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Abstract

BACKGROUND: Publication bias is an important factor that maguiein selection bias and lead to overestimatibthe
intervention effect. In this study, the focus wasusing capture-recapture method as a statistioakepure which may
possibly be a practical means for measuring theuataf publication bias.

METHODS: A systematic review was conducted to estimate thatbn of protection provided by hepatitis B vaxechy
measuring the anamnestic immune response to bodstms of vaccine and retrieved studies from tiseggarate
sources of electronic databases, reference listiseo$tudies, and conference databases as wadindact with experts
and manufacturers. Capture-recapture and some otonal methods such as funnel plot, Begg test,eEgest, and
trim and fill method were employed for assessingligation bias.

RESULTS: Based on capture-recapture method, completendhs ofverall search results was 87.2% [95% CI: 846&%
89.0%] and log-linear model suggested 5 [95% Q:t4.6.2] missing studies. The funnel plot was asyatric while
Begg and Egger tests results were statisticaligimificant and trill and fill approach made no charin pooled effect.

CONCLUSIONS: Capture-recapture method may be a useful practigptoach for estimating the number of missing
studies which are not usually detected by searelesly. As a result, use of capture-recapture nietisoan alternative
approach could be suggested for estimating thenegfepublication bias based on overlapping infaiiorarather than
mirror image of extreme values on funnel plot.
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( :apture-recapture method, called the
Petersen method, has a very long his-
tory and is widely used in ecology to

estimate the unknown size of wild animals'

population.1 Another important application
for this method is in epidemiology for estimat-
ing prevalence of a particular disease and
estimating the completeness of ascertainment
of disease registers.2? However, capture-
recapture method can principally be applied to
any situation where there are two or even
more incomplete lists. This method was re-
cently used as a potentially useful method for
estimating publication bias 4 in systematic re-

views where different sources are used to
include as many references as possible but nei-
ther of sources of retrieving studies is com-
plete.

This study focuses on using capture-
recapture method as a statistical procedure
which may possibly, but not necessarily, be a
practical means for measuring the amount of
publication bias by estimating the number of
missing studies not identified by search strat-
egy, but potentially eligible to be included in
the systematic review in comparison with
other conventional methods exploring publica-
tion bias.
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Methods

The simplest capture-recapture model is so-
called 2-sample model. In the first sample, a
group of individuals are captured for marking
with a unique identifier, and then are released
back to the population. In the second sample,
there are some of the individuals caught and
marked during the initial sampling and some
new individuals caught in just the second
sampling. It is possible to estimate the number
individuals not caught in either samples, thus
providing an estimate of the total population
size.l

In this study, the capability of capture-
recapture method for assessing publication
bias in a systematic review was explored. This
systematic review was conducted to measure
the anamnestic immune response to booster
doses and to estimate the duration of protec-
tion provided by hepatitis B vaccine.> In the
review, both randomized and non-randomized
studies were included, addressing anamnestic
immune response (AIR) to booster of HB vac-
cine 5 years or more post primary vaccination
in healthy participants vaccinated in a 3-dose
or 4-dose schedule without receiving addi-
tional dose or immunoglobulin. In the review,
three different sources were searched,
including electronic databases, reference lists
of studies, and unpublished data or so-called
gray literatures including conference databases
as well as personal contact with experts and
manufacturers (Figure 1). The Cochrane Cen-
tral Register of Controlled Trials (The Coch-
rane Library 2008, Issue 3), MEDLINE (Jan
1950 to Dec 2008), EMBASE (Jan 1980 to Dec
2008) and ISI (Jan 1945 to Dec 2008) were
searched. The following conference databases
up to December 2008 were also searched for
unpublished data:

Annual Meeting of the Infectious Diseases
Society of America (IDSA); available at:
http:/ /www.idsociety.org;

European Congress of Clinical Microbiol-
ogy and Infectious Diseases (ECCMID); avail-
able at: http:/ /www.escmid.org;

Interscience Conference on Antimicrobial
Agents and Chemotherapy (ICAAC); available
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Figure 1. Distribution of the studies by
sources of capture

at: http:/ /www.icaac.org.

In addition, the authors of included studies
as well as vaccine manufacturers for additional
unpublished trials were contacted.

Statistical heterogeneity was explored using
the chi-squared (x2 or Chi?) test at the 10% sig-
nificance level (p < 0.10). Inconsistency across
studies results was quantified using 12 statis-
tic.e Also, the between-study variance was es-
timated using tau-squared (12 or Tau?) statistic
7 (Figure 2). The funnel plot was used to assess
publication bias (Figure 3).

By December 2008, 4699 references were
retrieved, including 2208 references through
searching electronic databases, 2467 references
through checking reference lists, and 24 refer-
ences through personal contact with studies'
authors or searching conference databases.
Having checked the eligibility of references, 34
studies involving 4479 individuals were even-
tually included in the review (Figure 2). Ac-
cording to results of the review, protection
provided by HB vaccine is dependent on im-
mune memory rather than anti-HBs titer;
hence, recommendations for booster doses
should be based on immune memory, rather
than persistence of antibody. In addition, a full
course of HB vaccination can induce a long-
term and strong serologic immunity against
HBV infection. However, the decreasing trend
of seroprotection during the first and second
decades after immunization indicates that the
long-term immunity induced by the HB
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Begg's funnel plot with pseudo 95% confidence limits
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Figure 2. Forest plot of Anamnestic Immune Response (AIR) to booster dose
in non-protected vaccinees

vaccine may diminish over time. This issue  have fully responded to a complete course of
may raise the possible need for booster dose,  vaccine. The more details of seroprotection of
although wuniversal revaccination does not  HB vaccine and need for booster dose as well
seem necessary during the first and second  as long-term protection provided by HB vac-
decade post primary vaccination in healthy  cine are reported elsewhere.58

individuals with normal immune status, who

Egger's publication bias plot
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Figure 3. Funnel plot for of standard error of estimatiomiagt anamnestic immune response rate
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Table 1. Log-linear models fitted to three sources of search strategy and estimated number
of eligible studies

95% ClI AIC T

Model Df* G+ prx* Nestt Xtt Lower Upper +t BICS
ABC 3 3.10 0.3767 39 5 4.2 6.2 -290 -8.83
ABCAB 2 3.09 0.2131 40 6 3.4 7.8 -0.91 487
ABCAC 2 1.84 0.3992 38 4 3.2 5.3 -2.16  -6.12
ABCBC 2 1.98 0.3715 41 7 5.4 7.6 -2.02 -5.98
ABCABAC 1 1.73 0.1890 37 3 0.6 5.4 -0.27 -2.25
ABCABBC 1 0.48 0.4896 o o - - -1.52 -3.50
ABCACBC 1 0.91 0.3406 39 5 4.1 6.4 -1.09 -3.07
ABCABACBC 0 0.00 1.0 o0 o0 - - 0.00 0.00

* df: degree of freedom
T Nesi €stimated total number
§ BIC: Bayesian Information Criterion

As mentioned before, three different data
sources were used for retrieving eligible stud-
ies in the review but none of the data sources
was complete. In such a situation, there might
be studies included in none of sources so-
called missing studies. However, it is possible
to estimate the missing studies using the 3-
sample capture-recapture method. When there
are three sources, the capture-recapture
method becomes more complicated, including
the following 8 possible models:

1. number of studies identified by databases

only (A)

2. number of studies identified by reference

lists only (B)

3. number of studies identified by personal

contact (so called gray literatures) (C)

4. number of studies identified by sources A
and B but not by source C (AB)

5. number of studies identified by sources A
and C but not by source B (AC)

6. number of studies identified by sources B
and C but not by source A (BC)

**G? |ikelihood ratio statistic
1Tt X: unknown data

*** P p value
111 AIC: Akaike's Infortien Criterion

7. number of studies identified by all three
sources (ABC)
8. number of missing studies identified by

none of the three sources (X)

There are many elaborate statistical models
available for the analysis of 3-source capture-
recapture results. Log-linear is a simple model
which easily accommodates the three sources
and is able to explore dependence between
sources and adjust for it by including interac-
tion terms in the model.? In addition, based on
the above available information, log-linear
model can be applied to estimate the number
of studies not identified by all three sources (X)
and hence the total probably eligible studies
(N).

There are two main information criteria
proposed for model selection, including
Akaike's Information Criterion (AIC) and
Bayesian Information Criterion (BIC).10 The
AIC is calculated as:

AIC=G2-[2 x (df)]

Table 2. Comprehensiveness of the three sources

Sources n (observed) n (estimated) Completeness (%) 3(5)\%;?' %Upper

Databases 21 39 53.8 52.2 54.9
Reference lists 26 39 66.7 64.7 68.1
Personal contact 6 39 154 14.9 15.7
All three sources 34 39 87.2 84.6 89.0
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Funnel plot with pseudo 95% confidence limits
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Figure 4. Begg's adjusted rank correlation funnel plot of standard error of estimation against an-
amnestic immune response rate

Where G2 is the likelihood ratio statistic as-
sociated with the fit of any model to the data,
and df is the degree of freedom of the model.
The model giving the smallest value of AIC is
the one selected.1011

The second criterion, BIC, is preferred to
AIC in some applications and is as follows:

BIC = G2 - [In (Nobs/2m)] % (df)

With G2 and df as above, and In Nops is
natural logarithm of the observed sample size.

The results of wusing capture-recapture
method for assessing publication bias and es-
timation of missing studies were compared
with other conventional methods including:
the Begg adjusted rank correlation test, the
Egger regression asymmetry test and the Du-
val and Tweedie nonparametric 'trim and fill'
method used for exploring publication bias,
and advantages and disadvantages of each
method were discussed. The statistical package
Stata 9 and Revman 5, comprehensive package
for systematic review, was used for data analy-
sis.

JRMS/ March & April 2010; Vol 15, No 2.

Results

Out of 34 studies obtained from three different
sources, 50% of studies were identified at least
by 2 sources and 6% by all three sources (Fig-
ure 1). The log-linear model revealed no statis-
tically significant interaction or positive de-
pendence between three sources (Table 1). The
first model (no interaction model) was the best
fit model that had the smallest value of AIC
and BIC. According to these findings, 5 [95%
CI: 4.2 to 6.2] studies were estimated to be
probably eligible but not identified by the
search strategy. Hence, the completeness of the
overall search results was 87.2% [95% CI:
84.6% to 89.0%]. Based on these results, check-
ing reference lists was more complete and
hence more sensitive for finding references
than the other two sources (Table 2).

In this study, the Begg adjusted rank corre-
lation test for publication bias was applied
(Figure 4). The spread of results was the same
at all values of the sample around the middle
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Booster AR AR

Study or Subgroup AIR SE Total Total Weight I, Random,95% Cl I, Random, 95% Cl
1.2.1 Stratum 1

Belloni 2000 1 0.0252411 51 0 101% 1.00[0.95, 1.04]

Bucher 1934 0.893617  0.0449741 47 0 8.49% 0.89[0.81, 0.58]

Bucher 1934 0.7959183 0.0575756 49 0 81% 0.80 [0.68, 0.91]

Da Villa 1996 0.962963 0.0363447 27 0 945% 0.96 [0.89, 1.03]

Dahifar 2008 1 0.1530831 4 0 31% 1.00[0.70, 1.30]

Duval 2005 0.9210526 0.0437441 38 0 9.0% 0.92[0.84,1.01]

Duval 2005 086 D0.0277128 50 0 98% 0.96 [0.91,1.01]

Gilca 2008 0.9444444 0.0331769 36 0 94% 0.94 [0.87,1.02)]

Milne 1992a 0.8181818 0.052007 a5 0 85% 0.82[0.72,0.52]

Milne 1992k 1 0.1075829 8 0 50% 1.00[0.79,1.21]

Petersen 2004 0.8450704 0.0429422 71 0 91% 0.85 [0.76, 0.93]

Williams 2003 0.9318182 0.0379991 44 0 94% 0.93 [0.86, 1.01]

Subtotal {95% Cl) 480 0 100.0% 0.92 [0.88, 0.96]

Heterogeneity: Tau® = 0.00; Chi*= 2486, df= 11 (P = 0.010); F= 56%
Test for overall effect. £= 48.64 (P = 0.00001)

1.2.2 Stratum 2

Chadha 2000 0.8 01264911 10 0 20% 0.80 [0.55, 1.04]
Da Villa 1996 0.9591837 0.0163196 147 0 48% 0.96 [0.93, 0.99]
Davidson 1986 0.8125 0.0975781 16 0 2E% 0.81 [0.62,1.00]
Durlach 2003 0.8 0.1032796 15 0 24% 0.80 [0.60, 1.00]
Flareani 2004 1 01162913 7 0 22% 1.00 [0.77F,1.23]
Flareani 2004 0.4545455 01501314 11 0 1.6% 0.45[0.16,0.74]
Gilca 2008 1 0.030068 42 0 47% 1.00[0.94, 1.06]
Li 19496 1 0.0455432 26 0

Li 19498 0.7692308 0.0522589 [i1] 0 40% 0.77 [0.67, 0.87]
Milne 1994 0.9411765 0.0570B72 17 0 38% 0.94 [0.83, 1.09]
Petersen 2004 1 0.0740741 14 0 33% 1.00[0.85,1.14]
Petersen 2004 0.952381 0.0268303 63 0 47% 0.95 [0.90, 1.00]
Petersen 2004 0.6896552 0.0859091 29 0 28% 0.69 [0.52, 0.56]
Petersen 2004 0.52 0.09992 25 0 26% 0.52[0.32, 073
Petersen 2004 0.8571428 0.0763604 21 0 3% 0.86 [0.71,1.01]
Saffar 2004 0.7857143 0.0548321 56 0 38% 0.79 [0.68, 0.59]
Saffar 2004 0.8846154 0.0443047 52 0 42% 0.88 [0.80, 0.97]
Saffar 2004 0.9473684 0.0295764 57 0 47% 0.95[0.89,1.01]
Samandari 2007 0.9741378  0.0147371 116 0 5.0% 0.97 [0.95, 1.00]
Seto 2002 1 0.0362235 34 0 45% 1.00[0.93, 1.07]
Trivello 1995 0875 00522913 40 0 4.0% 0.88 [0.77, 0.98]
Trivello 1885 0.9191918 0.0273913 99 0 47% 0.92 [0.87, 0.97]
Williams 2001 1 0.07814248 13 0 321% 1.00[0.85,1.14]
Williams 2001 1 0.0704059 15 0 34% 1.00[0.86,1.14]
Williams 2003 0.88 0.0649923 25 0 3E% 0.88[0.75,1.01]
Zanetti 2004 0.9583333 0.0288425 43 0 47% 0.96 [0.90, 1.01]
Zanetti 2005 0.9707602 0.0091102 342 0 50% 0.97 [0.95, 0.99]
Subtotal {95% Cl) 1405 0 100.0% 0.92 [0.89, 0.95]

Heterogeneity: Tau® = 0.00; Chi*= 88.12, df= 26 (P = 0.001); F=70%
Test for overall effect Z= 66.74 (P = 0.00001)

+
-+
L]
4.2% 1.00[0.91,1.04] -
t

1.2.3 Stratum 3

Gabhuti 2007 0.9166667 0.0737556 12 0 T.6% 0.92 [0.78,1.07]

Hammitt 2007 0.6216216 0.07973066 37 0 T.E% 062 [0.47,0.78]

Lu 2004 0.9591837 0.0282663 [if:] 0 11.4% 0.96 [0.90, 1.01]

Lu 2008a 0.7413793 0.0191653 522 0 11.8% 0.74[0.70,0.78] =

Lu 2008k 0.7075688 0.0154042 872 0 12.0% 0.71[0.68,0.74] L
Petersen 2004 0.6BBEEEY  0.1360828 12 0 44% 0.67 [0.40, 0.93] e
Samandari 2007 0.8050848 0.0364E572 118 0 10.9% 0.81 [0.73, 0.88] =
Samandari 2007 0.6034483 0.0642327 58 0 88% 0.60[0.48, 0.73] -

van der Sande 2007 0.951049 0.0150432 148 0 11.9% 0.95 [0.92, 0.99] =
WWatson 2001 1 01707469 3 0 3% 1.00 [0.67,1.33] I—
WWatson 2001 1 0.1924501 2 0 27% 1.00[0.62, 1.38] B
Hueliang 2000 07777778 0.0800091 31 0 TE% 0.78[0.62,0.93] S
Subtotal {95% Cl) 1883 0 100.0% 0.80[0.72, 0.88] L 2

Heterogeneity: Tau® = 0.02; Chi*= 166.87, df=11 (P < 0.001); F=93%
Test for overall effect: Z=19.05 (P = 0.00001)

1.2.4 Stratum 4

Su 2007 0.7531645 0.0242552 316 0 497% 075 [0.71,0.80] |
WWang 2007 0.7720207 0.0213535 395 0 50.3% 077 [0.73,0.81] ]
Subtotal {95% Cl) 711 0 100.0% 0.76[0.73, 0.80] L]

Heterogeneity: Tau®= 0.00; Chi*=0.34, df=1 (P = 0.56);, F= 0%
Test for overall effect: £=47.65 (P = 0.00001)

4 s 0 05 1
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Figure 5. Egger's regression asymmetry plot of standard error of estimation against anamnestic
immune response rate
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line but the studies were distributed mostly at
the narrower side of the funnel and the plot
was reasonably asymmetrical. However, the
result of Begg test was not statistically signifi-
cant (p = 0.374). In addition, publication bias
was explored using the Egger regression
asymmetry test (Figure 5). The regression line
passed through the origin and the test results
was not statistically significant (p = 0.379).

Also publication bias was investigated us-
ing the Duval and Tweedie nonparametric
"trim and fill" method which allows estimation
of adjusted meta-analysis. However the "trim
and fill" procedure suggested no missing study
to the funnel plot in the present review and
made no change in meta-analysis results and
hence indicated no evidence of publication
bias.

Discussion

Capture-recapture method represents an at-
tractive approach to investigate the complete-
ness of search strategy results and to quantify
the amount of publication bias by estimating
the number of missing studies which might be
eligible but were virtually not included in a
systematic review.

Although capture-recapture approach is a
potential useful method for estimating the
number of unknown studies which are not
usually identified by search strategy, however,
this method, like any other statistical proce-
dures, has its own limitations. A critical limita-
tion of this method is that sufficiently high
overlapping information is required to pro-
duce reliable estimate of missing studies. Oth-
erwise, the likelihood functions may become
flat and the resulting estimates based on log-
linear models may possibly become unstable.?
Another limitation of capture-recapture
method using log-linear model for investigat-
ing publication bias is that relative large num-
ber of studies is required to hold the assump-
tion of the normal distribution within log-
linear models, whereas this assumption is not
usually met because of limited number of stud-
ies in most systematic reviews. The third limi-

JRMS/ March & April 2010; Vol 15, No 2.
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tation is that capture-recapture method is not
able to correct and adjust the pooled estimate
for publication bias as trim and fill is. More-
over, validity of capture-recapture results de-
pends on some assumptions. If the assump-
tions are not considered, the estimates may not
be reliable. A critical assumption of capture-
recapture methods is the independence of the
sources so that either positively or negatively
dependent sources may cause either underes-
timation or overestimation of the pooled esti-
mates respectively.! Of course, log-linear
model is able to handle dependence among
sources and adjust for it by including interac-
tion terms in the model.?

It is important to keep in mind, however,
that capture-recapture is a useful method for
estimating missing studies detected by none of
data sources, but it is rather different from the
concept of publication bias. In other words,
methods of exploring publication bias like the
trim and fill method is built on the strong as-
sumption that there should be a symmetric
funnel plot. Indeed, the trim and fill method
provides an estimate of the number of missing
studies as well as an adjusted intervention ef-
fect for the publication bias based on the filled
studies.” Hence it is possible that the trim and
fill method find no publication bias in the
presence of a relatively symmetric funnel plot
while capture-recapture method may suggest
considerable number of missing studies.

On the other hand, the funnel plot is a sim-
ple graphical approach which is frequently
used for assessing publication bias. However,
the visual interpretation of funnel plots is too
subjective and researchers have limitation to
identify the amount of publication bias quanti-
tatively.” In addition, funnel plot asymmetry
may raise the possibility of publication bias but
it does not prove it.12

The Begg adjusted rank correlation test and
the Egger regression asymmetry graph are sta-
tistical techniques for exploring the publication
bias. Nonetheless, neither Begg test nor Egger
test revealed a significant publication bias be-
cause both techniques have low power for de-
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tecting publication bias, although the regres-
sion method appeared more sensitive than the
rank correlation method and tend to suggest
the presence of publication bias more fre-
quently than the Begg approach.1?

The trim and fill method is a useful ap-
proach for estimation of an adjusted pooled
effect and hence sensitivity analysis of the
presence of publication bias. However, this
procedure suggested no missing study to the
funnel plot in the present review and made no
change in meta-analysis results and hence in-
dicated no evidence of publication bias. The
reason is that the performance of this method
for detecting publication bias is poor especially
when heterogeneity exists among the studies.

As mentioned in the introduction, capture-
recapture method was first used by Bennett et
al as a potentially useful method for estimating
publication bias.* In their study, the number of
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missing studies estimated by capture-recapture
method was much less than that estimated by
the trim and fill approach, which was contrary
to the present findings. In the review, the cap-
ture-recapture approach suggested 5 missing
studies whereas trim and fill approach esti-
mated no missing studies.

Conclusions

Capture-recapture method is a useful practical
approach for estimating the number of missing
studies which are not usually identified by
search strategy, although assumptions of this
method may limit its general application in
systematic reviews. In addition, capture-
recapture method may be considered as an al-
ternative approach for estimating the extent of
publication bias based on overlapping infor-
mation rather than mirror image of extreme
values on funnel plot.

JP developed and wrote the protocol, and was responsible for the reference searching, data extrac-
tion, data analysis, and interpretation of results. RM was responsible for interpretation of results.
MM was responsible for the data analysis and interpretation of results. AAH was responsible for
data analysis and interpretation of results. SNM was responsible for searching references and in-
terpretation of results. AF assessed risk of bias in included studies and participated in interpreta-
tion of results. All authors have read and approved the content of the manuscript.

References

1. Capture-Recapture web page. Available at: http:ivpitt.edu/~yuc2/cr/main.htm. Accessed April 25020
2. Hook EB, Regal RR. Capture-recapture methods imespiology: methods and limitations. Epidemiol Rev

1995;17(2):243-64.

3. Amin-Esmaili M, Nedjat S, Motevalian A, Rahimi-Moghar A, Majdzadeh R. Comparison of databases &midn
articles; access to evidence on substance abusaddiation. Arch Iran Med 2009;12(6):559-65.
4. Bennett DA, Latham NK, Stretton C, Anderson CS. tQaprecapture is a potentially useful method fesessing

publication bias. J Clin Epidemiol 2004;57(4):34B-5

5. Poorolajal J, Mahmoodi M, Majdzadeh R, Nasseri-Maftam S, Haghdoost A, Ghalichi L, et al. Seroptaiamf
hepatitis B vaccine and need for booster dose:ta-amalysis. Hepatit Month 2009;9(4):293-304.

6. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Méasuinconsistency in meta-analyses.

2003;327(7414):557-60.

7. Higgins JPT, Green S. Cochrane handbook for systemaviews of interventions. 1st ed. New JerseyleW

2008.

8. Poorolajal J, Mahmoodi M, Majdzadeh R, Nasseri-Maigtam S, Haghdoost A, Fotouhi A. Long-term protecti
provided by hepatitis B vaccine and need for baoadbse: a meta-analysis. Vaccine 2010;28(3):623-31.
9. Chao A, Tsay PK, Lin SH, Shau WY, Chao DY. The agtions of capture-recapture models to epidemiotdg

data. Stat Med 2001;20(20):3123-57.

JRMS/ March & April 2010; Vol 15, No 2.

BMJ



Capture-recapture method Poorolajal et al

10. Hook EB, Regal RR. Validity of methods for modelextion, weighting for model uncertainty, and drsaimple
adjustment in capture-recapture estimation. Amiddtpiol 1997;145(12):1138-44.

11. Kutner M, Nachtsheim C, Neter J, Li W. Applieddar statistical models. 5th ed. New York: McGraui/hiwin;
2005.

12. Egger M, Smith GD, Altman D. Systematic reviewshaalth care: meta-analysis in context. 2nd eddbanBMJ
Publishing Group; 2001.

13. Whitehead A. Meta-analysis of controlled clinit@ls. 1st ed. New Jersey: Wiley; 2002.

14. Peters JL, Sutton AJ, Jones DR, Abrams KR, Rushtdterformance of the trim and fill method in fhresence of
publication bias and between-study heterogeneitit.8ed 2007;26(25):4544-62.

JRMS/ March & April 2010; Vol 15, No 2. 9



