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Standardised regression coefficient
as an effect size index in summarising
findings in epidemiological studies
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ABSTRACT

BACKGROUND: a major problem in evaluating and reviewing the published findings of studies on the
association between a quantitative explanatory variable and a quantitative dependent variable is
that the results are analysed and reported in many different ways. To achieve an effective review of
different studies, a consistent presentation of the results is necessary. This paper aims to exemplify
the main topics related to summarising and pooling research findings from multivariable models with
a quantitative response variable.

METHODS: we outline the complexities involved in synthesising associations. We describe a method
by which it is possible to transform the findings into a common effect size index which is based on
standardised regression coefficients. To describe the approach we searched original research articles
published before January 2012 for findings of the relationship between polychlorinated biphenyls
(PCBs) and birth weight of new-borns. Studies with maternal PCB measurements and birth weight as
a continuous variable were included.

RESULTS: the evaluation of 24 included articles reveled that there was variation in variable
measurement methods, transformations, descriptive statistics and inference methods. Research
syntheses were performed summarizing regression coefficients to estimate the effect of PCBs on birth
weight. A birth weight decline related to increase in PCB level was found.

CONCLUSIONS: the proposed method can be useful in quantitatively reviewing published studies when
different exposure measurement methods are used or differential control of potential confounding
factors is not an issue.

Erratum: the first published version of the study contained an error on page 12 (Appendix A) that was
corrected on February 18, 2014.
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INTRODUCTION

Summarizing the results of published
studies is an important part of any research and
provides also the essential content for meta-
analysis [1]. To achieve an effective review of
different studies, a consistent presentation of
their results is necessary [2]. There are many
different statistical methods to analyse the
relation of an explanatory measure with a
continuous dependent outcome variable. For
a reader this becomes more difficult when
research articles include inadequate reporting
of research methods and basic statistics. Medical
research articles using statistical methods have
always been at risk of poor reporting [3].

Results across repeated studies of the
same phenomena are rarely identical due to
various reasons, for instance size of the study,
differences in the used analytical methods
and genetic differences between the studied
populations [1]. Review of original articles
and research synthesis extends our knowledge
through the combination and comparison of the
original studies. When using systematic literature
review to learn from combined studies, we are
dependent on the research methodology and
reporting of the underlying studies. Although
the principal aim of these studies is identical,
e.g. to measure the relationship between an
explanatory factor and a response variable,
different statistical methods are used in different
publications. Some studies use correlation
coefficients, some apply multivariable regression
methods and some studies compare mean
values. Often the explanatory factors in original
studies are measured with different methods and
units of measurement. The quality of reporting
also varies: detailed descriptive statistics of the
variables under study are not given in all articles,
and standard error for regression coefficients or
the mean differences are not always available.
The task of summarizing these studies in a
consistent manner thus appears challenging.

The measure used to represent study
findings in meta-analysis is called an effect size
statistic. Which statistic is appropriate depends
upon the nature of the research findings, the
statistical forms in which they are reported,
and the hypotheses being tested by the meta-
analysis [4]. The effect size statistic to evaluate
association between the explanatory and

dependent variable should embody information
about the magnitude of association between
these variables with possible adjustment of
covariates. Multivariable relationships present
special challenges to meta-analysis because
effect size statistics of interest depend on
what other variables are included in the
multivariable analysis. Also, the omission of the
full correlation matrix from most reports makes
it impossible for the reader to evaluate the
dependence between the explanatory variables.

As an example, we examine maternal
exposure to polychlorinated biphenyls (PCBs)
and birth weight of new-borns. Low birth
weight is considered to be associated with a
variety of adverse effects in childhood and
beyond, including poor school performance,
high blood pressure, cardiovascular disease,
stroke, obesity and depression [5-8]. Therefore
even a small increased risk of low birth weight
has important public health implications and
any knowledge of such an effect on potential
reasons is important.

Several factors have been proven to be
associated with an increased risk of giving
birth to low birth weight babies: mother’s age,
smoking, race, nutritional status and weight
before pregnancy, infections, socioeconomic
status and educational level [6, 9, 10]. Premature
birth is by far the most common cause of low
birth weight. It has been also speculated that
exposure to environmental contaminants may
have an effect on birth weight [6, 11, 12]. PCBs
are persistent organic pollutants ubiquitously
present in ecosystems. Associations of exposure
to PCBs with low birth weight have been
observed in several studies, while other studies
have found no convincing evidence of such
associations [11-15].

The main purposes of this paper are
to point out the complexities and potential
problems in a critical review of association
between a quantitative response variable and
one primary quantitative explanatory variable,
and to present an effect size approach based
on standardised regression coefficients. To
exemplify this we carried out a systematic
literature review to ensure a comprehensive
summary of the available evidence about the
effect of maternal exposure to PCBs on the
birth weight of their children.
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METHODS

Standardised regression coefficient as an effect
size index

When synthesizing the multivariable
associations between quantitative variables the
regression coefficients are natural measures of
interest. Because exposure is often measured
using different methods and metrics across
the studies, the direct pooling of regression
coefficients is not meaningful. In such a case
standardised regression coefficients may offer
a solution. They are the estimates resulting
from an analysis carried out on variables that
have been standardized so that their variances
are equal to one [16]. Therefore, standardised
coefficients refer to how many standard
deviations the response or outcome variable
will change per a standard deviation increase
in the exposure variable. Thus standardised
coefficient can be used as an effect size estimate
when the exposure levels in original studies are
measured in different units of measurement.

Procedures to convert test statistics into effect
size index (with SE)

In systematic reviews studies addressing the
same research question are selected to be included
in one research synthesis (or meta-analysis). Often
reviewers refer to the problem of different statistical
methods and strategies being used to analyse the
relationship between the response and exposure
variables [4, 17]. In the following, we will show how
the results expressed as correlation coefficients,
linear regression coefficients or mean differences
can be re-expressed as a standardized effect size
index measuring the association between response
and exposure level. The derivation of standard
errors is also described. The different approaches
are summarized in Appendix A (Supplementary
Materials).

Several formulas in Appendix A require
the standard deviation (SD) for response
and exposure variables. In most of the
evaluated articles these are not given.
In those articles we can estimate these
statistics using various methods depending
on the data available in the article. The
different approaches are summarized in
Appendix B (Supplementary Materials).

Observed standardised regression
coefficient B is an easily interpretable effect size
measure. It has the following interpretation:

e An effect size value not significantly
different from zero supports the null
hypothesis that there is no association
between the exposure level and
response variable.

e A negative [ value supports the
hypothesis that high exposure level
decreases the response. If the upper
limit of confidence interval is below
zero then the association is considered
statistically significant.

e A positive B value supports the
hypothesis that high exposure level
increases the response. If the lower
limit of confidence interval is above
zero then the association is considered
statistically significant.

Pooled estimate of effect size index

In meta-analysis one combines the findings
(and effect sizes) from reviewed studies. The
problem is that every observed effect size is
not equal with regard to the reliability of the
information it carries. The way this is handled
is to weigh each effect size value by a term that
represents its precision. An optimal approach is
to weigh each effect size by the inverse of the
squared standard error of the effect size value.
Thus the formula for computing the associated
standard error must also be identified. To
obtain the summary effect of all reviewed
studies, we computed the weighted average
effect size using the following formula

M = ?_1 wif3;
I »
i=1 Wi

where k=number studies, w, is the standard
regression coefficient from study i, w, is the
inverse of (SE(B))*. The variance (SE(B))* could
be calculated using fixed effects or random
effects model [17, 18]. The software package
Comprehensive Meta-analysis [17] software was
used in this study for the meta-analysis.

Identification of articles for an example

We systematically searched Medline, Scopus
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and Web of Science (from inception to January
2012), with no language restrictions, for studies
in humans of the association between birth
weight and maternal PCB levels. The literature
was searched using the terms “polychlorinated
biphenyls “and “birth weight”, either as
thesaurus terms or in title or as abstract terms
with synonyms and closely related words which
are available upon request from the authors.
In the next step, relevant articles (as judged
on basis of the article type, title and abstract)
were retrieved for more detailed evaluation.
Only original research articles were included.
Finally, all retrieved articles were screened
to determine which met any of the following
criteria for exclusion: 1=birth weight was not an
outcome, 2=PCBs were not reported as exposure
variables, 3=data about birth weight or PCBs
was insufficient, 4=there was overlap with other
studies or a repetition of a previous study. From
the overlapping studies the most recent with the
highest number of cases was included because
it had the most comprehensive data. The main
outcome measure was birth weight of the new-
borns measured as a continuous variable.

A total of 140 articles were identified in
the first screen, for which titles and abstracts
were reviewed. In the second step, 51 original
articles were considered as relevant studies
and they were retrieved for detailed evaluation.
After full review, 27 articles met at least one of
the exclusion criteria, and thus were excluded.
Finally, 24 studies were included in our review.

Evaluation of statistical procedures and reporting
across studies

All 24 included papers were manually
reviewed for their content. Two independent
reviewers (PN and HL) performed the extraction
of data from the full articles. Disagreements
were resolved by discussion and consensus. The
following study information was collected: place of
the study, years of the study, measure of exposure,
PCB compounds and characteristics of the parents
and adjusted covariates. Types and frequencies
of statistical methods were also systematically
recorded and classified. Especially, we reviewed
whether the effect of several explanatory variables
on the outcome variable (birth weight) was
simultaneously analysed and which confounding
factors were controlled using regression models.

To evaluate the quality of reporting,
the following information was recorded for
each study: (1) whether sample size and data
analysis procedures were completely described
in the report’s methods section, (2) whether
mean value and standard deviation of birth
weight were reported, (3) whether location and
variation of PCB distribution were reported,
and (4) whether the exact P-value was reported.

RESULTS

Baseline characteristics of the included
studies are reported in Table 1. Note that PCBs
were measured using different methods and
metrics across the studies.

In the evaluated papers several different
statistical methods were applied to analyse the
identical research question of the relationship
between a quantitative response variable (birth
weight) and a quantitative exposure variable
(maternal PCB level). These included correlation
coefficient methods (Pearson correlation and non-
parametric correlation coefficients) and linear
regression models where the full information
from continuous variables is utilized. In almost
half of the studies (11 of 24 studies) the PCB
levels were categorized to two or more groups,
and mean values of the birth weight between
exposure groups were compared using t-test,
analysis of variance or analysis of covariance.
However, categorizing continuous explanatory
variables is not recommended in statistical
literature [19, 20]. The statistical methods used
in the articles were as follows: correlation
coefficient in 6 articles (25.0%), univariate
linear regression (2 articles, 8.3%), multivariate
linear regression (16 articles, 66.7%), analysis
of covariance (5 articles, 20.8%), comparison
of mean values (8 articles, 33.3%) and non-
parametric methods for comparing groups (6
articles, 25.0 %). Note that in some articles more
than one method was used.

In 18 of the publications included
in this review, information was collected
on potential confounding variables and
the reported regression coefficients were
adjusted for these confounding factors. Table
2 provides information about the covariates
and adjusted factors included in the estimated
regression models of the evaluated articles.
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YEAR OF REPORTED
DATA P;%%e F POPULATION ASSEF;%?WENT PCB
COLLECTION VARIABLE
Caucasian women, resident for >15 St 6F
Bergonzi Province of years in Brescia, undergoing planned
[28] 2006 Brescia, Italy caesarean section at the University Maternal serum coBr? Fe)ﬁgrs
Hospital of Brescia g
Sum of
. PCB
) 86 mothers delivering healthy boys eyel
DB;\[/JS};} 2002-2005 Nice area, France (gestat_ional age 234 weeks) at two Mother’s milk égniinig
maternity wards in Southern France 118, 138, 153,
180)
Sum of
30 primipara mothers without clinical six PCB
: o complications between the ages 20- S congeners
Chao[35] 2001 Taichung, Taiwan 35 in Chung Shan Medical University Mother’s milk (28, 52, 101,
Hospital 138, 153,
180)
Newly delivered mothers in four
L - Lo PCBs based
g Lake Michigan, hospitals located near Lake Michigan,
Fein [36] L USA who were asked to report their Cord serum ongrgglor
consumption of Lake Michigan fish
450 mothers from cohort of 4000
men, women and children who
had consumed contaminated food PCBs based
Givens [37] 1976-1998 Michigan, USA products. These mothers conceived Maternal serum on Aroclor
and gave birth from 1973 to 1997 to 1254
infants who were potentially exposed
in utero
. ingleton infants drawn from the
Kyiv and EOARIE : : e Sum of PCB
aden [3 1993-1994 niprodzerzhinsk, e =i other’s mi congeners
Gladen [38] Dniprod inalk general population born in two cities Mother’s milk
Uliatine (participants in Children of g P
Ukraine study) 53 3
182 pregnant women with
spontaneous singleton term births Sum of 28
Grandjean at the National Hospital in Térshavn. detectable
[39] 1994-1995 Faroe Islands The cohort was based on the primary Maternal serum PCB
catchment area away from the capital congeners
area of Térshavn
100 nulliparous women who gave birth Sum of
to singleton full-term infants, aged 25- six PCB
Halldorsson ) 35 years with normal pre-pregnancy congeners
[40] {08002 Denmark BMI were selected according to their Maternal serum (105, 118,
intake of fatty fish from the Danish 138, 153,
National Birth Cohort 156, 180)
Subset of the Child Health and
Development study, a cohort of Sulin @
Hertz- ) San Francisco Bay about 20000 pregnant women either :
Picciotto [41] 1964-1967 Area, USA attending prenatal clinics or giving Maternal serum cgll?eelzg?s
birth at Kaiser Foundation Health Plan 8
Medical Centers
S%aGtE%Vng?trits Women enrolled in the Prospective Sum 6ff
Jackson [42] 1996-1999 surrounding Lakes Pregnancy Study of the New York Maternal serum 74 PCB
o ari) Oriarie State Angler Cohort Study prior to i
0 attempting pregnancy 8
Births that occurred after 1968 in PCBs based
Karmaus [5] 1973-1991 Michigan, USA cohort of Michigan anglers (Great Maternal serum on Aroclor
1260

Lakes Fish Eater Study)
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TABLE 1 (CONTINUED)

BASELINE CHARACTERISTICS OF THE INCLUDED STUDIES

YEAR OF
DATA
COLLECTION

PLACE OF
STUDY

BIOSTATISTICS

POPULATION

Inborn Infants delivered at the

PCB
ASSESSMENT

REPORTED
PCB
VARIABLE

s Sapporo Tohho I(-jlc_)fsmtal. Mothersd Sl(lj[n of
o _ apporo, were approached if they were 23rd- 12 dioxin-
Konishi [43] 200232005 Hokkaido, Japan 35th weeks of gestation, and no Maternal serum like PCB
serious illness or any other medical congeners
complications
Pregnant women, delivery of a live-born Sum of
Longf?ﬁcker 1959-1965 12 (L:Jéi.trsggdy singleton and availability of a 3 mL Maternal serum 11 PCB
aliquot of third-trimester maternal serum congeners
The population under study is
represented by Inuit women who Surin ff
_ : lived in 14 coastal villages of Nunavik
Lucas [44] 1993-1996 Nunavik, Canada 6 el 26 T At e &1 Cord serum colrf zﬁgrs
the Tulattavik Health Centre and 8
Inuulitsivik Health Centre
A population-based prospective
cohort of preconception enrollment of
women. Eligibility criteria included age Sum of
Murphy [12] 1995-1996 New York, USA 18-34 years, no physician-diagnosed Maternal serum 76 PCB
infertility. Of the eligible women, 69 congeners
became pregnant and 55 of these
pregnancies resulted in live births
Infants born at term 37-42 weeks Sum of
: of gestation, without congenital four PCB
Pafa"?'" 1990-1992 R‘,{fﬁ_fﬁﬂ?&;gﬁ‘e anomalies or diseases. Participants Cord serum congeners
4 lived in Rotterdam or its immediate (118, 138,
surroundings 153, 180)
Sum of
seven PCB
Ribas-Fito g o All children born in the main hospital congeners
[46] 1997-1999 Flix, Spain of the study area Cord serum (28, 52, 101,
118, 138, 153,
180)
New Bedford, A cohort of 722 infants born to mothers Sum of
Sagiv [13] 1993-1998 Massachusetts, residing near a PCB-contaminated Cord serum 51 PCB
USA harbor and Superfund site congeners
Mother-child pairs recruited from Sum of
two districts: one with high PCB six PCB
Sonneborn . contamination in the environment and congeners
(471 2002-2004 Eastern Slovakia e il e (eviels o BEERS, Maiinare Maternal serum (118, 138,
were enrolled at the time they came to 153, 156,
the hospital for delivery 170, 180)
Pregnant 240 mothers aged 25-34 Sum of 12
Tajimi[24] 1999-2000 Tokyo, Japan years who had resided in Tokyo for Mother’s milk coplanar PCB
more than 5 years congeners
41 native Singaporean mothers
Tan [48] 2006 Singapore admitted to the National Hospital of Cord serum Slu?aonfdeBs
Singapore for cesarean section 3 53
fo S All consecutive women from one of the
Var[tlal]nen 1987 KLIJ-IOel?(I)nkFIir?l?:lid maternity clinics in Helsinki and one Mother’s milk No details
49 [PIS clinic in Kuopio, a total of 167 mothers
Wei[‘;i‘)k](’pf 1993-1995 I(’Eerge’zi%tnl:auksei Mothers consuming sport-caught fish Maternal serum No details
Sum of
New York Cit Ethnically diverse cohort of mother- four PCB
Wolff [29] 1998-2002 USA Y, infant pairs enrolled at Mount Sinai Maternal serum congeners
Hospital during pregnancy, n=404 (118, 138,
153, 180)
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A total of 6 articles reported only a bivariate
association between PCB exposure and birth
weight. These studies did not adjust the
association by other potential factors. In
12 studies gestational age was included as
a covariate in the regression model. Other
common analysed confounding variables
were gender, parity and the following
maternal characteristics: smoking, age,
height and body mass index (BMI).

A complete description of data analysis
procedures was not presented in 7 papers
(29.2%). Failure to describe the distribution of
the primary outcome variable was common;
of the 24 evaluated articles, mean value of
birth weight was not reported in five articles
(20,8%) and standard deviation was missing in
9 articles (37.5%). Location statistics of the PCB
level were missing in 3 articles and information
about the variation of PCB level was missing in
four articles. Furthermore, the exact p-value of
the main outcome was not reported in ten of
the 24 articles (41.7%).

We applied the formulas presented
in Appendix A (Supplementary Materials)
to transform the reported findings of the
reviewed PCB studies to standardized
regression coefficients. Table 3 presents the
estimated effect size of interest, namely f3
(standardized regression coefficient) with its
standard error for each study. We calculated
both wunadjusted and adjusted regression
coefficients if the required data was reported
in the original study. In some studies basic
data was not shown and it was impossible to
calculate the effect size index. A random-effect
meta-analysis was performed to estimate
the overall effect sizes for unadjusted and
adjusted studies.

Figure 1 shows the results of meta-analysis
when standardized wunadjusted regression
coefficient was used as an effect size. The
pooled estimate of regression coefficient was
-0.046 (95% CI: -0.095, 0.004). Figure 2 shows
the meta-analysis of standardized adjusted
regression coefficients. The pooled estimate for
the adjusted studies is similar to the unadjusted
cases: -0.039 (95% CI: -0.076, -0.001). The meta-
analyses showed that the high maternal PCB
concentration seems to be related with low
birth weight.

DISCUSSION

Because many original studies for various
reasons are relatively small and differ in
their statistical content, it is important to
have practicable research methods to combine
findings from different studies to describe
the relationships between exposures and
outcomes. Such information is important for
policy-makers and authorities when they
make recommendations and guidelines for the
population. This article presents an approach
for the synthesis of an association between
a quantitative dependent variable and one
main explanatory factor when the exposure
measurement methods and controlling of
other potential covariates varies between the
reviewed studies. We described a method on
how it is possible to develop a workable effect
size statistic that can be applied to the research
findings of interest. We applied this method in
a systematic review of studies that evaluated
the effect of PCB exposure on infant birth
weight. In this meta-analysis we found a weak
negative correlation between these variables.

Our findings are in line with a recent
meta-analysis report within 12 European birth
cohorts [15]. In their study, Govarts et al.
[15] had access to the original data from the
cohorts and used PCB-153 congener as a
biomarker of PCB exposure. Using identical
exposure variable definitions or conversation
factors they estimated for each cohort linear
regression model of birth weight on cord
serum concentration of PCB-153 adjusted for
selected covariates. Meta-analysis produced a
combined regression coefficient -0.15 (95% CI:
-0.24, -0-05) of cord serum PCB-153 (ug/L),
corresponding to a weight decline of 150 g
per 1 pg/L increase in cord serum PCB-153. If
we apply our estimated regression coefficient
(-0.039) to the combined data of Govarts
et al. [15] where the standard deviation of
combined cord serum PCB-153 was 0.16 pg/L
and estimated (given by supplemental material)
standard deviation of birth weight was 556 gr
then we get a weight decline of 22 g per 0.16
pg/L and a decline of 6.25%22 g = 137.5 g per 1
pg/L. We conclude that our method to combine
findings across different published studies with
different statistical content support the findings
from combined cohorts with identical variables
and methods.
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TABLE 2

COVARIATES AND ADJUSTED FACTORS USED IN THE EVALUATED 24 ARTICLES

STUDY BIRTH OUTCOMES MATERNAL FACTORS
GA GENDER BYIEA-\I-I:I PARITY SMOKING AGE EDUCATION HEIGHT WEIGHT BMI RACE
Bergonzi[28] Unadjusted
Brucker- .
Davis [34] Unadjusted
Chao [35] Unadjusted
Type of delivery, maternal
Fein [36] weight gain during
pregnancy
Givens [37]
Gladen [38] City
Grandjean
[39]
Halldorsson Plasma lipid
[40] concentration
Prenatal care,
M hypertension, pre-

Picciotto [41]

eclampsia, child’s race,
specimen characteristics,

medication
Jackson [42] Unadjusted
Karmaus [5] DDE

Inshore fish intake, blood

Konishi [43] sampling period
Study center, serum level
Longlille]cker of triglycerides, cholesterol,
oxychlordane, DDE
Lucas [44] Unadjusted
Murphy [12]

Patandin [45]

Alcohol use, predicted
height

Ribas-Fito
[46]

Sagiv [13]

Local fish consumption

Sonneborn
[47]

Inter-pregnancy interval

Tajimi[24]

Tan [48]

Dietary, meat, milk,
post pregnancy weight
and BMI, previous
breastfeeding

Vartiainen
[49]

Unadjusted

Weisskopf
[50]

Alcohol use during
pregnancy, weeks of
breastfeeding

Wolff[29]

Pregnancy weight gain
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TABLE 3

NUMBER OF STUDY SUBJECTS (N), MEAN VALUE OF BIRTH WEIGHT (G) (MEAN BW) BY GENDER, ESTIMATED
STANDARD DEVIATION OF BIRTH WEIGHT (BW SD), STATISTICAL METHOD USED, UNADJUSTED AND ADJUSTED
STANDARDIZED REGRESSION COEFFICIENT 8 WITH STANDARD DEVIATION SE(() FOR EACH EVALUATED STUDY

MEAN BW ESTIMATED MULTIPLE BIVARIATE COMPARISON UNADJUSTED ADJUSTED
BOYS GIRLS ALL BWSD REGRESSION CORRELATION OF MEANS B SER) B  SE)
Bergonzi[28] 70 [3385 3021 (3245 466 dns* X dns -0.110 | 0.103 | na? na
Brucker-Davis[34] | 65 |3275 3275 423 X -0.240| 0.122
Chao[35] 30 3140 278 X - 0.214 0.185
Fein[36] 241 3520 552 X -0.136 | 0.063
Givens [37] 814 [3636 (34423551 533 X -0.013 | 0.035 |-0.021| 0.035
Gladen[38] 162 3433 486 X -0.004 | 0.031 [ -0.101 | 0.064
Grandjean [39] 182 | 3801|3537 (3672 484 X -0.067| 0.216
Halldorsson [40] 100 3580 435 -0.161 | 0.107 [-0.273| 0.119
Hertz-Picciotto [41] | 399 dns dns -0.180 | 0.150
Jackson [42] 44 3482 565 X -0.035| 0.151
Karmaus [5] 168 3457 482 -0.104 | 0.217 |-0.444| 0.270
Konishi[43] 398 | 3160 | 3046 [3100 349 -0.087| 0.053
Longnecker[11] 1034 3193 531 X 0.021 | 0.071 | 0.112 | 0.084
Lucas [44] 351 | 3567 | 3438|3502 441 X 0.158 | 0.102
Murphy [12] 50 3500 580 X -0.110 | 0.103
Patandin [45] 179 | 3514 | 3411|3466 437 X -0.091| 0.041
Ribas-Fito [46] 70 3245 489 X -0.005| 0.031
Sagiv [13] 722 3416 dns X X na na na na
Sonneborn [47] 1057 3325 497 X 0.010 |0.0251
Tajimi [24] 240 dns dns X X -0.141|0.064 | na na
Tan [48] 41 dns dns X -0.080| 0.080
Vartiainen [49] 167 | 3742|3535 (3630 527 X -0.095| 0.078
Weisskopf[50] 143 3544 561 X 0.028 | 0.069
Wolff[29] 178 dns dns X na na

*dns = data not shown in the article, > na = not applicable due to incomplete reporting

El Majidi et al. [14] have also evaluated
20 published epidemiological studies of the
relationship between PCBs and birth weight.
The reviewed papers were mainly the same
as in our study. To facilitate comparisons of
results from different papers, El Majidi et al.
[14] applied conversion factors to standardize
the reported exposure data. Their review of the
relationship is more narrative as the authors
categorize the studies to those with an observed
effect and to ones with non-observed effect
on birth weight. They provide no statistical
mechanism for synthesizing the data. They
conclude that there is a low probability of
PCB-related effects on birth weight. However,
decisions based on simple counting statistically
significant and non-significant studies can be

misleading, especially as the number of studies
increases [17, 21]. Approach proposed in our
paper allows reviewers to assess the magnitude
of the effect, even when direct comparison of
studies is difficult.

There are some forms of research findings
that cannot readily be combined in a meta-
analysis using established effect size statistics
[4]. These include findings generated by
multivariable analysis, e.g. multiple regression,
discriminant analysis, factor analysis and
structural equation models. Their complexity
and diversity across studies with regard
to the selection of variables and reporting
practices has made it difficult to develop effect
size statistics for these forms of research.
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FIGURE 1

OBSERVED 95% CONFIDENCE INTERVALS OF THE UNADJUSTED STANDARDIZED REGRESSION COEFFICIENTS

FROM 12 STUDIES ESTIMATING THE RELATIONSHIP BETWEEN PCB EXPOSURE AND INFANT BIRTH WEIGHT

Study name Statistics for each study Point estimate and 95% Cl
e sI:?ILnatt e Lower limit Upper limit | p-Value
Bergonzi -0.110 -0.311 0.091 0.283 —a
Brucker-Davis -0.240 -0.480 -0.000 0.050 ——
Chao -0.214 -0.576 0.148 0.246 +——
Givens -0.013 -0.082 0.055 0.704
Gladen -0.004 -0.065 0.056 0.894 =
Halldorsson -0.161 -0.371 0.048 0.132 —at
Jackson -0.035 -0.330 0.260 0.816 —a—
Karmaus -0.104 -0.528 0.321 0.632 &
Longnecker 0.021 -0.118 0.160 0.765 .
Lucas 0.158 -0.041 0.357 0.120 +—i—
Tajimi -0.141 -0.267 -0.015 0.028
Vartiainen -0.095 -0.248 0.057 0.220 -
Combined effect -0.046 -0.095 0.004 0.070 *

-1.00 -0.50 0.00 050 1.00

FIGURE 2

OBSERVED 95% CONFIDENCE INTERVALS OF THE ADJUSTED STANDARDIZED REGRESSION COEFFICIENTS FROM 15
STUDIES ESTIMATING THE RELATIONSHIP BETWEEN PCB EXPOSURE AND INFANT BIRTH WEIGHT.

THE ADJUSTED COVARIATES ARE REPORTED IN TABLE 2

Study name Statistics for each study Point estimate and 95% Cl
e s':?ni,lnatt e Lower limit Upper limit | p-Value
Fein -0.136 -0.259 -0.013 0.031
Givens -0.021 -0.090 0.048 0.546
Gladen 0.010 -0.116 0.136 0.875
Grandjean -0.070 -0.511 0.371 0.756
Halldorsson -0.273 -0.507 -0.040 0.022 ——
Hertz-Picciotto -0.088 -0.382 0.206 0.559 ——
Karmaus -0.444 -0.973 0.085 0.100 1
Konishi -0.087 -0.192 0.018 0.105 &
Longnecker 0.112 -0.054 0.277 0.185 i
Murphy -0.110 -0.311 0.092 0.285 -
Patandin -0.091 -0.171 -0.011 0.026
Ritas-Fito -0.005 -0.066 0.056 0.876
Sonneborn 0.010 -0.039 0.059 0.690
Tan -0.080 -0.237 0.077 0.317
Weiskopf 0.028 -0.107 0.163 0.682
Combined effect -0.039 -0.076 -0.001 0.042

-1.00 -0.50 0.00 050 1.00
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Multivariable regression is a flexible method
of data analysis that may be appropriate
whenever a quantitative dependent variable is
to be examined in relationship with any other
predictor variables [16, 22]. The synthesis of
regression coefficients has received increased
attention in recent years due to increased
use of multivariable methods in medicine
[23]. Becker and Wu [23] present a review
of existing methods for the synthesis of
regression coefficients and summarizes the
main strengths and weaknesses of these
methods. According to Becker and Wu [23] the
main problems with these methods include
different measurement scales of explanatory
variables across studies and lack of required
information in the study reports.

To estimate the independent effect of
PCBs on birth weight, the effect of these other
covariates should be controlled or adjusted
for [16]. Our review revealed differences in
the choice of adjusted factors. This is partly
understandable because many factors related
to the mother modify human foetal growth
process in different ways [9, 10]. However,
two covariates could be of crucial importance
for the interpretation of findings, namely
gestational age affecting birth weight and
mother’s consumption of fish affecting personal
PCB level and possibly also birth weight.
While results from most of the studies were
routinely adjusted for gestational age, two
studies decided not to adjust for gestational age
because gestational age is in the causal pathway
and not a confounder [12, 24]. Schisterman et
al. [25] discussed also this issue and argued that
adjustment by gestational age is unnecessary
or even potential source of bias, because
adjustment by gestational age does not alter
the expectation of the causal effect between
PCB level and birth weight but may affect the
precision of the estimated effect.

Statistical ~methods naturally play
a significant role in the studies pursuing
associations between explanatory variables
and health outcomes [22, 26]. Unfortunately,
medical research articles have included poor
reporting of statistical methods [3, 27]. The
existence of this problem was evident in the
set of articles evaluated for this review. In some
cases [13, 24, 28, 29] incomplete reporting of
statistics in the studies limited or prevented the

use of these studies in this systematic review.
Most of the shortcomings in reporting of
statistical information in the articles reviewed
here were related to basic fundamental topics
that are covered in basic introductory books of
medical statistics. The main outward reporting
of an original research paper should consist
of statistical expressions, which summarize
the raw data used in the research, including
location and variability statistics. The reporting
of estimated multivariable regression models
needs attachments such as tables and
figures reporting descriptive statistics about
the distributions of response variables and
explanatory variables. This would help other
researchers to utilize the results in their
approaches to summarize and meta-analyse the
magnitude of the effects.

A standard method of reporting would
certainly improve the ability to compare
different studies. There are initiatives which
provide guidance on how to appropriately
report observational research. One of them is
the STROBE Statement aimed to establish a
checklist of items that should be included in
articles reporting such observational studies
[30]. Authors should follow these guidelines.

Statistical methods used in studies should
not be the basis for inclusion of the studies
in meta-analysis [31]. Statistical text books
note that the same research question can be
analysed with different statistical methods [32,
33]. Our evaluation revealed that this applies
also to the association between two quantitative
variables (birth weight and PCB level) with
potential confounding factors involved. There
was variation in variable measurement methods,
transformations, descriptive statistics and
inference methods. We included studies with
various designs, analyses or methodological
quality. This resulted in variability among the
studies, but also reflects the reality when trying
to summarize the findings from observational
studies. Comparison of the effect sizes produced
by different statistical techniques is a challenge
for readers, reviewers and especially those
wanting to carry out a meta-analysis. Our
approach based on standardized regression
coefficients provides a workable effect size index
when inference about the size and strength of
effects in published studies are sought.
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APPENDIX A

In this appendix we describe how to
calculate the standardised regression
coefficient effect size B and its standard error
SE(B) in different research approaches of the
original studies.

1. If B value, the standardized regression
coefficient, is reported from the estimated
linear regression model, it is used as the effect
size. Standard error is obtained from model
output (if reported), from reported confidence
interval, or from test statistic to test the
hypotheses: 8 = 0.

2. If in an unadjusted analysis, Pearson or
Spearman correlation coefficient r is reported,
B equals to r and

1-1r?2

Vn—=1

SE(B) =
[4, 17].

3. If a study reports the results of a simple
linear regression Y = a + b X, B value can be
obtained by applying formula

SD(X)
~SD(Y)

p

where SD(Y) is the standard deviation of
response variable in the study and SD(X) is the
standard deviation of exposure measure used
in the study [51, 52].

The standard error for beta is obtained as
follows:

LY P Y]
SE(R) = ——SE(h).
)] DY) (h)
4. Several articles have estimated

multivariable linear regression model to report
the adjusted regression coefficient b between

e8854-12

response Y and exposure X. We obtained the
effect size statistic B by applying the same
formula as in previous item 3 when b was the
adjusted regression coefficient [16].

5. In some articles mean values of the
response variable are compared between low
and high exposure groups. We can first calculate
the (Cohen’s or Hedges) mean difference effect
size statistic

__ -
SD(within)’

where y, is the mean response value
in the low exposure group, y, is the mean
response value in the high exposure group
and SD(within) is the within-groups standard
deviation, pooled across groups [4, 17].

Then we can convert from mean difference
(d) to correlation coefficient r using the formula

d
Vde + a

where a is a correction factor for cases

nl inz,

(ny + n2)*
f@=—
nn,
[17]. If n, #n,then a = 4 [17, 53]. The
standard error for r is given by

a SE(d
SE(r) = 252D,
vd? +a
where SE(d) is the standard error of mean
difference d.

6. In some articles the authors have
used analysis of variance to compare the
mean response values between more than two
groups with different ordered exposure levels.
We applied the linear trend test (by performing
linear regression analysis with the group
means as dependent variable and contrast as
explanatory variable)[54]. We obtained the
with SE(f3) as follows:
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B SD(contrast)
 ED(X)

SD(contrast)

SO0 SE(b),

SE(f) =

where SD(contrast) is the SD for explanatory
contrast values and SD(X) is standard deviation
of the exposure variable X and b is the effect
size for trend.

APPENDIX B

We have used the following procedures:

1. If SD of response variable was given in
k different sub-groups, SD was obtained using
formula

(k = 1)[SD{berween)]?

SD(Y) = |[SD{pooled)]? + e

|

where SD(pooled) is the within-groups
standard deviation pooled across groups,

SD(between) is the between groups mean sum
of squares (standard deviation) and n=total
number of subjects [55].

2. If minimum and maximum (or lower and
upper quartile) value of response variable was
given, we estimated SD by applying formulas

(max — min)
5D(Y)=——F—
&

(upper quartile — lower quartile)
1.349

Sp(Y) =

[56, 571

3. If standard error of response Y or
confidence interval for mean value of response
Y were reported, we obtained SD(Y) by
applying the formulas

SD(Y) = vn-SE(Y)

If SE(Y) was not given, we obtained it from
the confidence interval.
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