 n = 96 (United States) and 46 (Taiwan); duration – 1 yr (Taiwan) 

to 8 yr (United States); clinical interviews
21% (Taiwan) - 41% (United States) followed up without 

full treatment adherence
Baldessarini et al[66], 2008a n = 429; duration -last 10 d; self-report 34% (psychiatrists rated 6%-18% as non-adherent)
Copeland et al[67], 2008 n = 435; duration - past 4 d; self-report of missed dose and self-

report-MMAS
27% on missed dose and 46% on MMAS

Sajatovic et al[40], 2008 n = 302; duration - 3 yr; clinical interview 12%
Zeber et al[68], 2008 n = 435; cross-sectional study; self-report and MMAS Overall 30%; 23% (self-report) to 46% (MMAS)
Taj et al[69], 2008 n = 23; cross-sectional study; clinical interviews 26%
Azorin et al[70], 2009 n = 766; duration 2 yr; clinical interview At baseline - 44% (pure mania) - 50% (mixed mania); at 

2 yr - 8% (pure mania) - 16% (mixed mania)
Clatworthy et al[71], 2009 n = 223; cross-sectional study; self-report - MARS 30%
Martinez-Aran et al[74], 2009 n = 103; cross-sectional study; clinical interviews with patients 

and relatives and serum levels for mood stabilizers
41%

Mazza et al[75], 2009 n = 131 (94 with BD); duration - 12 mo; serum levels and 
relatives’ reports

22%

Sajatovic et al[72], 2009a n = 140; cross-sectional study; self-report-TRQ 19%
Sajatovic et al[39], 2009b n = 164; duration - 12 mo; self-report 19%
Sharifi et al[73], 2009 n = 76; duration - 8 wk; clinical interview 29%
Bates et al[76], 2010 n = 1052; cross-sectional study; web-based survey; self-report 

-MMAS 
49.50%

Devulapalli et al[77], 2010 n = 140; duration - past month; self-report 19%
González-Pinto et al[78], 2010 n = 1831; duration - 24 mo; clinical interview 23%
Hou et al[79], 2010 n = 35; cross-sectional study; self-report -MMAS 54%
Jónsdóttir et al[80], 2010 n = 280 (114 with BD); duration- past week; self-report, 

MARS-5, serum levels
Serum levels - 34%; self-report - 16%

Gutiérrez-Rojas et al[81], 2010 n = 108; cross-sectional study; clinical interviews with patients 
and relatives and serum levels for mood stabilizers

17%

Perlis et al[82], 2010 n = 3640; duration - 12 mo; self-reports and clinical interviews 54% fully or partially non-adherent (24% non-adherent 
on 20% or more study visits) 

Cely et al[83], 2011 n = 124; cross-sectional study; self-report-MMAS 30%
Cruz et al[35], 2011 n = 17 elderly subjects; cross-sectional study; self-report-MMAS 88%
Hong et al[84], 2011 n =1341; duration - 21 mo; clinical interview 24%
Savaş et al[85], 2011 n = 147; duration - 12 mo; self-report 27%
Sajatovic et al[86], 2011b n= 140; duration - 1 mo; TRQ 18%
Mahmood et al[87], 2011 n = 40; duration - 1 mo; clinical interview 62%
Barraco et al[88], 2012 n = 650; duration - 12 mo; self-report-SMAQ and DAI-10 60% at baseline; 31% at 9 mo; 33% at 12 mo
Eker and Harkin[89], 2012 n = 71; duration - 6 wk; ANT, self-report-MARS, TOS 60%-61% at baseline; 13%-76% at 6wk
Murru et al[90], 2012 n = 76 schizoaffective disorder-bipolar type; duration - 10 yr; 

partly retrospective based on clinical interviews with patients 
and families and serum levels

41%

Miasso et al[91], 2012 n = 101; cross-sectional study; self-report-MMAS 63%
Sajatovic et al[92], 2012 n = 43; duration - 6 mo; self-report-TRQ, MMAS; Pill counts TRQ - 48%-51% at baseline; 21%-25% at 6 mo - Pill 

counts - 58% at baseline
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techniques used to assess adherence. The majority 
of studies had sample sizes ranging from 100 to 500 
patients (n = 51; 39%); but about a third had included 
50 to 100 patients (n = 37; 28%), while 20% of the 
studies (n = 26) had less than 50 patients. Most studies 
were conducted over the period of 1 mo to 1 year (n = 
56; 42%), but cross-sectional studies were also very 
common (n = 37; 28%), whereas about a quarter 
of the studies (n = 33; 25%) had extended beyond 
1 year, often up to several years in some studies of 
mood stabilizers. About a third of the studies had used 
multiple measures to estimate adherence (n = 38; 
29%), even as studies based only on self-reports (n = 
37; 28%), or only on clinical interviews (n = 34; 26%) 
were equally common. Fifteen studies (11%) were 
based on analysis of claims data.

Rates were computed using the highest rate of 
non-adherence where multiple rates were mentioned 
and rates at baseline for longitudinal studies. Despite 
significant discrepancies in methodology across studies, 
when rates were computed from all the 132 studies the 
mean rate of non-adherence turned out to be 41.5% 
(41.52 ± 19.56) and the median rate was 40%. Rates 
of non-adherence were between 25% to 50% in 65 
studies (49%) and greater than 50% in 42 of the 132 
studies (32%). 

Most studies with very high rates of non-adherence 
(> 80%) were either part of randomized-controlled 
trials[31], or had been conducted among inpatients or 
mental hospital populations[32-34], or were studies with 
qualitative designs[35,36]. Patient numbers were generally 
small in these studies. Similarly, studies with very low 

rates of non-adherence (< 20%) were either from 
specialized lithium clinics[37,38], or were derived from 
randomized-controlled trials[39-42]. Others studies with 
very low rates had relied either exclusively on patient 
reports to estimate non-adherence[43-45], or had used 
qualitative designs with small patient samples[46]. In 
contrast, the average rate of non-adherence in the 18 
studies with large and more representative samples 
(naturalistic studies with > 500 patients) was higher 
at 49% (48.81 ± 14.13). The mean rate of adherence 
in the studies which had lasted more than 1 year was 
lower at 36% (36.36 ± 12.90). However, even after 
excluding the 21 studies with very high or very low 
rates, the mean rate of non-adherence in BD increased 
only to 43% (42.81 ± 14.66) and the median rate to 
41%.

The average rate of non-adherence derived from 
studies where patients received all classes of medication 
was 45% (44.62 ± 19.61) with a median of 41%; after 
excluding 11 studies with very high or very low rates 
the mean rate was still 45% (44.94 ± 14.95), while 
the median rate increased to 43.5%. The mean rate 
of non-adherence among patients on mood stabilizers 
was 34% (34.16 ± 18.35) and the median rate was 
31.5%. After excluding 9 studies with very high or very 
low rates the mean increased to 38% (37.82 ± 13.24) 
and the median to 34%. Rates derived from studies of 
antipsychotic medications were the highest with a mean 
of 51% (50.87 ± 15.87) and a median of 48%. After 
excluding one study with a very high rate the mean 
dropped to 48% (48.43 ± 13.44) and the median 
to 47%. Therefore, rates of non-adherence derived 

Vieta et al[93], 2012 n = 2448 psychiatrists; duration-3 mo; questionnaire survey 57% patients rated fully or partially non-adherent 
Sharma et al[94], 2012 n = 127; cross-sectional study; self-report 40%
Belzeaux et al[95], 2013 n = 382; cross-sectional study; self-report - MARS and clinical 

interviews
25%

de Souza et al[96], 2013 n = 36 cross-sectional study; self-report - MMAS 78%
Gibson et al[97], 2013 n = 24; cross-sectional study; self-report 50%-77% fully or partially non adherent
Hibdye et al[98], 2013 n = 410; cross-sectional study; self-report - MMAS 51%
Jónsdóttir et al[99], 2013 n = 255 (109 with BD); duration - past week; self-report, serum 

levels
42% fully or partially non-adherent 

Murru et al[100], 2013 schizoaffective disorder-bipolar type (n = 75) and BD (n = 
151); duration - 10 yr; partly retrospective based on clinical 

interviews with patients and families and serum levels

BD - 33%; schizoaffective disorder-bipolar type - 44%

Arvilommi et al[101], 2014 n = 168; duration 18 mo; clinical interview > 50% non-adherent
Kassis et al[102], 2014 n = 76; cross-sectional study; questionnaire based 55%
Ghaffari-Nejad et al[103], 2015 n = 123; duration-6 mo; DAI = 10 61% fully or partially non-adherent
Hajda et al[104], 2015 n = 33; cross-sectional study; self-report - DAI-10 58%
Ibrahim et al[105], 2015 n = 358 (177 with BD); cross-sectional study; self-report-

MMAS-8 
46%

Levin et al[106], 2015  n = 65; duration-3 mo; self-report-TRQ 32%-59% at baseline; 10%-40% at 3 mo
Mert et al[107], 2015 n = 68; duration - 6 mo; self-reports; relatives’ reports, medical 

records 
45%

Azadforouz et al[108], 2016 n = 47; duration-6 mo; clinical interview 36%
Mousavi et al[32], 2016 n = 73 with BD and psychotic symptoms; cross-sectional study; 

clinical interviews 
96%

ANT: Attitudes towards neuroleptic treatment; BD: Bipolar disorder; CRS: Compliance rating scale; DAI-10: Drug Attitude Inventory-10 item version; 
MARS: Medication Adherence Report Scale (MARS-5-five item version); MMAS: Morisky Medication Adherence Scale (MMAS-8-8 item version); MPR: 
Medication possession ration; RBC: Red blood cells; RCBD: Rapid cycling bipolar disorder; RSM: Reasons for Stopping Medication’ questionnaire; ROMI: 
Rating of Medication Influences Scale; SGA: Second generation antipsychotics; SMAQ: Simplified Medication Adherence Questionnaire; SUD: Substance 
use disorders; SRTAB: Self-reported Treatment Adherence Behaviours; TOS: Treatment Observation Form; TRQ: Tablet Routines Questionnaire.
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Table 3  Rates of medication non-adherence in bipolar disorder: Studies of mood stabilizers

Ref. Study Non-adherence rates

Bech et al[30], 1976

Jamison et al[9], 1979 

n = 76 on lithium (49 with BD); duration - 2 yr; retrospective case 
record data and serum levels 

n = 47 on lithium; cross-sectional study; self-report and 
psychiatrists’ estimations

24%

Patients - 47% non-adherent; psychiatrists - 35% 
non-adherent

Connelly et al[109], 1982 n = 48 on lithium; duration - 9 mo; serum levels and > 75% clinic 
attendance

25%

Connelly et al[110], 1984 n = 75 on lithium; duration - 6 mo; serum levels and > 75% clinic 
attendance

33%

Cochran[31], 1984 n = 28 on lithium; duration - 6 mo; self-report; case notes; clinical 
interview and serum levels

93% had major or minor non-adherence

Danion et al[111], 1987 n = 73 on lithium (36 with BD); duration - 2 yr; retrospective 
psychiatric assessments and serum levels

56% - subjective 19%; objective 56%

Aagaard et al[112], 1988 n =133 on lithium (47 with BD); duration - 6 mo; clinical interview 23%
Maarbjerg et al[113], 1988
Cochran and Gitlin[114], 1988 n = 48 on lithium (43 with BD); cross-sectional study; patient 

questionnaires 
46% fully or partially non-adherent 

Vestergaard and Schou[115], 1988 n = 480 on lithium (187 with BD); duration - 7 yr; medical records 
based on serum levels and clinical interviews 

50% in first 6 mo; 25% per year during the first 
2 yr; 10% per year after 4-5 yr

Lenzi et al[116], 1989 n = 67 women on lithium or carbamazepine; duration - 8 mo; self-
report and serum levels

45%

Nilsson and Axelsson[117], 1989 n = 64 with mood disorders on lithium; duration - 7 yr; serum levels 
and medical records

25%

Aagaard and Vestergaard[118], 
1990 

n = 133 on lithium (61 with BD); duration - 2 yr; clinical interview 42%

Courtney et al[38], 1995 n = 15 on lithium; cross-sectional study; serum levels 0%
Lee et al[119], 1992 n = 50 on lithium; duration 12 mo; self-report; clinical interview; 

serum levels
30%

Berghöfer et al[120], 1996 n = 86 (55 with BD) on lithium; retrospective follow-up over a mean 
of 8.9 yr based on clinical interview and serum levels

24%

Keck et al[121], 1997 n = 140 on mood stabilizers; duration - 12 mo; clinical interview 51% fully or partially non-adherent
Maj et al[122], 1998 n = 402 on lithium; duration - 5 yr; clinical interview and serum 

levels
28%

Schumann et al[123], 1999 n = 75 (31 with BD) on lithium; duration-6 yr; retrospective medical 
records based on interviews and serum levels

55%

Wong et al[124], 1999 n = 80 with mood disorders on lithium (60 with BD cross-sectional 
study; self-reports; clinical interviews; serum levels 

27.50%

Licht et al[125], 2001 n = 148 on mood stabilizers (132 on lithium): duration 24 mo; 
retrospective analysis of treatment charts, serum levels and clinical 

interviews

20%

McCleod and Sharp[37], 2001 n = 30 on lithium; cross-sectional study; self-reports, clinical ratings 
and serum levels 

0%

Svarstad et al[52], 2001 n = 53 on lithium; duration 12 mo; retrospective claims data 26% irregular use
Scott[126], 2002 n = 98 (85 with BD) on mood stabilizers; cross-sectional study; self-

reports-ROMI and TRQ 
30% partially adherent

Scott and Pope[127], 2002a n = 98 on mood stabilizers (78 with BD); duration- 24 mo; TRQ and 
serum levels

partial non-adherence - 47% over 2 yr; 32%over 
past month; 27% over past week; full non-

adherence - 20% over 2 yr
Scott and Pope[128], 2002b 

Dharmendra and Eagles[43], 2003 

n = 98 on mood stabilizers (78 with BD); duration - 18 mo; TRQ and 
serum levels

n = 411; duration - 3 yr; retrospective study based on self-reports 
and serum levels 

TRQ - 32% partial adherence; serum levels - 
36%
15%

Pope and Scott[129], 2003 n = 72 on lithium (61 with BD); duration - 2 yr; self-report-RSM 46%
Bowden et al[130], 2005 
Calabrese et al[56], 2005 

n = 372 on lithium or valproate; duration - 52 wk; clinical interview
n = 254 with RCBD on lithium or valproate; duration 20 mo; clinical 

interviews and serum levels 

54%-75% premature discontinuations
10%-28%

Patel et al[131], 2005 n = 32 adolescents on mood stabilizers; duration - 12 mo; clinical 
interviews and medical records

Treatment time without full adherence in 47%

Salloum et al[41], 2005  n = 59 with BD and alcohol dependence on lithium or lithium and 
valproate; duration - 24 wk; self-report and serum levels

13%-14%

Gonzalez-Pinto et al[132], 2006 n = 72; duration - 10 yr; clinical interviews and serum levels 22%
Drotar et al[133], 2007 n = 107 adolescents; on lithium and valproate; duration - 20 wk; 

serum levels, pill counts, self/parent report and clinical interview
16%-34% (average 17%) non-adherent on 

various measures
Kessing et al[134], 2007 n = 14277 on lithium; duration 6 yr; nation-wide register and 

pharmacy data
25% stopped lithium within 45 d

Manwani et al[135], 2007 n = 115 on mood stabilizers; duration - 10 mo; clinical interview 34% lifetime adherence in those with SUD 17% 
in those without SUD 

Rosa et al[136], 2007 n = 106; cross-sectional study; self-report-MARS and serum and 
RBC levels

14% (based on levels) 33% (based on MARS)
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from studies of mood stabilizers were significantly 
lower than rates among patients on all three classes of 
medications, or among those on antipsychotics (P < 0.05 
or P < 0.01), while there were no differences between 
rates among patients on all classes of medications and 

those on antipsychotics.

Demographic correlates of medication non-adherence in 
BD
Reviews: The evidence that socio-demographic characte-

Sajatovic et al[137], 2007a n = 44637 on mood stabilizers; duration - 3 mo or more; 
retrospective claims data-MPR based

46% partially or fully non-adherent; took 
medications less than 50%-80% of the time

Baldessarini et al[138], 2008b n = 2197 on single mood stabilizers; duration - 12 mo; national 
health plan claims data; MPR based

72% took medications less than 80% of the time

Vega et al[139], 2009 n = 72 on lithium; duration - 5 yr; clinical interviews and serum 
levels 

8% (women)-39% (men)

Bauer et al[44], 2010 n = 312 on mood stabilizers; duration - 6 mo; self-report 11% partially or fully non-adherent
Sajatovic et al[86], 2011b n = 136; duration - 1 mo; self-report-TRQ 18% in the past week or month
Scott et al[140], 2012 n = 81 on mood stabilizers; cross-sectional study; self-report -TRQ 26% - past month
Bauer et al[45], 2013a n = 206 on mood stabilizers; duration 100 d; self-report 14% mean percent of days of missing doses
Arvilommi et al[101], 2014 n = 168 on mood stabilizers; duration 18 mo; clinical interview 40% fully or partially non-adherent
Sylvia et al[42], 2014 n = 283 on lithium; duration - 6 mo; self-report-TRQ 4.5%-7% reported missing at least

30% of their medications in the past week
Col et al[141], 2014 n = 78 on mood stabilizers; cross-sectional study; self-report-MARS 42%

ANT: Attitudes towards neuroleptic treatment; BD: Bipolar disorder; CRS: Compliance Rating Scale; DAI-10: Drug Attitude Inventory-10 item version; 
MARS: Medication Adherence Report Scale (MARS-5-five item version); MMAS: Morisky Medication Adherence Scale (MMAS-8-8 item version); MPR: 
Medication possession ration; RBC: Red blood cells; RCBD: Rapid cycling bipolar disorder; RSM: Reasons for Stopping Medication’ questionnaire; ROMI: 
Rating of Medication Influences Scale; SGA: Second generation antipsychotics; SMAQ: Simplified Medication Adherence Questionnaire; SUD: Substance 
use disorders; SRTAB: Self-reported Treatment Adherence Behaviours; TOS: Treatment Observation Form; TRQ: Tablet Routines Questionnaire.

Table 4  Rates of medication non-adherence in bipolar disorder: studies of antipsychotics and antidepressants

Ref. Study Non-adherence rates

Antipsychotics
  Keck et al[142], 1996b n = 77 on antipsychotics; duration - 6 mo; clinical interview 32%
  Svarstad et al[52], 2001 n = 56 on antipsychotics; duration 12 mo; retrospective claims data 23% irregular use
  Patel et al[131], 2005 n = 32 adolescents on antipsychotics; duration - 12 mo; clinical 

interviews and medical records
Treatment time without full adherence in 44%

  Sajatovic et al[143], 2006b n = 32993 on antipsychotics; duration - 3 mo or more; retrospective 
claims data-MPR based

48% partially or fully non-adherent; took 
antipsychotics less than 50%-80% of the time

  Sajatovic et al[144], 2007b n = 73964 on antipsychotics; duration - 3 mo or more; retrospective 
claims data-MPR based 

39% among those > 60 yr and 50% in those < 60 yr 
took antipsychotics less than 50%-80% of the time

  Hassan and Lage[145], 
2009

n = 1973 on antipsychotics; duration - 12 mo; retrospective claims 
based data-MPR based

56% took antipsychotics less than 50% of the time and 
73% less than 75% of the time

  Lage and Hassan[146], 
2009

n = 7,769 on antipsychotics; duration- 12 mo; retrospective claims 
data-MPR based

62% took antipsychotics less than 50% of the time and 
79% less than 75% of the time

  Lang et al[147], 2011 n = 9410 on antipsychotics; duration - 12 mo; retrospective claims 
data-MPR based

60% took antipsychotics less than 80% of the time

  Rascati et al[148], 2011 n = 2446 on SGAs; duration - 18 mo; retrospective claims data-MPR 
based

42% took antipsychotics less than 80% of the time

  Berger et al[34], 2012 n = 84 on SGAs: Duration-6 mo; retrospective claims data-MPR and 
CMG based

85% took antipsychotics less than 80% of times (50% 
according to CMGs) 

  Stephenson et al[149], 2012 n = 162 patients with BD on SGAs and 153 physicians; duration - 12 
mo; retrospective claims data and physician survey

57% with low-moderate adherence; physicians 
overestimated adherence in 67% patients

  Montes et al[150], 2013 n = 303; cross-sectional study; self-reports- DAI-10 and MMAS, CRS 69%
  Kutzelnigg et al[151], 2014 Olanzapine alone or in combination with mood stabilizers; n = 891 

at entry; 657 at 2 yr; clinical interview
33% at baseline; 20% at 2 yr

  Arvilommi et al[101], 2014 n = 168 on SGAs; duration 18 mo; clinical interview 46% fully or partially non-adherent
  Sajatovic et al[152], 2016 n = 1114 on lurasidone; duration- 27 mo; retrospective claims data-

MPR based
67%took lurasidone less than 80% of the time 

Antidepressants
  Svarstad et al[52], 2001 n = 22 on antidepressants; duration 12 mo; retrospective claims data 27% irregular use
  Bauer et al[153], 2013b n = 144 on antidepressants; duration - daily for 100 d; self-report 19% (missing/changing doses) to 41% (drug holidays)

ANT: Attitudes towards neuroleptic treatment; BD: Bipolar disorder; CMG: Cumulative medication gaps; CRS: Compliance Rating Scale; DAI-10: Drug 
Attitude Inventory-10 item version; MARS: Medication Adherence Report Scale (MARS-5-five item version); MMAS: Morisky Medication Adherence Scale 
(MMAS-8-8 item version); MPR: Medication possession ration; RBC: Red blood cells; RCBD: Rapid cycling bipolar disorder; RSM: Reasons for Stopping 
Medication’ questionnaire; ROMI: Rating of Medication Influences Scale; SGA: Second generation antipsychotics; SMAQ: Simplified Medication Adherence 
Questionnaire; SUD: substance use disorders; SRTAB: Self-reported Treatment Adherence Behaviours; TOS: Treatment Observation Form; TRQ: Tablet 
Routines Questionnaire. 

Chakrabarti S. Medication non-adherence in bipolar disorder



110 August 26, 2017|Volume 5|Issue 4|WJMA|www.wjgnet.com

ristics of patients influence their medication taking 
behaviour is largely inconsistent among patients 
with BD[154]. Accordingly, most reviews of the subject 
have concluded that there is no strong support for 
anassociation between demographic variables and 
medication non-adherence in BD[4,6,8,17,22,26]. Though 
certain demographic characteristics of patients have 
been associated with non-adherence in some studies 
of BD, such associations have not been found in 
others. There is also some discrepancy between re
views about which demographic parameters might be 
associated with non-adherence in BD; some reviews 
have concluded that younger age[12,14,22,27,29] and male 
gender[11,15,22,27] are more likely to be associated with non-
adherence,while others have found that being single 
or living alone[2,3,7,11,15], being less educated[3,12,14,15,17] 
or belonging to ethnic minorities[3,10,11] were among the 
most consistent risk factors for non-adherence in BD. 

Studies: Table 5 list the studies, which have examined 
the demographic correlates of medication non-adherence 
in BD. In keeping with the reviews on demographic 
variables influencing non-adherence in BD, these 
studies also demonstrate that there is very little to 
support the notion that demographic attributes of 
patients have a significant influence on their medication 
taking behaviour. Firstly, a large number of studies (n 
= 29) have been unable to find an association between 
medication non-adherence and any demographic 
variable. Among individual variables young age has 
often been cited as a correlate of non-adherence in 
BD[12,14,22,27,29], but the number of studies which have 
found an association with young age (n = 22) was 
almost similar to those that have been unable to 
demonstrate such an association (n = 19). Studies 
that have found associations with male gender, single 
marital status, lower levels of education, unemployment 
or low socioeconomic status or income were fewer than 
those unable to find such as association, or those that 
have found the obverse association. There appeared to 
be some link with a general “social disadvantage” factor 
including ethnic minority status, homelessness and 
dysfunctional family atmospheres, but the aggregate 
number of studies finding a positive association (n = 
25) was not substantially different from those finding no 
such association (n = 16).

Clinical correlates of medication non-adherence in BD
Reviews: The relationship between several clinical features 
and medication non-adherence has been examined in a 
number of studies of BD. Clinical characteristics, which 
have been explored have included overall severity of 
the illness, severity of manic, depressive and psychotic 
symptoms as well as variables such as age of onset, 
duration of illness or episode-length, episode polarity 
and subtypes of BD. The impact of factors such as 
cognitive impairment, lack of insight and comorbidity 
on treatment-adherence has also been examined. The 
overall conclusion of reviews on the subject is that non-

adherence in BD is a complex phenomenon and the 
association with clinical variables is ambiguous. Not 
only are the results of such associations inconsistent 
and equivocal, but the causal direction of any positive 
associations, i.e., whether the clinical variable in 
question led to non-adherence or vice-versa, is often 
unclear[4,8,15,28]. Overall severity of illness in terms of 
number of episodes, number of hospitalizations or 
suicidality has been found to be associated with non-
adherence in a few studies, but this is not a consistent 
finding[2-4,6,7,12]. Similarly, severity of manic symptoms 
have been found to impact adherence negatively 
quite commonly, though not all studies have found 
this association[2-4,6,15,22,23]. The influence of depressive 
or mixed symptoms and psychotic symptoms have 
not been examined often enough to reach any firm 
conclusions about their effect on non-adherence in 
BD[2-4,12,18,27,28]. It is postulated that cognitive impairment 
may adversely affect adherence in BD, but the 
evidence for this appears to be derived from only a 
few studies[2-4,8,14]. The evidence linking other clinical 
variables such as age of onset, duration of illness or 
episode-length, polarity and bipolar subtypes with non-
adherence in BD is limited[3,8,12]. The adverse effects of 
comorbid personality disorders and anxiety disorders 
on adherence in BD has also found mention, though 
the evidence seems limited to a few studies[2-4,8,15]. 
In contrast, almost every review on the subject has 
concurred in finding that the presence of comorbid 
substance use disorders (SUD) has a significant 
negative impact on adherence in BD[6,8,12,14,23]. Current 
rather than past substance abuse is more likely to be 
associated with non-adherence in BD[3,163-166]. Finally, 
lack of insight and denial of illness has been consistently 
found to be associated with non-adherence in BD, 
though studies finding an association between insight 
and adherence in BD are still few in number[2,11,12,167,168].

Studies: Table 6 include studies examining the clinical 
correlates of medication non-adherence in BD. As is 
evident from the two tables there was no evidence of 
a consistent association with non-adherence for the 
majority of the clinical variables examined. Certain 
studies did find positive associations between non-
adherence and clinical variables such as early age of 
onset, shorter durations of illness, greater number 
of hospitalizations, higher number of total, manic, 
depressive or mixed episodes, rapid cycling course, 
bipolar vs unipolar disorders and bipolar Ⅰ vs bipolar 
Ⅱ disorders, polarity of episodes, overall severity of 
illness and severity of depressive, mixed and psychotic 
symptoms, family history of psychiatric disorders, co
morbid personality disorders and comorbid anxiety or 
hyperkinetic disorders. However, the number of studies, 
which were unable to find such associations either 
equalled or outnumbered those with positive associations. 
The exceptions to this trend were associations of more 
severe manic symptoms (21 studies with positive 
associations and 16 without) and cognitive impairment 
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Table 5  Studies of demographic correlates of medication non-adherence in bipolar disorder

Demographic correlates Studies with positive associations Studies without positive associations Others

Any demographic 
variable

Jamison et al[9], 1979; Aagaard and Vestergaard[118], 
1990; Maj et al[122], 1998; Schumann et al[123], 1999; 
Colom et al[51], 2000; Licht et al[125], 2001; Scott [126], 
2002; Scott and Pope[127], 2002a; Kliendienst and 
Griel[156], 2004; Revicki et al[155], 2005; Yen et al[157], 

2005; Sajatovic et al[59], 2006a; Sajatovic et al[40], 
2008; Taj et al[69], 2008; Sajatovic et al[72], 2009a; 

Clatworthy et al[71], 2009; Martinez-Aran et al[74], 
2009; Sharifi et al[73], 2009; González-Pinto et al[78], 

2010; Cely et al[83], 2011; Murru et al[90], 2012; Bauer 
et al[45], 2013a; Bauer et al[153], 2013b; Jónsdóttir et 
al[99], 2013; Col et al[141], 2014; Sylvia et al[42], 2014; 

Ghaffari-Nejad et al[103], 2015; Levin et al[106], 2015; 
Mert et al[107], 2015

 Young age Frank et al[158], 1985; Kleindienst and Greil[156], 2004; 
Sajatovic et al[143], 2006b; Sajatovic et al[137], 2007a; 

Sajatovic et al[144], 2007b; Johnson et al[61], 2007; 
Baldessarini et al[66], 2008a; Baldessarini et al[138], 2008b; 

Copeland et al[67], 2008; Mazza et al[75], 2009; Bates et 
al[76], 2010; Bauer et al[44], 2010; Hou et al[79], 2010; Perlis 

et al[82], 2010; Lang et al[147], 2011; Savaş et al[85], 2011; 
Barraco et al[88], 2012; Montes et al[150], 2013; Hajda et 

al[104], 2015; Levin et al[106], 2015; Mousavi et al[32], 2016

Danion et al[111], 1987; Maarbjerg et al[113], 1988; 
Lenzi et al[116], 1989; Colom et al[51], 2000; Licht et 

al[125], 2001; Coletti et al[57], 2005; Gonzalez-Pinto et 
al[132], 2006; Drotar et al[133], 2007; Rosa et al[136], 2007; 

Sajatovic et al[144], 2007b; Sajatovic et al[63], 2007 c; 
Zeber et al[68], 2008; Savaş et al[85], 2011; Belzeaux 
et al[95], 2013; Hibdye et al[98], 2013; Murru et al[100], 

2013; Kutzelnigg et al[151], 2014; Azadforouz et 
al[108], 2016

Both young and 
old age- Kessing et 

al[134], 2007

Old age - Lehman 
and Rabins[159], 
2006; Rascati et 

al[148], 2011; Sharma 
et al[94], 2012

Male gender Frank et al[158], 1985; Aagaard et al[112], 1988; Vestergaard 
and Schou[115], 1988; McCleod and Sharp[37], 2001; 
Gonzalez-Pinto et al[132], 2006; Drotar et al[133], 2007; 

Vega et al[139], 2009; Savaş et al[85], 2011; Mousavi et al[32], 
2016

Danion et al[111], 1987; Maarbjerg et al[113], 1988; 
Licht et al[125], 2001; Gonzalez-Pinto et al[132], 2006; 
Rosa et al[160], 2006; Rosa et al[136], 2007; Sajatovic 
et al[143], 2006b; Sajatovic et al[137], 2007a; Sajatovic 
et al[144], 2007b; Sajatovic et al[63], 2007c; Johnson et 

al[61], 2007; Baldessarini et al[66], 2008a; Baldessarini 
et al[138], 2008b; Mazza et al[75], 2009; Bauer et al[44], 

2010; Hou et al[79], 2010; Perlis et al[82], 2010; Rascati 
et al[148], 2011; Sajatovic et al[86], 2011b; Barraco et 
al[88], 2012; Sharma et al[94], 2012; Hibdye et al[98], 
2013; Montes et al[150], 2013; Kutzelnigg et al[151], 
2014; Hajda et al[104], 2015; Azadforouz et al[108], 

2016

Female gender 
- Keck et al[142], 

1996b; Keck et al[121], 
1997; Jose et al[161], 
2003; Sajatovic et 

al[46], 2005; Kessing 
et al[134], 2007; 

Copeland et al[67], 
2008; Zeber et al[68], 
2008; Bates et al[76], 
2010; Belzeaux et 

al[95], 2013; Murru et 
al[100], 2013 

Not married Frank et al[158], 1985; Aagaard et al[112], 1988; Connelly et 
al[109], 1982; Connelly et al[110], 1984; Gonzalez-Pinto et 

al[132], 2006; Sajatovic et al[137], 2007a; Vega et al[139], 2009; 
Perlis et al[82],2010; Sajatovic et al[162], 2011a; Hajda et 

al[104], 2015

Lenzi et al[116], 1989; Licht et al[125], 2001; Gonzalez-
Pinto et al[132], 2006; Sajatovic et al[144], 2007b; 

Sajatovic et al[63], 2007c; Zeber et al[68], 2008; Mazza 
et al[75], 2009; Bauer et al[44], 2010; Hou et al[79], 2010; 
Savaş et al[85], 2011; Barraco et al[88], 2012; Sharma 

et al[94], 2012; Belzeaux et al[95], 2013; Hibdye et al[98], 
2013; Murru et al[100], 2013; Azadforouz et al[108], 

2016; Mousavi et al[32], 2016
Poorly educated Frank et al[158], 1985; Connelly et al[110], 1984; Danion 

et al[111], 1987; Johnson et al[61], 2007; Sajatovic et al[63], 
2007c; Bates et al[76], 2010; Savaş et al[85], 2011; Hajda et 

al[104], 2015; Mousavi et al[32], 2016

Aagaard et al[112], 1988; Maarbjerg et al[113], 1988; 
Gonzalez-Pinto et al[132], 2006; Zeber et al[68], 2008; 

Bauer et al[44], 2010; Hou et al[79], 2010; Perlis et al[82], 
2010; Sharma et al[94], 2012; Belzeaux et al[95], 2013; 

Hibdye et al[98], 2013
Unemployment Aagaard et al[112], 1988; Perlis et al[82], 2010; Hibdye et 

al[98], 2013; Montes et al[150], 2013
Sajatovic et al[63], 2007c; Bauer et al[44], 2010; Hou et 
al[79], 2010; Perlis et al[82], 2010; Savaş et al[85], 2011; 
Barraco et al[88], 2012; Sharma et al[94], 2012; Murru 

et al[100], 2013; Hajda et al[104], 2015
Low socioeconomic 
status or income

DelBello et al[60], 2007; Perlis et al[82], 2010 Aagaard et al[112], 1988; Maarbjerg et al[113], 1988; 
Lenzi et al[116], 1989; Aagaard and Vestergaard[118], 

1990; Johnson et al[61], 2007; Zeber et al[68], 2008; 
Savaş et al[85], 2011; Sharma et al[94], 2012

Ethnic minority status Keck et al[121], 1997; Strakowski et al[49], 1998; Kleindienst 
and Greil[156], 2004; Sajatovic et al[143], 2006b; Sajatovic et 
al[137], 2007a; Sajatovic et al[144], 2007b; Sajatovic et al[63], 
2007c; Johnson et al[61], 2007; Copeland et al[67], 2008; 

Zeber et al[68], 2008; Perlis et al[82], 2010; Rascati et al[148], 
2011; Sajatovic et al[162] 2011a; Sajatovic et al[92], 2012

Fleck et al[58], 2005; Patel et al[131], 2005; Drotar et 
al[133], 2007; Baldessarini et al[66], 2008a; Baldessarini 
et al[138], 2008b; Bates et al[76], 2010; Hibdye et al[98], 

2013; Kutzelnigg et al[151], 2014

Living alone/homeless Lenzi et al[116], 1989; Kleindienst and Greil [156], 2004; 
Sajatovic et al[143], 2006b; Sajatovic et al[137], 2007a; 

Sajatovic et al[144], 2007b

Zeber et al[68], 2008; Montes et al[150], 2013; Murru et 
al[100], 2013; Hajda et al[104], 2015
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Family factors: 
Dysfunction, poor social 
support, negative attitudes

Aagaard et al[112], 1988; Drotar et al[133], 2007; Cely et 
al[83], 2011; Sajatovic et al[162], 2011a; Scott et al[140], 2012; 

Sharma et al[94], 2012; Col et al[141], 2014 

Sajatovic et al[72], 2009a; Sajatovic et al[86], 2011b

BD: Bipolar disorder.

Table 6  Studies of clinical correlates of medication non-adherence in bipolar disorder

Clinical correlates Studies with positive associations Studies without positive associations Others

Early age of onset Aagaard et al[112], 1988; Maarbjerg et al[113], 1988; 
Drotar et al[133], 2007 Perlis et al[82], 2010; Barraco et 

al[88], 2012

Colom et al[51], 2000; Scott and Pope[127], 2002a; Sajatovic 
et al[59], 2006a; Gonzalez-Pinto et al[132], 2006; González-

Pinto et al[78], 2010; Murru et al[90], 2012; Levin et al[106], 2015; 
Azadforouz et al[108], 2016

Later onset - Col et 
al[141], 2014 Hajda et 

al[104], 2015

Short durations 
of illness

Aagaard et al[112], 1988; Maarbjerg et al[113], 1988; 
González-Pinto et al[78], 2010; Belzeaux et al[95], 2013; 

Azadforouz et al[108], 2016

Danion et al[111], 1987; Aagaard and Vestergaard[118], 1990; 
Schumann et al[123], 1999; Colom et al[51], 2000; Licht et 

al[125], 2001; Scott and Pope[127], 2002a; Jose et al[161], 2003; 
Gonzalez-Pinto et al[132], 2006; Taj et al[69], 2008; Sajatovic 
et al[72], 2009a; Hou et al[79], 2010; Savaş et al[85], 2011; Murru 

et al[90], 2012; Sharma et al[94], 2012; Montes et al[150], 2013; Col 
et al[141], 2014

Longer durations - 
Coletti et al[57], 2005; 

Belzeaux et al[95], 
2013

Greater 
number of 
hospitalizations

Aagaard et al[112], 1988; Maarbjerg et al[113], 1988; 
Aagaard and Vestergaard[118], 1990; Colom et 

al[51], 2000; Svarstad et al[52], 2001; Scott[126], 2002; 
Scott and Pope[128], 2002b; Gonzalez-Pinto et al[132], 
2006; Baldessarini et al[138], 2008b; Gianfrancesco 

et al[168], 2008; Hassan and Lage[145], 2009; Lage and 
Hassan[146], 2009; Martinez-Aran et al[74],2009; Vega 
et al[139], 2009; Bates et al[76], 2010; González-Pinto et 
al[78], 2010; Hong et al[84], 2011; Lang et al[147], 2011; 

Savaş et al[85], 2011; Scott et al[140], 2012; Kutzelnigg et 
al[151], 2014

Johnson and McFarland[169], 1996; Keck et al[47], 1996a; 
Schumann et al[123], 1999; Jose et al[161], 2003; Sajatovic et al[59], 

2006a; Sajatovic et al[143], 2006b; Sajatovic et al[144], 2007b; 
Sajatovic et al[40], 2008; Clatworthy et al[71], 2009; Sharifi et 

al[73], 2009; Bauer et al[44], 2010; González-Pinto et al[78], 2010; 
Hou et al[79], 2010; Murru et al[90], 2012; Sharma et al[94], 2012; 

Montes et al[150], 2013; Hajda et al[104], 2015; Azadforouz et 
al[108], 2016

Fewer 
hospitalizations - 
Sajatovic et al[137], 

2007a; Col et al[141], 
2014

Higher total 
number of 
episodes

Danion et al[111], 1987; Gonzalez-Pinto et al[132], 2006; 
Vega et al[139], 2009; Gutiérrez-Rojas et al[81], 2010; 

Murru et al[100], 2013

Lenzi et al[116], 1989; Keck et al[47], 1996a; Jose et al[161], 2003; 
Martinez-Aran et al[74], 2009; Murru et al[90], 2012; Belzeaux 

et al[95], 2013; Col et al[141], 2014

Fewer episodes - 
Colom et al[51], 2000

Higher number of 
manic episodes

Gonzalez-Pinto et al[132], 2006; Vega et al[139], 2009; 
Murru et al[100], 2013

Johnson et al[61], 2007; Zeber et al[68], 2008; Martinez-Aran et 
al[74], 2009; Bates et al[76], 2010; Gutiérrez-Rojas et al[81], 2010; 

Murru et al[90], 2012; Col et al[141], 2014

Fewer hypomanic 
episodes - Colom et 

al[51], 2000
Higher number 
of depressive 
episodes

Danion et al[111], 1987; Gutiérrez-Rojas et al[81], 2010; 
Col et al[141], 2014

Gonzalez-Pinto et al[132], 2006; Johnson et al[61], 2007; 
Martinez-Aran et al[74], 2009; Vega et al[139], 2009; Bates et 

al[76], 2010; Murru et al[90], 2012

Fewer depressive 
episodes - Colom et 

al[51], 2000
Higher number of 
mixed episodes/
rapid cycling

Calabrese et al[56], 2005; Perlis et al[82], 2010 Maarbjerg et al[113], 1988; Colom et al[51], 2000; Sajatovic et 
al[59], 2006a; Gonzalez-Pinto et al[132], 2006; Sajatovic et al[40], 

2008; Martinez-Aran et al[74], 2009; Murru et al[90], 2012; 
Murru et al[100], 2013

BD vs UP 
disorders 

Arvilommi et al[101], 2014; Mert et al[107], 2015 Connelly et al[109], 1982; Maarbjerg et al[113], 1988; Lenzi et 
al[116], 1989; Aagaard and Vestergaard[118], 1990; Schumann 

et al[123], 1999; McCleod and Sharp[37], 2001; Scott and 
Pope[127], 2002a; Taj et al[69], 2008; Ghaffari-Nejad et al[103], 

2015
BP Ⅰ vs BP Ⅱ Martinez-Aran et al[74], 2009; Mazza et al[75], 2009 Jamison et al[9], 1979; Colom et al[51], 2000; Sajatovic et al[59], 

2006a; Sajatovic et al[40], 2008; Baldessarini et al[66], 2008a; 
Baldessarini et al[138], 2008b; Bauer et al[44], 2010; Perlis et 

al[82], 2010; Montes et al[150], 2013; Sylvia et al[42], 2014

Higher in BP Ⅱ - 
Murru et al[100], 2013

Polarity of 
episodes

Gutiérrez-Rojas et al[81], 2010; Montes et al[150], 2013 Danion et al[111], 1987; Maarbjerg et al[113], 1988; Sajatovic et 
al[59], 2006a; Col et al[141], 2014

Overall severity 
of illness

Baldessarini et al[66], 2008a; Sajatovic et al[72], 2009a; 
Sajatovic et al[40], 2008; Bates et al[76], 2010; González-
Pinto et al[78], 2010; Cely et al[83], 2011; Barraco et al[88], 
2012; Sharma et al[94], 2012; Kutzelnigg et al[151], 2014; 

Hajda et al[104], 2015

Danion et al[111], 1987; Nilsson and Axelsson[117], 1989; 
Sajatovic et al[63], 2007 c; Sajatovic et al[72], 2009a; Mazza 
et al[75], 2009; Hong et al[84], 2011; Sajatovic et al[86], 2011b; 
Montes et al[150], 2013; Sylvia et al[42], 2014; Azadforouz et 

al[108], 2016; Sajatovic et al[152], 2016
Manic symptoms Van Putten[20], 1975; Connelly et al[109], 1982; Keck et 

al[47], 1996a; Keck et al[142], 1996b; Lenzi et al[116], 1989; 
Miklowitz et al[171], 2000; Miklowitz et al[172], 2003; 

Bowden et al[130], 2005; Gonzalez-Pinto et al[132], 2006; 
Gaudiano and Miller[173], 2006; Baldessarini et al[66], 
2008a; Copeland et al[67], 2008; Bauer et al[44], 2010; 
González-Pinto et al[78], 2010; Perlis et al[82], 2010; 

Hong et al[84], 2011; Barraco et al[88], 2012; Montes et 
al[150], 2013; Sylvia et al[42], 2014; Levin et al[106], 2015

Colom et al[51], 2000; Rosa et al[136], 2007; Sajatovic et al[59], 
2006a; Sajatovic et al[63], 2007 c; Sajatovic et al[40], 2008; 

Clatworthy et al[71], 2009; Mazza et al[75],2009; Martinez-
Aran et al[74], 2009; Sajatovic et al[86], 2011b; Murru et al[90], 

2012; Belzeaux et al[95], 2013; Hibdye et al[98], 2013; Jónsdóttir 
et al[99], 2013; Ghaffari-Nejad et al[103], 2015; Azadforouz et 

al[108], 2016; Sajatovic et al[152], 2016
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(6 studies with positive associations and 2 without) with 
non-adherence in BD. Finally, a clear association with 
medication non-adherence was evident only in the case 
of two clinical parameters, that is comorbid SUD and 
lack of insight, where the number of studies with positive 
associations far outnumbered the studies without such 
associations.

Treatment-related correlates of medication non-
adherence in BD
Reviews: Several studies have examined the effects 

of different classes of medications, the duration of 
treatment with medications, intensity of treatment, 
i.e., the number of medications and their doses, and 
the complexity of medication regimens on medication 
non-adherence in BD. Reviews of literature have 
found occasional differences in adherence between 
some of the second-generation antipsychotics (SGAs), 
but rates of non-adherence with mood stabilizers 
and antipsychotics have been largely similar[2]. No 
differences have been found between older and newer 
medications; indeed rates of non-adherence in BD 

Depressive 
symptoms

Bowden et al[130], 2005; Gaudiano and Miller[173], 
2006; Johnson et al[61], 2007; Martinez-Aran et al[74], 
2009; Bates et al[76], 2010; Bauer et al[44], 2010; Perlis 

et al[82], 2010; Hong et al[84], 2011; Barraco et al[88], 
2012; Montes et al[150], 2013; Arvilommi et al[101], 2014; 
Bauer et al[45], 2013a; Bauer et al[153], 2013b; Murru et 
al[100], 2013; Gibson et al[97], 2013; Levin et al[106], 2015; 

Azadforouz et al[108], 2016; Sajatovic et al[152], 2016

Colom et al[51], 2000; Miklowitz et al[171], 2000; Miklowitz et 
al[172], 2003; Sajatovic et al[143], 2006b; Sajatovic et al[63], 2007c; 
Rosa et al[136], 2007; Sajatovic et al[40], 2008; Sajatovic et al[72], 

2009a; Clatworthy et al[71], 2009; González-Pinto et al[78], 
2010; Sajatovic et al[86], 2011b; Murru et al[90], 2012; Hibdye 
et al[98], 2013; Sylvia et al[42], 2014; Ghaffari-Nejad et al[103], 

2015

Better adherence 
with depression - 
Lenzi et al[116], 1989

Mixed symptoms Bowden et al[130], 2005; González-Pinto et al[78], 2010; 
Perlis et al[82], 2010

Licht et al[125], 2001; Azorin et al[70], 2009; Hibdye et al[98], 
2013; Ghaffari-Nejad et al[103], 2015

Psychotic 
symptoms

Miklowitz et al[174], 1992; Maj et al[122], 1998; Yen et 
al[157], 2005; Martinez-Aran et al[74], 2009; González-
Pinto et al[78], 2010; Murru et al[90], 2012; Murru et 
al[100], 2013; Levin et al[106], 2015; Sajatovic et al[152], 

2016

Danion et al[111], 1987; Aagaard and Vestergaard[118], 1990; 
Colom et al[51], 2000; Sajatovic et al[59], 2006a; Sajatovic et 
al[40], 2008; Sajatovic et al[72], 2009a; Perlis et al[82], 2010; 

Belzeaux et al[95], 2013; Azadforouz et al[108], 2016

Cognitive 
impairment

Danion et al[111], 1987; Jose et al[161], 2003; Baldessarini 
et al[66], 2008a; Depp et al[175], 2008; Martinez-Aran et 

al[74], 2009; Eker and Harkin[89], 2012

Maarbjerg et al[113], 1988; Jónsdóttir et al[99], 2013

Familial 
psychiatric 
disorder

Drotar et al[133], 2007 Colom et al[51], 2000; Gonzalez-Pinto et al[132], 2006; 
Martinez-Aran et al[74], 2009; Savas et al[85], 2011; Murru et 

al[90], 2012; Col et al[141], 2014; Hajda et al[104], 2015
Poor insight Schumann et al[123], 1999; Greenhouse et al[54], 

2000; Jose et al[161], 2003; Fleck et al[58], 2005; Yen et 
al[157], 2005; Rosa et al[160], 2006; Rosa et al[136], 2007; 

Copeland et al[67], 2008; Sajatovic et al[72], 2009a; 
González-Pinto et al[78], 2010; Cely et al[83], 2011; 

Sajatovic et al[86], 2011b; Savaş et al[85], 2011; Vieta et 
al[93], 2012; Kutzelnigg et al[151], 2014; Mert et al[107], 

2015; Novick et al[176], 2015 

Wong et al[124], 1999; Jonsdottir et al[99], 2013

Comorbid SUD Aagaard et al[112], 1988; Maarbjerg et al[113], 1988; 
Weiss et al[50], 1998; Aagaard and Vestergaard[118], 

1990; Keck et al[121], 1997; Keck et al[48], 1998; 
Strakowski et al[49], 1998; Licht et al[125], 2001; Fleck et 
al[58], 2005; Gonzalez-Pinto et al[132], 2006; Sajatovic 
et al[59], 2006a; Sajatovic et al[143], 2006b; Sajatovic et 
al[137], 2007a; Sajatovic et al[144], 2007b; DelBello et 

al[60], 2007; Manwani et al[135], 2007; Baldessarini et 
al[138], 2008b; Copeland et al[67], 2008; Darling et al[177], 

2008; Zeber et al[68], 2008; Sajatovic et al[72], 2009a; 
van Rossum et al[178], 2009; Vega et al[139], 2009; Bates 

et al[76], 2010; González-Pinto et al[78], 2010; Perlis 
et al[82], 2010; Cely et al[83], 2011; Hong et al[84], 2011; 

Lang et al[147], 2011; Sajatovic et al[162], 2011a; Teter et 
al[179], 2011; Barraco et al[88], 2012; Vieta et al[93], 2012; 

Hibdye et al[98], 2013; Jónsdóttir et al[99], 2013; Montes 
et al[150], 2013; Arvilommi et al[101], 2014

Nilsson and Axelsson[117],1989; Schumann et al[123], 1999; 
Colom et al[51], 2000; Sajatovic et al[63], 2007c; Sajatovic et 

al[40], 2008; Mazza et al[75], 2009; Sharifi et al[73],2009; Rascati 
et al[148], 2011; Sajatovic et al[86], 2011b; Murru et al[90], 2012; 

Sharma et al[94], 2012 Murru et al[100], 2013; Col et al[141], 2014; 
Kutzelnigg et al[151], 2014; Sylvia et al[42], 2014; Mert et al[107], 

2015; Ghaffari-Nejad et al[103], 2015

Comorbid 
personality 
disorders

Danion et al[111], 1987; Aagaard et al[112], 1988; 
Maarbjerg et al[113], 1988; Colom et al[51], 2000; Murru 

et al[100], 2013; Arvilommi et al[101], 2014

Aagaard and Vestergaard[118], 1990; Schumann et 
al[123],1999; Kliendienst and Griel[156], 2004; Mazza et al[75], 

2009; Murru et al[90], 2012; Kutzelnigg et al[151], 2014
Comorbid anxiety 
disorders or 
ADHD

DelBello et al[60], 2007; Baldessarini et al[66], 2008a; Taj 
et al[69], 2008; Perlis et al[82], 2010; Arvilommi et al[101], 

2014

Sajatovic et al[59], 2006a; Sajatovic et al[144], 2007b; Drotar 
et al[133], 2007; Sajatovic et al[40], 2008; Cely et al[83], 2011; 

Rascati et al[148], 2011; Murru et al[90], 2012; Belzeaux et al[95], 
2013; Kutzelnigg et al[151], 2014; Sylvia et al[42], 2014

Better adherence 
with comorbid 

anxiety disorder 
- Baldessarini et 

al[138], 2008b

ADHD: Attention deficit hyperactivity disorder; BD: Bipolar disorder; SUD: Substance use disorders; UP: Unipolar disorder.
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appear to have remained unchanged over the years 
despite the availability of newer medications[4,6,15,17,19]. 
The influence of duration of treatment has been un
certain with non-adherence occurring both in the early 
as well as late phases of treatment[4,15,17,22]. The number 
of medications, higher doses and more complicated 
medication regimes are all expected to increase the 
risk of non-adherence, but even this has not been 
reported consistently[4,10,15,17,18]. The bulk of studies, 
however, have been about side effects of treatment. 
Reviews of non-adherence in BD have found a link 
with side effects among certain studies[3,12,21,23], both 
for side effects associated with mood stabilizers and 
antipsychotics[16,181-184]. However, many others have 
concluded that side effects are often not among the 
major reasons for non-adherence[2,4,6,14,17]. The latter 
reviews also agree in finding that it is the fear or 
concern about side effects that frequently leads to non-
adherence, rather than the actual presence of side 
effects. Inadequate efficacy of medication-treatment 
has also been proposed as a risk factor for non-
adherence in BD, with efficacy in reducing depressive 
symptoms being particularly important from the patient’s 
perspective[3,12,23].

Studies: Similar to the results of studies examining 
demographic and illness related correlates of non-
adherence in BD, studies examining medication-related 
variables have also yielded few unequivocal associations. 
Thus, drug classes, the duration of treatment, greater 
number or higher doses of medications and more 
complex medication regimens were associated with 
non-adherence only in a few studies, while the number 
of studies without such associations were either equal 
in number or far greater. A positive association with 
the presence of side effects was reported in 35 studies; 
more than a-third of these involved lithium. However, 
26 studies did not find a positive association and 17 
studies found that fear of side effects than their actual 
presence had a greater impact on non-adherence. 
Efficacy of treatment had a positive association with 
non-adherence, but only among 12 studies. These 
results are depicted in Table 7.

DISCUSSION
Given its chronic, relapsing and remitting nature as 
well as attendant disability, comorbidity and frequent 
negative therapeutic outcomes, BD is expected to be 
characterized by high rates of treatment non-adherence. 
The existing reviews on medication non-adherence in 
BD (included in Table 1) support this notion by finding 
that about 40% to 50% of the patients with BD do not 
take their medications properly. However most of these 
reviews are several years old and have included about 
25 studies or less in most instances. The current review 
spanned four decades from 1976 to 2016 and was 
based on a more comprehensive search of the existing 
literature on medication non-adherence in BD. It also 

used somewhat broader selection criteria in an effort 
to include data from as many studies as possible. This 
resulted in a much larger list of close to 200 reviews and 
studies on the subject; 132 of these studies were used 
derive rates of medication non-adherence in BD. The 
obvious disadvantage of casting such a broad net was 
the substantial difference in methodologies across the 
studies that formed a part of this review. Though this 
significant heterogeneity did not allow a meta-analysis 
of the data, the results probably reflected a truer and a 
more up to date picture of medication non-adherence in 
BD than some of the existing reviews, simply because 
of the large number of studies included and the longer 
period covered by this review.

The results of the review yielded some notable 
findings about the rate of medication non-adherence 
in BD. To start with there was a wide variation in rates 
of non-adherence ranging from 0%-96%, which was 
more a result of the methodological disparities across 
studies. Nevertheless, the entire group of studies 
yielded an average rate of 41.5% and a median rate 
of 40% for medication non-adherence. When the rates 
were computed excluding outliers with very high or 
low rates, the mean rate of non-adherence rose to 
43% and the median rate to 41%. These rates were 
remarkably similar to those found in the majority of 
previously published reviews (Table 1), which have 
found rates of non-adherence in BD to vary from 8% to 
68% with a mean rate of about 40% and a median rate 
of 41%-42%. Rates of non-adherence were the highest 
for studies of patients on treatment with antipsychotics 
(mean 48%-51%; median 47%-48%) followed by 
studies of patients on all three classes of medications 
(mean 45%; median 41%-43.5%). Surprisingly, the 
rates were significantly lower in studies of patients 
being treated with mood stabilizers (mean 34%-38%; 
median 31.5%-34%). It was not exactly clear why this 
was so, particularly since other studies and reviews 
have not found rates to differ among different classes of 
medications[2,5,6,21,22].

However, studies of mood stabilizers mainly included 
lithium; a significant proportion of them (41%) had 
been conducted in the 1970s to 1990s; and, the 
number of studies with very low rates was higher 
than the other two groups. In direct contrast, studies 
of patients on antipsychotics were conducted more 
recently and were based mostly on claims data, which 
also meant that the sample sizes were very large in 
many of these studies. 

Thus, the overall conclusion from the group of 
studies included in this review is that between a third 
to about half of the patients with BD are medication 
non-adherent. However, there is reason to treat 
these rates with caution because of the considerable 
divergence in study designs. Differences in rates of non-
adherence across studies usually arise principally from 
the definition of adherence used, the nature and size 
of the patient sample included, the setting in which the 
study is conducted, the duration of assessment and 
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the way non-adherence is estimated[4,15,18,80]. Larger 
studies with more representative samples and longer 

durations may be more likely to yield more accurate 
rates of non-adherence. In this review, about half of 

Table 7  Studies of treatment correlates of medication non-adherence in bipolar disorder

Treatment correlates Studies with positive associations Studies without positive associations Others

Differences between 
mood stabilizers

Weiss et al[50], 1998; Revicki et al[155], 2005; 
Baldessarini et al[138], 2008b; Sajatovic et al[137], 2007a

Baldessarini et al[66], 2008a; Darling et al[177], 2008; 
Bauer et al[45], 2013a; Col et al[141], 2014

Differences between 
antipsychotics

Gianfrancesco et al[184], 2005; Gianfrancesco et al[185], 
2006; Hassan et al[186], 2007; Sajatovic et al[144], 2007b; 

Rascati et al[148], 2011; Ibrahim et al[105], 2015

Patel et al[131], 2005; Sajatovic et al[143], 2006b;  
Baldessarini et al[66], 2008a

Differences between 
mood stabilizers and 
antipsychotics or 
antidepressants

González-Pinto et al[78], 2010; Lang et al[147], 2011; 
Murru et al[100], 2013; Arvilommi et al[101], 2014; 

Ibrahim et al[105], 2015

Danion et al[111], 1987; Keck et al[48], 1998; Colom 
et al[51], 2000; Patel et al[131], 2005; Sajatovic et al[143], 
2006b;  Baldessarini et al[66], 2008a; Azorin et al[70], 
2009; Clatworthy et al[71], 2009; Gianfrancesco et 

al[187], 2009; Martinez-Aran et al[74], 2009; Mazza et 
al[75], 2009; Bates et al[76], 2010; Cely et al[83], 2011; 
Savaş et al[85], 2011; Murru et al[90], 2012; Bauer et 
al[153], 2013b; Hibdye et al[98], 2013; Arvilommi et 

al[101], 2014; Hajda et al[104], 2015
Shorter duration of 
treatment

Johnson and McFarland[169], 1996; Colom et al[51], 
2000; Lang et al[147], 2011; Azadforouz et al[108], 2016

Gonzalez-Pinto et al[132], 2006; Drotar et al[133], 
2007; Darling et al[177], 2008; Sharma et al[94], 2012; 

Hibdye et al[98], 2013; Col et al[141], 2014

Longer durations - 
Jamison et al[9], 1979; 

Scott and Pope[127], 2002a 
Kessing et al[134], 2007

Sharifi et al[73], 2009; Short 
and long durations - 

Kutzelnigg et al[151], 2014
Greater number of 
medications

Keck et al[47], 1996a; Revicki et al[155], 2005; 
Baldessarini et al[138], 2008b; Gianfrancesco et al[187], 
2009; Bates et al[76], 2010; Hou et al[79], 2010; Perlis et 
al[82], 2010; Cruz et al[35], 2011; Rascati et al[148], 2011; 
Bauer et al[45], 2013a; Bauer et al[153], 2013b; Ibrahim 

et al[105], 2015

Colom et al[51], 2000; Licht et al[125], 2001; Rosa et 
al[136], 2007; Baldessarini et al[66], 2008a; Darling et 
al[177], 2008; Depp et al[175], 2008; Taj et al[69], 2008; 
Martinez-Aran et al[74], 2009; Bauer et al[44], 2010; 

Sajatovic et al[86], 2011b; Savaş et al[85],2011; Miasso 
et al[91], 2012; Sharma et al[94], 2012; Col et al[141], 

2014; Ghaffari-Nejad et al[103], 2015

Less intensive 
treatment - Johnson and 

McFarland[169], 1996; Keck 
et al[121], 1997; Sajatovic et 
al[59], 2006a; Sajatovic et 
al[143], 2006b; Sajatovic et 
al[137], 2007a; Sajatovic et 
al[144], 2007b; Sajatovic et 

al[40], 2008

Higher doses of 
medications

McCleod and Sharp[37], 2001; Gianfrancesco et al[185], 
2006

Baldessarini et al[66], 2008a; Col et al[141], 2014; 
Hajda et al[104], 2015

Lower doses of 
medications - Mazza et 
al[75], 2009; Bauer et al[44], 

2010
Complex medication 
regimens

Baldessarini et al[138], 2008b; Sajatovic et al[72], 2009a; 
Hibdye et al[98], 2013; Ibrahim et al[105], 2015

Keck et al[48], 1998; Baldessarini et al[66], 2008a; 
Miasso et al[91], 2012; Col et al[141], 2014

Fear of side effects - 
Cochran et al[31], 1984; 

Schumann et al[123], 1999; 
Scott[196], 2000; Scott[126], 

2002; Scott and Pope[127], 
2002a; Scott and Tacchi[197], 
2002; Morselli et al[194], 2003; 
Morselli et al[195], 2004; Fleck 
et al[58], 2005; Rosa et al[160], 
2006; Rosa et al[136], 2007; 
Clatworthy et al[36], 2007; 
Clatworthy et al[71], 2009; 
Sajatovic et al[198], 2009c; 

Kriegshauser et al[199], 2010; 
Cruz et al[35], 2011; Sajatovic 

et al[162], 2011a

Side effects Bech et al[30], 1976; Vestergaard and Amdisen[188], 
1983; Maarbjerg et al[113], 1988; Gitlin et al[189], 1989; 

Nilsson and Axelsson[117], 1989; Aagaard and 
Vestergaard[118], 1990; Maj et al[122], 1998; Weiss et 
al[50], 1998; Licht et al[125], 2001; Kliendienst and 

Griel[156], 2004; Lewis[190], 2005; Bowden et al[130], 2005; 
Calabrese et al[56], 2005; Fleck et al[58], 2005; Revicki 
et al[155], 2005; Johnson et al[61], 2007; Baldessarini et 

al[66], 2008a; Baldessarini et al[138], 2008b; Bates et al[76], 
2010; Mączka et al[191], 2010; Wang and Henning[192], 
2010; Cely et al[83], 2011; Cruz et al[35], 2011; Miasso 

et al[193], 2011; Sajatovic et al[162], 2011a; Teter et 
al[1179], 2011; Eker and Harkin[89], 2012; Sharma et 
al[94], 2012; Belzeaux et al[95], 2013; Gibson et al[97], 

2013; Arvilommi et al[101], 2014; Sylvia et al[42], 2014; 
Ibrahim et al[105], 2015; Mert et al[107], 2015 Ghaffari-

Nejad et al[103], 2015

Van Putten[20], 1975; Jamison et al[9], 1979; Connelly 
et al[109], 1982; Danion et al[111], 1987; Lenzi et 

al[116], 1989; Johnson and McFarland[169], 1996; 
Schuman et al[123], 1999; Scott[196], 2000; Scott[126], 

2002; Scott and Pope[127], 2002a; Morselli et al[194], 
2003; Morselli et al[195], 2004; Pope and Scott[129], 
2003; Roy et al[33], 2005; Sajatovic et al[143], 2006b; 
Drotar et al[133],2007; Rosa et al[160], 2006; Rosa et 

al[136], 2007; Perlis et al[82], 2010; Savaş et al[85], 2011; 
Barraco et al[88], 2012; Vieta et al[93], 2012; Hibdye et 
al[98], 2013; Jónsdóttir et al[99], 2013; Kutzelnigg et 

al[151], 2014; Col et al[141], 2014

Efficacy Bech et al[30], 1976; Jamison et al[9], 1979; Miklowitz et 
al[171], 2000; Miklowitz et al[172], 2003; Lewis[190], 2005; 

Fleck et al[58], 2005; Patel et al[131], 2005; Gaudiano 
and Miller[173], 2006; Drotar et al[133], 2007; Johnson et 
al[61], 2007; Sajatovic et al[198], 2009c; Cely et al[83], 2011

BD: Bipolar disorder. References in Tables 2-4 and text (No. 155-199).
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the studies had less than 100 patients (48%) while 
studies with 100-500 patients formed a significant 
proportion of the total number of studies (39%) 
Studies with large and more representative samples 
(naturalistic studies with > 500 patients) were fewer 
(14%) but the mean rate of 49% obtained from them 
was higher than the mean rate of 41.5%-43% obtained 
for the entire group. Studies with longer durations (> 
1-10 years) formed 25% of the sample. However, the 
mean rate of non-adherence (36%) among studies 
with longer durations was lower than the average rate 
of 41.5%-43% of the entire group. This was possibly 
due to fact that the bulk of studies with long durations 
involved mood stabilizers, a group in which mean rates 
of non-adherence (34%-38%) were lower than that for 
other medication classes. Different types of subjective 
and objective methods are often used to estimate 
adherence. In the absence of a “gold standard” the use 
of more than one method is recommended as the next 
best alternative[2,6,12,14,27]. In this review the majority of 
studies (54%) had used either self-reports or clinical 
interviews to estimate adherence; a smaller proportion 
(11%) used claims data. The low proportion of studies 
using multiple measures of adherence (29%) could 
thus cast some doubts on the rates of non-adherence 
obtained in this review.

A major problem of research in the area of de-
terminants of non-adherence in BD has been the exclusive 
focus on demographic, illness and treatment related 
predictors of non-adherence[3,6,13,15,127]. This has been 
largely driven by the traditional medical model and 
compliance-based approaches to the problem of non-
adherence in BD. As demonstrated in this review, 
studies examining demographic, illness and treatment 
related variables (numbering close to 160) far exceeded 
those that focused on patient-related factors such as 
attitudes and beliefs about medications, relationship 
with the clinician, knowledge about the illness and the 
influence of the wider socio-cultural environment on 
medication taking in BD. Social and cultural factors are 
of potential importance and likely to play a major role in 
determining treatment-adherence in BD[154]. However, 
despite the large number of studies and the long list of 
variables examined, the search to identify demographic, 
illness and treatment related factors associated with 
non-adherence in BD has yielded little of note. This 
review found that none of the demographic attributes of 
patients such as age, gender, marital status, education, 
employment, income or social disadvantage were 
consistently linked to medication non-adherence in BD. 
Among clinical characteristics the presence of comorbid 
SUD and the absence of insight were the only two 
factors consisted associated with non-adherence with 
BD. The severity of manic symptoms appeared to show 
some association with non-adherence among studies of 
BD included in this review, as did cognitive impairment 
in a few studies. Given that about half or more of the 
patients with BD might have a comorbid SUD, the 
usefulness of this determinant has been questioned[8]. 

Lack of insight is expected to adversely affect adherence 
more so among patients in acute symptomatic phases 
of mania. However, the role of insight is less certain in 
other phases such as depression or in the inter-episodic 
period. Moreover, lack of insight is only one among 
several influences on non-adherence in BD; therefore, 
the presence of adequate insight by itself may not be 
enough to ensure adherence. In accordance with several 
previous reviews[2,4,6,10,15] medication-related variables 
such as the types of medications, duration of treatment, 
greater number of medications, higher doses and 
complexity of treatment regimens did not demonstrate 
consistent associations with non-adherence among 
studies of BD included in this review. Earlier reviews of 
non-adherence in BD have found a link with side effects 
of medications[3,12,21,23]. A positive association with the 
presence of side effects was reported in 35 studies of 
this review; more than a-third of these involved lithium. 
At the same time almost an equal number of studies 
did not find a positive association and many found that 
fear of side effects than their actual presence had a 
greater impact on non-adherence. This indicates that 
side effects are often not among the major reasons for 
non-adherence in BD and that fear or concern about 
side effects (an attitudinal variable) may be the more 
important determinant[2,4,6,17,167].

There could be several reasons for the unequivocal 
findings regarding clinical and socio-demographic 
determinants of non-adherence in BD. The simplified 
and dichotomous approach to examining the association 
between these parameters and non-adherence in BD 
has usually ignored the complex relationship between 
several such variables. For example, the link with manic 
symptoms could well be related to the lack of insight or 
cognitive impairment during episodes rather than the 
severity of symptoms. Moreover, the pathways through 
which demographic and illness or medication related 
variables influence could include subjective factors such 
as attitudes, knowledge or other socio-environmental 
influences. Therefore, though some of these factors 
such as comorbid SUD or lack of insight may identify 
patient groups at higher risk for non-adherence, they 
cannot identify which of the patients from these high 
risk groups will go on to develop non-adherence.

Despite being based on a comprehensive search 
and a much larger number of studies than earlier 
reviews, the findings of this review were not without 
their limitations. Many reviews on the management 
of BD, which mention the problem of non-adherence 
in passing have not been included. In all likelihood the 
number of studies on medication non-adherence in BD 
is larger than the current list of studies, because some 
studies especially those publications not in English 
were probably missed. The relative lack of studies 
from non-Western countries was also a handicap. 
However, the principal shortcoming was the difficulty 
of drawing reliable conclusions from studies with 
such widely disparate methodologies. Nevertheless, 
it was quite evident that the rate of medication non-
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adherence in BD was quite high and no different from 
other chronic psychiatric or medical disorders. The 
failure of demographic, illness and treatment related 
factors to predict non-adherence was also not entirely 
unexpected. However, this emphasizes the importance 
of other patient orientated factors in determining non-
adherence in BD. Research over the last two decades or 
so has consistently endorsed the significance of several 
such factors including patients’ attitudes and beliefs 
about medications, their treatment alliance with the 
health-care provider, their knowledge and causal beliefs 
about the illness, the influence of the family, and the 
role of stigma and treatment-access in determining non-
adherence in BD[200]. A patient-centred approach to non-
adherence in BD is also in consonance with the current 
theoretical perspectives on medication-taking behaviour 
and the emphasis on combining pharmacological 
and psychosocial strategies to enhance adherence in 
BD[201]. Therefore, future research which combines 
some of more consistent clinical and demographic 
correlates with patient-centred determinants is likely 
to predict non-adherence in BD with a greater degree 
of accuracy. Such an approach may also lead to a 
better understanding of this complex phenomenon and 
suggest more effective ways to deal with the continuing 
challenge of medication non-adherence in BD. 
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