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Patient Registries of Acute Coronary Syndrome
Assessing or Biasing the Clinical Real World Data?

Ignacio Ferreira-Gonzédlez, MD, PhD; Josep R. Marsal, BSc; Francesca Mitjavila, MD;
Antoni Parada, BSc; Aida Ribera, BSc, PhD; Purificaciéon Cascant, RN; Nuria Soriano, MD;
Pedro L. Sanchez, MD, PhD; Fernando Arés, MD, PhD; Magda Heras, PhD, MD;
Héctor Bueno, PhD, MD; Jaume Marrugat, MD, PhD; José Cuiat, MD, PhD;
Emilia Civeira, MD, PhD; Gaieta Permanyer-Miralda, MD, PhD

Background—The risk of selection bias in registries and its consequences are relatively unexplored. We sought to assess
selection bias in a recent registry about acute coronary syndrome and to explore the way of conducting and reporting
patient registries of acute coronary syndrome.

Methods and Results—We analyzed data from patients of a national acute coronary syndrome registry undergoing an audit
about the comprehensiveness of the recruitment/inclusion. Patients initially included by hospital investigators (n=3265)
were compared to eligible nonincluded (missed) patients (n=1439). We assessed, for 25 exposure variables, the
deviation of the in-hospital mortality relative risks calculated in the initial sample from the actual relative risks. Missed
patients were of higher risk and received less recommended therapies than the included patients. In-hospital mortality
was almost 3 times higher in the missed population (9.34% [95% CI, 7.84 to 10.85] versus 3.9% [95% CI, 2.89 to 4.92]).
Initial relative risks diverged from the actual relative risks more than expected by chance (P<<0.05) in 21 variables, being
higher than 10% in 17 variables. This deviation persisted on a smaller degree on multivariable analysis. Additionally,
we reviewed a sample of 129 patient registries focused on acute coronary syndrome published in thirteen journals,
collecting information on good registry performance items. Only in 38 (29.4%) and 48 (37.2%) registries was any audit
of recruitment/inclusion and data abstraction, respectively, mentioned. Only 4 (3.1%) authors acknowledged potential
selection bias because of incomplete recruitment.

Conclusions—Irregular inclusion can introduce substantial systematic bias in registries. This problem has not been
explicitly addressed in a substantial number of them. (Circ Cardiovasc Qual Outcomes. 2009;2:540-547.)

Key Words: acute coronary syndrome m selection bias

Patient registries (PRs) are organized systems using obser-
vational study methods to collect uniform data to evalu-
ate specified outcomes for a population defined by a partic-
ular disease with predetermined scientific, clinical, or policy
purposes.! Because well-designed and well-performed PRs
can provide a real-world view of clinical practice, they are
increasingly popular. Furthermore, the information they pro-
vide is sometimes used in clinical guidelines to establish the
range of benefit or harm of interventions.?

Historically, there has been a lack of standards for con-
ducting and reporting methods and results for PRs.! Addi-
tionally, the magnitude of biases introduced by an inade-
quately performed registry is not a usually explored issue.
However, registries are more prone to biases, especially

selection bias, than randomized clinical trials.® “Selection
bias” (SB) refers to situations where the procedures used to
select study subjects lead to an effect estimate among those
participating in the study that is different from the estimate
that is obtainable from the target population.*

The present study has 2 hypotheses. We first proposed that
the absence of quality control in a registry may result in
misleading conclusions attributable to SB. Thus, we exam-
ined the magnitude of the potential SB in a recent registry of
acute coronary syndrome (ACS) and its influence on both the
outcome event rates and the association between exposures
and in-hospital mortality. We also hypothesized that although
recommendations have been produced to conduct and report
registries so as to prevent bias,'-> they are often insufficiently
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complied with. Therefore, we did a systematic literature
survey to assess how registries of ACS have been reported in
13 prominent journals.

WHAT IS KNOWN

® Use of patient registries is common, because they
can be used for multiple purposes and require fewer
resources than randomized clinical trials.

® Well-designed and well-performed patient registries
can provide a real-world view of clinical practice.

WHAT THE STUDY ADDS

® In the absence of careful quality control, systematic
error attributable to selection bias is a real possibility
in patient registries.

® Most patient registries about acute coronary syn-
drome recently published may be flawed because of
a lack of quality control.

® The way of reporting many currently published
registries about acute coronary syndrome is subop-
timal, thus limiting the assessment of their validity.

Methods

Selection Bias in an Actual Registry

We used data from MASCARA, a previously reported®’ observa-
tional study in 50 Spanish hospitals selected on a random basis (34
had angiography capability). From October 2004 to June 2005, all
consecutive patients =18 years within 24 hours of the onset of
anginal pain at rest were eligible. Patients were finally included if
ACS was confirmed during admission according to specific clinical,
ECG, and laboratory findings.®” The exclusion criteria included
impossibility to follow-up, myocardial ischemia triggered by a
noncardiac cause, and concomitant noncardiac disease with a life
expentancy of less than 12 months.®7 Participating hospitals were
encouraged to enroll consecutive patients. At each site, the desig-
nated physician identified those patients fulfilling inclusion criteria
and having no exclusion criteria, requested the informed consent and
classified the patients into ST-segment elevation ACS, non-ST-
segment elevation ACS, and unclassified ACS according to the ECG
findings at admission. Thereafter, specifically trained external re-
searchers recorded demographic and clinical data, in-hospital treat-
ment, and outcomes on standardized case report forms.

Quality Control in the MASCARA Study

To assess the presence of potential SB, a post hoc quality control was
carried out to ensure consecutive enrollment. In a first step, the
hospitals episode statistics of diagnoses related to ACS (410, 411,
413, and 414) were requested to all centers. Only 17 of 50 centers
agreed to participate in the quality control. The coordinating center
(Vall d’Hebron Hospital, Barcelona) cross-checked the hospital
episode statistics database with MASCARA database to find nonin-
cluded eligible patients. All located cases who met inclusion criteria
were retrospectively included after a careful review of each clinical
record. The initial cohort, prospectively obtained from the 17 centers
before quality control, constituted the “prospective cohort.” The
second cohort of nonincluded eligible patients obtained after cross-
checking constituted the “retrospective cohort.” Finally, the sample
resulting from assembling both the prospective sample and the
retrospective samples constituted the “actual cohort.” Study investi-
gators were unaware that a quality control was going to be carried
out after the data collection. The strategy for the data quality
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assurance in centers that did not participate in this quality control is
reported in detail elsewhere.”

Statistical Analysis

The coordinating center was excluded from the analyses because it
had undergone a strict continuous quality control and its investiga-
tors were aware of the study development. In the 17 centers
undergoing quality control we assessed the differences in the rates of
baseline prognostic variables, treatments during hospitalization, and
outcome variables between the prospective cohort and the retrospec-
tive cohort. Discrete variables were compared using Fisher test and
continuous variables using Student ¢ test or Mann—Whitney U test
where appropriate.

We assessed the impact of SB on the association between the
exposure variables (ie, baseline prognostic and treatment related
variables) and the in-hospital mortality using a bivariate and a
multivariable approach. In the bivariate approach we compared, for
each variable, the initial relative risks (RRs; ie, using only the
prospective sample) with the actual RRs (ie, after assembling the
prospective sample with the retrospective sample). We quantified
the relative difference between both RRs in absolute value (ie, ABS
[RR in the prospective cohort — RR in the actual cohort]/RR in the
actual cohort). To compute the statistical significance of the differ-
ence between the actual RRs and the initial RRs we obtained the Z
value from the standardized difference after applying a logarithmic
transformation to normalize the distributions of both the actual and
the prospective RRs.?

For the multivariable approach we built a nonparsimonious model
from the prospective cohort to simultaneously control for all the
exposure variables. We used a multilevel approach using generalized
estimating equations to take into account the clustering of observa-
tions within hospitals. Thereafter the same model was applied in the
actual cohort to analyze the change in the odds ratio estimations.
Relative differences between odds ratio (OR) estimations in the
prospective and actual cohort were quantified in the same manner as
in the bivariate approach.

All statistical analyses were done using SAS and SPSS software;
for the logistic multivariable approach, we used STATA software.

Systematic Survey

Once the potential influence of SB on the results was assessed in a
real study, we investigated to what extent registries published in
medical literature might be prone to SB.

Eligibility Criteria

We included ACS registries, regardless of their predetermined
purpose. We defined “PR” as any observational study conducted in
a specific population defined by a particular disease to evaluate
specific outcomes. We restricted the review to prospective and
longitudinal studies with forward design, that is, those studies in
which the outcome of interest was not present in the moment of
initiating the study (ie, case—control, cross-sectional, or retrospective
cohort studies were not considered eligible) and focused on ACS (ie,
those in which the target population of the study were hospitalized
patients for any type of ACS). Community-based studies on patients
with history of ACS were not considered eligible.

Literature Search

An experienced librarian (A.P.) used Medline to search electroni-
cally 7 high-impact general medicine journals (Lancet, Annals of
Internal Medicine, JAMA, New England Journal of Medicine,
American Journal of Medicine, British Medical Journal, Archives of
Internal Medicine) and 6 cardiology journals (Circulation, Journal
of the American College of Cardiology, European Heart Journal,
Heart, American Heart Journal, and American Journal of Cardiol-
ogy) in the last 3 years. This search was carried out until February
2008. A combination of MeSH terms and free text words searched in
different fields were used (Appendix I).
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Study Selection

Two investigators (I.F.-G. and F.M.), working independently, used
standardized forms to establish whether abstracts of articles identi-
fied met the eligibility criteria (as defined above). They retrieved the
full text of all potentially eligible articles. The same reviewers
independently assessed eligibility of the full text articles with
standardized forms and resolved discrepancies by discussion. An
arbitrator (G.P.-M.) resolved any remaining discrepancies.

Data Extraction and Data Analysis

Two reviewers (I.F.-G. and F.M.), trained in health research meth-
ods, independently extracted data using a standardized form. Re-
viewers collected information on general characteristics such as the
target population, number of participating hospitals, sample size,
follow-up period, number of patients lost to follow-up, and ethical
aspects. We were interested in the type of recruitment of the eligible
population. We predefined 4 types: consecutive without interrup-
tions, consecutive with predefined interruptions (eg, the first week of
each month of the study period), administrative database (ie, the
eligible population was located from pre-existent administrative
databases created for other purposes), or other types (ie, not
belonging to the mentioned categories). The 2 first categories
corresponded to the gold standard to avoid SB, because all eligible
patients presenting during the enrolment period would be included.
Registries from administrative databases may also avoid SB® but
may be otherwise problematic.!® In addition, we specifically rec-
orded whether authors acknowledged the possibility of missing
patients during recruitment, if there was any action to retrospectively
locate and include missing patients and if they acknowledged the
possibility of selection bias because of incomplete recruitment. We
specifically sought whether any quality control of the selection/
inclusion process or the data abstraction process was mentioned. We
defined quality control of the selection/inclusion process as any audit
aimed at assessing whether all eligible patients were finally included
and whether the included patients actually met the inclusion criteria.
We defined quality control of the data abstraction process as any
structured process to ascertain the quality of data, such as (1) training
data collectors, (2) continuous feedback to data sites on issues such
as missing or out-of-range values and logical inconsistencies, (3)
checking of data consistence across sites, and (4) reviewing screen-
ing logs and procedures or samples of data.!

Because some of the retrieved articles corresponded to several
publications of the same study, the information concerning ethical
issues, type of recruitment of the eligible populations, and quality
control data were considered to be present in the study if any of the
articles from the same study mentioned it. Articles that referenced
other articles from the same study which had not been included in the
sample but contained potentially relevant information were also
reviewed so as to complete, if needed, the information required for
our study.

The k statistic provided a measure of interobserver agreement
independent of chance on the eligibility of registries.

The authors had full access to the data and take responsibility for
its integrity. All authors have read and agree to the manuscript as
written.

Results

Selection Bias in the MASCARA Study

In the 17 centers, quality control identified 1439 eligible
patients who had not been initially included, thus increasing
the sample size from 3265 patients before the retrospective
search to 4704 in the final actual sample size. Table 1 shows
the differences between the initial prospective cohort and the
retrospective cohort. Almost all the baseline risk variables
were substantially more prevalent in not initially included
patients, thus raising the global risk of the final actual cohort.
By contrast, the majority of recommended therapies were less
often used and, excepting for unclassified acute coronary

November 2009

syndrome, their in-hospital mortality was almost 3 times
higher.

Table 2 shows the impact of SB on the association between
exposure variables and the in-hospital mortality. The initial
RRs would have underestimated and overestimated to some
extent the actual RRs in 17 and 7 variables, respectively. This
deviation was higher than expected by chance in 21 variables
(P<0.05), and it was higher than 10% in 17. The highest
deviation rate occurred with the treatment-related variables;
in 1 (glycoprotein IIb/Illa inhibitors) the direction of the
association shifted from nonconclusive to protective effect.

Table 3 shows the impact of SB as assessed by multilevel
regression analysis. ORs of in-hospital mortality were under-
estimated and overestimated in the prospective cohort in 10
and 12 variables, respectively. Although there were not
statistically significant differences between prospective ORs
and actual ORs, the deviations were higher than 10% in 14
variables. There was not any change in the direction of the
associations, but the variable “gender” lost statistical signif-
icance whereas the variables “coronary care unit admission”
and “statin therapy” reached significance when applying the
model in the actual cohort. In both the prospective and the
actual cohorts, the variance of the intercept was statistically
significant (0.51 and 0.86 respectively; P<<0.001), indicating
a cluster effect related to hospital level.

Systematic Survey

We retrieved 414 abstracts, from which we identified 169
potentially eligible registries, of which 129, corresponding to
77 studies (several studies had more than 1 substudy), proved
eligible on consensus review of the full text (Figure). The
agreement on eligibility was excellent (k=0.91; 95% CI, 0.87
to 0.95).

Table 4 shows the information, by articles and by studies,
concerning general and methodological characteristics. In
112 of 129 (86.8%) articles, the authors mentioned that they
intended to recruit the eligible population consecutively
either without or with predefined interruptions. In 14 articles
(10.9%) there was no statement about the type of recruitment.
In 7 articles (3 studies), the authors declared that patients
initially missed during recruitment had been subsequently
located and were finally retrospectively included. Only 4
articles (2 studies) acknowledged the possibility of SB
because of incomplete recruitment.

Out-of-hospital follow up was reported in 93 (72%) of the
articles. Only 60 of these 93 (64.5%) reported data about the
proportion of patients lost to follow-up, being lower than 5%
in most. Of 9 articles with more than 5% of patients lost to
follow-up, the resulting potential bias was acknowledged in
only 2 (22.2%).

Only in 29.4% quality control of the selection/inclusion
process was reported. Specific actions to control the data
abstraction process were mentioned in 48 publications
(37.2%) from 15 studies (19.5%).

Discussion
Our analyses show that irregular inclusion can introduce
substantial bias in registries and that this problem has not
been explicitly addressed in a substantial number of them,
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Table 1. Difference in the Baseline Risk Variables, Variables Related to Treatment, and Outcomes Variables Between the Prospective

Cohort and the Retrospective Cohort

Prospective Cohort (n=3265) Retrospective Cohort (n=1439) Actual Cohort (4704)
% or Mean (SD) 95% Cl % or Mean (SD) 95% Cl P % or Mean (SD) 95% Cl
Type of ACS
STEACS 42.8 41.1-44.4 36.3 33.8-38.8 <0.0001 40.8 39.4-42.2
NSTEACS 53 51.3-54.7 56.3 53.7-58.8 <0.0001 54 52.6-55.4
Unclassified ACS 43 3.6-4.9 74 6.1-8.8 <0.0001 5.2 4.6-5.9
Baseline risk variables
Age, y 66.5 (12.8) 66-66.9 69.5 (12.9) 68.8-70.2 <0.0001 67.3(12.9) 66.9-67.7
>70y 44.4 42.7-46.1 54.6 51.8-57.4 <0.0001 47.2 45.8-48.7
Gender (female) 25.5 24.1-27 324 30-34.8 <0.0001 27.6 26.4-28.9
CCU admission 63.8 62.1-65.4 48.4 45.8-51 <0.0001 59 57.6-60.5
Diabetes 29.5 28-31.1 33.1 30.6-35.5 0.02 30.6 29.3-31.9
Hypertension 59 57.3-60.7 61.6 59.1-64.1 0.09 59.8 58.4-61.2
Hypercholesterolemia 49.1 47.4-50.8 46.3 43.8-48.9 0.09 48.3 46.8-49.7
Active smoking status 29.8 28.2-31.3 22.3 20.2-24.5 <0.0001 27.5 26.2-28.8
Peripheral artery disease 10.7 9.7-11.8 10.1 8.6-11.7 0.6 10.5 9.7-11.4
Previous myocardial infarction 214 20-22.8 26.6 24.3-28.9 <0.0001 23 21.8-24.2
<1 mo 1.1 0.7-15 21 1.3-2.8 0.01 1.4 1.1-1.7
Renal failure history 5.7 49-6.5 8.9 7.4-10.4 <0.0001 6.7 6-7.4
Elevated cardiac biomarkers 771 75.6-78.6 80.4 78.3-82.5 0.01 781 76.9-79.3
Killip class
| 79.4 78-80.8 72.7 70.4-75 77.3 76.1-78.5
I 13.5 12.3-14.7 16.7 14.7-18.6 <0.0001 14.5 13.4-15.5
-1V 71 6.2-8 10.6 9-12.2 8.2 7.4-9
SBP, mm Hg 143.5 (30.4) 142.5-144.6 141 (30.2) 139.4-142.6 0.01 142.8 (30.4) 141.9-143.6
DBP, mm Hg 81.5(17.3) 80.9-82.1 78.9 (16.9) 78-79.8 <0.0001 80.7 (17.3) 80.2-81.2
Creatinine >1.4 mg/DL 12.5 10.7-14.2 16.9 14.9-18.8 <0.001 13.8 12.8-14.8
Treatment during hospitalization
Aspirin 96 95-97 90.3 88.7-91.8 <0.0001 94.3 93.6-94.9
Clopidogrel 722 69.9-74.5 60.7 58.2-63.3 <0.0001 68.7 67.4-70
GP lib/llla inhibitors 29.1 26.7-31.4 141 12.3-15.9 <0.0001 245 23.3-25.7
B-blockers 82.4 80.4-84.3 61.4 58.9-63.9 <(0.0001 76 74.7-77.2
Statins 86.2 84.4-88 65.9 63.5-68.4 <0.0001 80 78.8-81.1
ACE inhibitors 71.2 68.8-73.5 471 44.5-49.7 <0.0001 56.7 55.3-58.1
Coronary angiography 71.4 69.1-73.7 51.7 49.2-54.3 <0.0001 65.3 63.8-66.7
<24 h 16.3 14.4-18.2 94 7.9-10.9 <0.0001 14.2 13.2-15.2
Outcomes
In-hospital mortality 3.9 2.9-49 9.3 7.8-10.8 <0.0001 5.6 4.9-6.2
STEACS 4.9 3.8-6 14 12.2-15.8 <0.0001 74 6.7-8.2
NSTEACS, % 2.7 1.9-3.6 6.6 5.3-7.8 <0.0001 4 3.4-45
Unclassified ACS 8 6.6-9.4 7.5 6.1-8.8 1 7.8 7-8.5
Major hemorrhage 2.3 1.5-3.1 2.5 1.7-33 0.7 24 1.9-2.8
Stroke 1.2 0.7-1.8 1.5 0.9-2.2 04 1.3 0.99-1.64

ACS indicates acute coronary syndrome; STEACS, ST-segment elevation acute coronary syndrome; NSTEACS, non-ST-segment—elevation acute coronary
syndrome; CCU, coronary care unit; SBP, systolic blood pressure; DBP, diastolic blood pressure; GP, glycoprotein; and ACE, angiotensin-converting enzyme.

where the relevant information is incomplete. In MASCARA
registry, patients who had been missed for prospective
inclusion (30.6%) had higher risk and received definitely less
recommended therapies than those initially included. More-
over, mortality of this missed cohort was almost 3 times

higher than the mortality of the prospective cohort. Therefore,
incomplete recruitment/inclusion appears to have resulted in
an underestimation of the global baseline risk, an overesti-
mation of the rate of therapies applied, and, more importantly,
an underestimation of in-hospital mortality. This deviation
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Table 2. Differences in the Magnitude of Association of Baseline and Treatment Variables With In-Hospital Mortality in the
Prospective, Retrospective, and Actual Cohorts (Bivariate Approach)

Prospective Retrospective Actual Cohort Relative Strength of
Cohort (n=3265), Cohort (n=1439), (n=4704), Difference, % Association  Standardized
RRp (95% Cl) RRa (95% Cl) RRa (95% Cl) (RRp-Rra)/RRa* Before QC Difference P Value
Type of aACS
STEACS (reference)
NSTEACS 0.56 0.55-0.57 047 0.45-048 054 0.53-0.54 37 Underestimated 5.72 <0.0001
Unclassified ACS 162 1.54-1.7 0.53 0.5-0.56 1.05 1.01-1.09 54.3 Overestimated 23.2 <0.0001
Baseline risk variables
>70y 372 357-39 3.19 3-34 375 3.63-3.88 0.8 Underestimated -0.5 0.62
Gender (female) 1.74  1.63-1.85 140 1.29-1.52 1.66 1.58-1.75 48 Overestimated 1.8 0.08
CCU admission 136 1.32-14 257 241-2.74 1.67 1.62-1.71 18.6 Underestimated —14.4 <0.0001
Diabetes 165 1.56-1.75 1.95 1.8-2.12 1.86 1.78-1.95 11.3 Underestimated -5 <0.0001
Hypertension 131 1.27-1.35 1.07  1.01-1.13 1.20 1.17-1.24 9.2 Overestimated 6.1 <0.0001
Hypercholesterolemia 0.79 0.76-0.82 0.68 0.64-0.73 0.72 0.69-0.74 9.7 Underestimated 5.8 <0.0001
Active smoking status 052 0.49-055 050 0.46-0.56 047 04505 10.6 Underestimated 3.7 <0.0001
Peripheral arterial disease 1.94 1.75-2.15 111 0.94-1.31 148 1.36-1.62 311 Overestimated 6 <0.0001
Previous myocardial infarction  1.45  1.35-1.55 0.79 0.72-0.87 113 1.07-1.19 28.3 Overestimated 9 <0.0001
<1 mo 3.67 2.58-5.2 1.81 1.23-268 279 2.15-3.61 315 Overestimated 21 0.04
Renal failure history 271 2.34-3.14 234  1.94-2.82 2.74  2.44-3.07 1.1 Underestimated -0.1 0.9
Elevated cardiac biomarkers 271 2.65-2.78 2.89 273-3.07 290 2.84-2.96 6.5 Underestimated —6.5 <0.0001
Killip class
I 403 392-414 448 423-474 448 4.36-46 10 Underestimated -7.9 <0.0001
-1V 129 12.02-13.83 11.4 10.01-12.96 13.03 12.21-13.9 1.1 Underestimated -0.3 0.75
Creatinine >1.4 mg/dL 3.86 3.5-4.26 478 4.15-5.51 461 4.26-5 16.3 Underestimated —-4.3 <0.0001
Treatment variables
Aspirin 0.36 0.33-0.38 029 0.27-0.33 0.25 0.23-0.27 44 Underestimated 10.9 <0.0001
Clopidogrel 0.30 0.29-0.3 0.33 0.32-0.35 029 0.28-0.29 34 Underestimated 2.4 0.02
GP lib/llla inhibitors 1.04 0.98-11 0.65 057-0.74 074 0.71-0.78 40.5 Underestimated 12.48 <0.0001
B-blockers 014 0.13-0.14  0.07 0.07-0.07 010  0.1-0.11 40 Underestimated 18.1 <0.0001
Statins 0.21 0.2-0.22  0.09 0.08-0.1 0.14 0.13-0.14 50 Underestimated 25.2 <0.0001
ACE inhibitors 037 035-0.38 0.15 0.14-0.16  0.23 0.22-0.24 60.9 Underestimated 219 <0.0001
Coronary angiography during 0.57 0.55-0.59 0.32 0.3-0.34 0.38 0.37-0.39 50 Underestimated 30.1 <0.0001
hospitalization
Coronary angiography during 203 1.87-22 159 1.33-1.89 1.61  1.49-1.73 26.1 Overestimated 6.1 <0.0001

first 24 h

RRp indicates relative risk in the prospective cohort; RRr, relative risk in the retrospective cohort; RRa, actual relative risk; QC, quality control; NSTEACS,
non-ST-segment—elevation acute coronary syndrome; STEACS, ST-segment-—elevation acute coronary syndrome; CCU, coronary care unit; GP, glycoprotein; and ACE,
angiotensin-converting enzyme.

*Relative difference in absolute value between the RRp and the RRa.

was also obvious for the association between exposure
variables and in-hospital mortality in both univariate and
multivariate analysis. Concerning the systematic overview,
although the majority of reviewed articles reported that they
intended consecutive enrolment, a quality control was carried
out in less that one third of the reviewed studies, and only in
2 of 129 articles the possibility of SB because of incomplete
recruitment was acknowledged.

The Grading of Recommendations Assessment, Develop-
ment, and Evaluation Working Group noted that as random-
ized trials are not always feasible, in some instances obser-
vational studies may provide valid evidence.!" However,
although the methodological assessment of published RCTs

is the rule, such practice seems less stringent concerning PRs,
even if it is well known that registries are more prone to bias
because of their nonexperimental design.!

MASCARA registry provides a real example about how
SB may affect the estimated rates of clinically relevant
variables. This is especially problematic when the first aim of
the registry is the estimation of risk. Remarkably, the popu-
lation initially missed was systematically of higher risk than
the population included. Additionally, a registry could be an
incentive for enrolling only patients who either are at low risk
of complications or have not suffered them, thus biasing the
results toward lower event rates. In any case, the mechanisms of
our findings and their generalizability deserve further study.
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Table 3. Differences in the Magnitude of Association of Baseline and Treatment Variables With In-Hospital Mortality Between the

Prospective and Actual Cohorts (Multivariable Approach)

Prospective Relative Strength of
Cohort, ORp Actual Cohort, Difference, % Association Standardized P
(95% Cl) P ORp (95% Cl) P (ORp-ORa)/ORa* Before QC Difference Value
Type of ACS
STEACS (reference)
NSTEACS 0.62 0.36-1.09 0.094 0.65 0.39-1.08 0.09 3.93 Overestimated —0.15 0.88
Unclassified ACS 1.00 0.39-2.60 099 0.80 0.33-1.93 0.63 24.6 Underestimated 0.49 0.62
Baseline risk variables
Age 1.05 1.02-1.08  <0.001 1.05 1.02-1.07 <0.001 0.4 . 0.3 0.75
Gender (female) 1.74  1.02-2.97 0.04 157 097-2.55 0.07 104 Overestimated 0.4 0.69
CCU Admission 1.20 0.63-2.28 0.58 1.83 1.01-3.30 0.04 345 Underestimated -14 0.16
Diabetes 1.20 0.72-2.01 048 147 0.93-2.32 0.1 18 Underestimated —0.85 0.4
Hypertension 1.20 0.70-2.06 0.50 1.38 0.84-2.25 0.2 12.8 Underestimated —0.55 0.58
Hypercholesterolemia 1.05 0.64-1.72 0.84 1.07 0.68-1.67 0.78 1.6 Underestimated —-0.07 0.94
Active smoking status 1.33  0.69-1.72 0.39 141  0.79-2.53 0.26 5.74 Underestimated -0.2 0.84
Peripheral arterial disease 1.57 0.81-3.05 0.18 1.32  0.70-2.47 0.390 19.23 Overestimated 0.55 0.58
Previous AMI (<1 mo) 549 1.55-19.5 0.01 518 1.53-17.5 0.01 6.1 Overestimated 0.09 0.92
Renal failure history 1.32  0.58-2.98 0.51 111 0.52-2.37 0.79 18.9% Overestimated 0.44 0.66
Elevated cardiac biomarkers  2.27  1.04-4.94 0.04 242 1.19-4.92 0.01 6.2 Underestimated -0.18 0.86
Killip Class
I 2.82 1.58-5.04  <0.001 251 1.47-4.28 0.001 12.2 Overestimated 0.42 0.67
=V 6.36  3.4-11.83 <0.001 528 3.01-9.25 <0.001 20.5 Overestimated 0.65 0.51
Creatinine >1.4 mg/dL 1.09 0.56-2.12 0.8 115  0.63-2.11 0.65 5.1 Underestimated -0.17 0.87
Treatment variables
Aspirin 0.67 0.20-2.29 053 0.85 0.30-2.36 0.65 20.7 Overestimated —0.44 0.66
Clopidogrel 0.33  0.19-0.57 <0.001 034 0.21-0.56 <0.001 3.2 Overestimated —0.13 0.9
GP lIB/llla inhibitors 1.53 0.85-2.74 016 126 0.73-2.18 0.4 20.7 Overestimated 0.68 0.5
B-blockers 0.34 0.21-0.57 <0.001 0.33 0.21-0.52 <0.001 4 Underestimated 0.16 0.87
Statins 0.57 0.31-1.06 0.08 046 0.26-0.81 0.01 243 Underestimated 0.75 0.45
ACE inhibitors 0.32  0.19-0.53 <0.001 0.28 0.18-0.45 <0.01 11.6 Underestimated 0.46 0.64
Coronary angiography during 1.48  0.77-2.87 0.24 1.06 0.58-1.95 0.84 39.5 Overestimated 1.08 0.28
hospitalization
Coronary angiography during 1.44  0.75-2.77 0.27 1.59 0.88-2.88 0.12 9.5 Underestimated -0.33 0.74

first 24 h

ORp indicates odds ratio in the prospective cohort; ORa, actual odds ratio; QC, quality control; NSTEACS, non—-ST-segment—elevation acute coronary syndrome;
STEACS, ST-segment—elevation acute coronary syndrome; CCU, coronary care unit; AMI, acute myocardial infarction; GP, glycoprotein; and ACE, angiotensin-

converting enzyme.
*Relative difference in absolute value between the ORp and the ORa.

In more than half the reviewed articles the number of
enrolled patients was higher than 1200. In most of them,
authors stated that they intended to include all consecutive
eligible patients. Given the expected difficulty to locate and
include all patients with so prevalent a condition, a quality
control of the comprehensiveness of recruitment/inclusion
would be desirable. However, it was apparently undertaken in
only 9 of 77 studies. Similarly, only in 19.5% any approach
to avoid errors in data abstraction process was mentioned.
Although there are no fixed rules, as with randomized clinical
trials, certain strategies for limiting systematic bias in regis-
tries could be useful. For instance, the purpose of the registry
should be clearly defined beforehand to choose a realistic
recruitment strategy according to that purpose. In addition, a

continuous feedback to data sites and checking of data
consistence across sites may limit data errors. Finally a
periodical random review of a sample of clinical records
during the execution of the study to search for data missing
and data inconsistencies may also improve the quality of the
data.

Other findings of our analysis suggest that the current way
of reporting registries on ACS is far from optimal: up to
10.9% of the reviewed articles did not report what strategy
had been used to enroll the patients, 35.5% articles with
out-of-hospital follow-up did not mention whether they had
follow-up losses or not, a quality control of the data abstrac-
tion process was mentioned only in 37.2% articles, and in
16.3% there was no mention of ethical issues. In view of the
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Abstracts screened (n=414) ‘

Abstracts excluded (n=245).
Reasons:

> Target population other than ACS
(n=122)

Not prospective design* (n=66)
Community based (n=32)

RCT (n=12)

Other articlest (n=13)

Articles retrieved in full text (n=169)

Articles excluded (n=40). Reasons:
Target population other than ACS
(n=5)
Not prospective design* (n=14)
Community based (n=13)
RCT (n=11)
Other articlest (n=3)

v

Articles included in the analysis (n=129):
American Journal of Cardiology
(n=44)

American Heart Journal (n=28)
JACC (n=14)

European Heart Journal (n=10)
Heart (n=10)

Circulation (n=8)

American Journal of Medicine
(@=6)

JAMA (n=5)

Archives of Internal Medicine (n=3)
Annals of Internal Medicine (n=1)
New England Journal of Medicine
(n=0)

Lancet (n=0)

British Medical Journal (n=0)

* . .
Cross-sectional or case-control or cohort retrospective

tMethodological study, reviews

ACS: acute coronary syndrome

RCT: randomized controlled trial

JACC: Journal of the American College of Cardiology
JAMA: Journal of the American Medicine Association

Figure. Stages of systematic review.

importance of the information coming from registries it is
surprising that the scientific community does not seem, as a
whole, to have given comprehensive attention to methodolog-
ical issues in them. Although MASCARA registry may seem
an extreme instance of poor compliance, the key point is that
many relevant registries are reported in such a way that
precludes assessing to what extent they are actually flawed.

Limitations and Strengths
Our assessment of SB in the MASCARA study depends on
the reliability of the hospitals episode statistics to locate all the
ACS episodes. Other studies have reported that although the
specificity of this system for hospital episodes is high, its
sensitivity is variable.!> This could have to some extent,
affected the findings of the study concerning the characteris-
tics of the missing population. On the other hand, only 17 of
49 centers agreed to participate in the quality control. The
characteristics of patients recruited in nonparticipating cen-
ters suggest (data not reported) that if they had been included
as such in the analysis the magnitude of the resulting SB
would have been even higher. This is especially true for the
in-hospital mortality event rate, which was substantially
lower in centers that did not agree to participate.

Our assessment of SB could have been influenced by other
biases, such as information bias. For instance, it would be

November 2009

Table 4. Characteristics of the Patient Registries Reviewed
Concerning the Recruitment/Inclusion, Follow-Up, Quality
Control, and Ethical Issues

General Characteristics Articles (n=129) Studies (n=77)

Multicenter 63 (48.8) 25(32.5)
No. of centers 72 (8-443) NA
Multinational 24 (18.6) 2(2.6)
Target population
STEACS 44 (34.1) 27 (35)
NSTEACS 31(24) 11 (14.3)
Both 54 (41.9) 39 (50.6)
No. of patients included in the 1200 (336-8389) NA
analysis
Recruitment time (n=115), mo 40.1 (23.3-59.8) NA
Type of recruitment of the eligible
population
Consecutive without 104 (80.6) 58 (75.3)
interruptions
Consecutive with predefined 8(6.2) 3(3.9
interruptions
Administrative database 2(1.6) 2(2.6)
Other 1(0.8) 1(1.3)
Not mentioned 14 (10.9) 13(16.9)
Retrospective inclusion of missing 7(5.4) 3(3.9
patients
Acknowledged the possibility of 4(3.1) 2(2.6)
selection bias because of
incomplete recruitment
Out-of-hospital follow-up 93(72) 67 (87)
Mentioned lost of follow-up 60 (64.5) 49 (71.6)
<5% 51 (85) 40 (83.3)
5%-10% 6 (10) 6 (12.5)
10%-15% 1(1.7) 1(2.1)
>15% 2(3.3) 2(0.42)
Quality control
Recruitment-inclusion 38 (29.4) 9(11.7
Data abstraction process 48 (37.2) 15(19.5)
Ethical issues
Informed consent required 79 (61.2) 51 (66.2)
Ethical committee authorized the 108 (83.7) 59 (76.6)

study

Data are presented as n (%) or median (interquartile range). NSTEACS
indicates non—ST-segment—elevation acute coronary syndrome; STEACS, ST-
segment—elevation acute coronary syndrome; and NA, not applicable.

possible that data collectors had introduced bias by misre-
porting an outcome, either intentionally or unintentionally.
However, external researchers were specifically trained to
collect data from clinical records according to standardized
definitions, thus minimizing the possibility of such bias.
Concerning the systematic survey, we focused on registries
on ACS, which were similar to MASCARA registry. Gener-
alizing our findings to all registries is questionable, but there
is no reason to believe that the way of reporting registries
depends on the characteristics of the target population. We
focused on cohort studies because they are mostly used for
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descriptive purposes as well as for evaluating comparative
effectiveness or safety. Our results may not apply to other
observational designs such as cross sectional or case-control
studies.

Our work has additional strengths. Our sample of 129
registries is the result of a systematic search. Our data
collection was comprehensive and careful, including indepen-
dent judgment and abstraction of data at all stages by
reviewers trained in this methodology.

Implications

Our results show that systematic error attributable to SB in
PRs is a real possibility and that the absence of quality control
can lead to biased results. Although our systematic review
could not evaluate to what extent misleading conclusions are
present in the reviewed sample, the relatively few registries in
which quality control was performed suggest that this possi-
bility is a real one. Researchers should ensure, during the
design and execution of a PR, that the risk of selection and
information bias is minimal. In addition, they should report
the results in a way that let the reader assess the possibility of
bias. Clinicians should view with caution the results of
registries without adequately reported quality control.
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