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Abstract
Objective  It was repeatedly shown that lower income 
is associated with higher risks for subsequent obesity. 
However, the perspective of a potential reverse causality is 
often neglected, in which obesity is considered a cause for 
lower income, when obese people drift into lower-income 
jobs due to labour–market discrimination and public 
stigmatisation. This review was performed to explore the 
direction of the relation between income and obesity by 
specifically assessing the importance of social causation 
and reverse causality.
Design  Systematic review and meta-analysis.
Methods  A systematic literature search was conducted 
in January 2017. The databases Medline, PsycINFO, 
Sociological Abstracts, International Bibliography of Social 
Sciences and Sociological Index were screened to identify 
prospective cohort studies with quantitative data on 
the relation between income and obesity. Meta-analytic 
methods were applied using random-effect models, and 
the quality of studies assessed with the Newcastle-Ottawa 
Scale. 
Results  In total, 21 studies were eligible for meta-
analysis. All included studies originated from either the 
USA (n=16), the UK (n=3) or Canada (n=2). From these, 
14 studies on causation and 7 studies on reverse causality 
were found. Meta-analyses revealed that lower income 
is associated with subsequent obesity (OR 1.27, 95% CI 
1.10 to 1.47; risk ratio 1.52, 95% CI 1.08 to 2.13), though 
the statistical significance vanished once adjusted for 
publication bias. Studies on reverse causality indicated a 
more consistent relation between obesity and subsequent 
income, even after taking publication bias into account 
(standardised mean difference −0.15, 95% CI −0.30 to 
0.01). Sensitivity analyses implied that the association 
is influenced by obesity measurement, gender, length of 
observation and study quality.
Conclusions  Findings suggest that there is more 
consistent evidence for reverse causality. Therefore, there 
is a need to examine reverse causality processes in more 
detail to understand the relation between income and 
obesity.
PROSPERO registration number  42016041296.

Introduction
Obesity is a major public health issue. 
According to a recent trend analysis in 200 
countries, age-standardised prevalence 
of obesity increased from 3.2% to 10.8% 

between 1975 and 2014 in men, and from 
6.4% to 14.9% in women.1 In this study, like 
in many others, obesity was defined by a body 
mass index (BMI) of 30 or higher. Obesity is 
a major risk factor for all-cause mortality, a 
number of non-communicable diseases and 
reduced quality of life.2–6 

Within social epidemiological research, 
income (as an indicator of the socioeconomic 
status; SES) was found to be inversely associ-
ated with obesity,7–9 though this relationship 
can be interpreted in two directions: (1) 
the causation hypothesis that explains lower 
income as a cause for subsequent obesity and 
(2) the perspective of a reversed causality, in 
which obesity is not the result, but rather the 
cause for lower income.

In order to describe why people with lower 
income are more vulnerable to obesity, the 
framework of social determinants of health 
indicates that material conditions confine 
one’s access to (healthy) food and health-
care,10 11 while also influencing health-re-
lated behaviours (ie, dietary behaviours and 
physical activity),12 and psychosocial factors 
that derive from relative deprivation (eg, 
control over life, insecurity, social isolation, 
stress).13–15

In contrast, one important argument 
for reverse causality is stigma. Studies 
suggest that the obese are more likely to be 
perceived as lazy, unsuccessful, weak-willed 
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and undisciplined.16–19 On basis of these negative stereo-
types, the obese face various weight penalties in the 
labour market, which include higher job insecurity, 
lower chances for a job and general discrimination.20–23 
Furthermore, these stereotypes are also often internal-
ised by those afflicted, which leads to self-stigma, reduced 
psychological resources as well as mental health prob-
lems.24 By following these two frameworks, there are 
various pathways in which income relates to obesity and 
vice versa: with reference to the perspective of causation, 
income does not only restrict one’s access to (healthy) 
food, but is also linked to higher health literacy which, in 
turn, is positively related to health-promoting behaviours 
(ie, healthy nutrition, physical activity).12 25 Further, 
lower income is associated with higher levels of psycho-
social stressors which include decreased control over life, 
and higher insecurity, social isolation, stress and mental 
disorders.10 13–15 By attempting to integrate the stigma 
theory into the model of social determinants of health, 
in our interpretation, the stigmatisation of the obese also 
correlates with material (ie, less income through weight 
penalty), behavioural (ie, change in health-promoting 
behaviour through discrimination), as well as psychoso-
cial factors (ie, self-stigma may inflict lower control over 
life, social isolation, stress, lower self-esteem) that may, 
again, lead to a higher risk of obesity.

This work builds on a former review that examined the 
relative importance of causation and reverse causality 
in the association between education and overweight/
obesity.25 Though education and income can be conceptu-
alised under the broader term of the SES, specific dimen-
sions of SES should not be regarded as interchangeable in 
their relation to obesity.26 First, income rather influences 
material benefits for health, while education foremost 
relates to knowledge to gain or retain health. Second, 
income and education have a different importance across 
the life course, since educational attainment takes place 
during childhood and adolescence, while wages, earning 
and income are generally associated with the occupation 
in adulthood. For these reasons, income and education 
have different implications for public health.

This systematic review aims to assess both directions in 
the link of income and obesity, in order to address the 
relative importance of social causation processes and 
reverse causality in explaining the relationship.

Methods
A systematic review of peer-reviewed studies that 
addressed the relationship between income and obesity 
was performed and completed in January 2017. To 
enhance the reproducibility of our findings, this review 
was conducted on the basis of the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses    guide-
lines.27 A corresponding checklist is available online (see 
online supplementary file 1).

Medline and PsycINFO  were chosen as the main 
health-related databases. Moreover, the sociological 

databases Sociological Abstracts, International Bibliog-
raphy of Social Sciences and Sociological Index were 
considered.

For the search, the following equation was used: 
(adipos* OR obes* OR body-mass-index OR BMI OR 
‘waist-hip ratio’ OR WHR OR ‘skinfold thickness’) AND 
(‘social status’ OR socioeconomic OR socioeconomic 
OR inequalit* OR income OR earning* OR wage*) 
AND (longitudinal OR prospective OR ‘panel stud*’ OR 
‘cohort stud*’).

Inclusion and exclusion criteria
For inclusion, original studies had to be published in a 
peer-reviewed journal and contain quantitative data on the 
relation between income and obesity. Further initial restric-
tions (ie, language, publication years) were not considered.

Population
Studies were deemed eligible for inclusion if participants 
were part of the general population. Therefore, studies 
with a focus on specific population groups (ie, patient 
population) were excluded.

Intervention/exposure
On the one hand, studies were omitted if they did not 
explicitly focus on income and/or rather referred to global 
SES measures (eg, neighbourhood SES or SES index).

Control group
Regardless of the study’s focus on either causation or 
reverse causality, a specific control group or non-exposed 
group (eg, people with higher income or non-obese partic-
ipants) had to be provided to test the unique influence of 
an exposure (lower income or obesity).

Outcome
Studies that used overweight as their main outcome were 
excluded since obesity was found to be more predic-
tive of health-related outcomes.28 29 Therefore, studies 
were included if they focused on obesity, regardless of 
measurement (eg, BMI ≥30, age-specific and sex-specific 
percentiles, z-scores). For studies testing reverse causality, 
all types of outcomes associated with one’s own income 
were included (eg, wages, earnings, household income).

Study design
Finally, only studies with a prospective design were 
considered, since a clear direction of causation or 
reverse causality can hardly be drawn from cross-sectional 
investigations.

In case of disagreements on inclusion or exclusion, 
respective records were discussed by the two reviewers 
(TJK and Nina Marie Roesler). If a consensus could not 
be achieved, a third reviewer (OK) was involved until an 
agreement was found.

Data extraction
Studies were assessed and the following study informa-
tion retrieved: author(s), study name, country or region, 
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Figure 1  Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow chart of included studies. BMI, body 
mass index; N, number of records; SES, socioeconomic status.

type of hypothesis, population type, sample size, age at 
baseline, gender proportion, measurement of income 
and obesity as well as length of observation, and adjusted 
covariates. In case multiple ascertainments of income 
were reported within a single study, the most appropriate 
measure was chosen. For instance, in studies with a chil-
dren population, household income better describes the 
child’s financial situation, while measures of parental, 
paternal and maternal income were the next best alterna-
tive measures, respectively. In studies with adults, however, 
personal wages were the most appropriate measure to 
characterise one’s disadvantage on the labour market, 
followed by earnings and household income, respectively. 
TJK extracted the data and performed the meta-analyses.

Data analyses
Since most studies testing the causation hypothesis used 
ORs and corresponding 95%  CIs in their analyses, all 
statistics were converted to log odds and SEs. In case 
ORs, log odds or SE were not readily available, effect 
sizes were estimated on basis of alternative statistics 
such as t  value or P  value and sample size. In contrast 
to the studies on social causation, which mostly referred 
to a binary outcome (obese vs non-obese), studies on 
reverse causality rather examined a continuous variable 
(income), mostly based on unstandardised regression 
coefficients. In order to provide a better comparability 
in the meta-analysis, these coefficients were transformed 
into standardised mean differences (SMD). For the 
meta-analyses of both hypotheses, effect sizes from fully 
adjusted models were taken, if available. Random-effect 
models were employed, and pooled estimates weighted 
with the restricted maximum  likelihood estimator.30 
Cochran’s Q test and Higgin’s I2 measure were calculated 

to evaluate the proportional degree of heterogeneity. 
Finally, stratified meta-analyses were run to reveal poten-
tial moderating effects (ie, study region, population type, 
measurement of obesity, gender, time lag between base-
line and follow-up, and study quality).

To test impeding publication bias, Egger’s regression 
test and the trim-and-fill-method were used.31 32 The visu-
alisation and calculation of effect sizes, pooled estimates, 
sensitivity analyses and publication bias were executed 
with R and the packages ‘esc’ and ‘metafor’.30 33

Study quality
In order to assess the quality of non-randomised studies in 
meta-analyses, we referred to the Newcastle-Ottawa Scale 
for cohort studies (NOS).34 The NOS includes a total of 
nine items across three dimensions (ie, sample selection, 
comparability of cohorts, the assessment of outcome). 
However, two of nine criteria could hardly be applied 
to studies testing the reverse causality hypothesis as they 
focused on an outcome that was explicitly non-health 
related. Therefore, the two questions: (1) if the outcome 
of interest was not present at start of study and (2) if the 
follow-up duration was long enough for the outcome to 
occur, were excluded to provide a better precision of 
the NOS checklist. The application of the NOS checklist 
was carried out by TJK and OK and discussed in case of 
divergences.

Results
Literature search
The inclusion and exclusion of studies is shown in  
figure 1. Through the initial screening of all five databases, 
3955 records were found. After removing duplicates, 
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3027 titles and abstracts were screened for eligibility. 
Hereafter, another 2941 records were excluded. The 
full texts of the remaining 86 records were then screened 
for eligibility, from which 65 were dismissed. A detailed 
summary of reasons of exclusion is accessible online 
(see online supplementary file 2). Finally, 21 articles met 
all predefined inclusion criteria and were considered for 
meta-analysis. In an additional screening of the refer-
ences of included studies, no further eligible records 
were found. Overall, 14 studies addressed the social 
causation and 7  the reverse causality hypothesis (see 
table 1 for an overview of the included studies). Informa-
tion about the quality of the studies according to the NOS 
checklist is available online (see online  supplementary  
file 3).

Studies testing the causation hypothesis
In 10 of the studies investigating the causation hypoth-
esis, ORs were calculated, while in four studies risk 
ratios (RRs) were documented. Pooled estimates indi-
cate the likelihood or risk for subsequent obesity among 
people with a low income compared with those having a 
high income (figure 2). Overall, results reveal a higher 
chance (OR 1.27, 95% CI 1.10 to 1.47) and an increased 
risk (RR 1.52, 95% CI 1.08 to 2.13) for obesity among 
low-income groups. Across studies referring to ORs, 4 
of the 10 studies revealed statistically significant effects. 
In terms of RRs, two out of four were significant. None 
of the studies analysing causation indicated a posi-
tive relationship. For the 10 studies with ORs, a statis-
tically significant publication bias was detected (see 
online  supplementary file 4), Egger’s regression test: 
z=5.0846, P<0.0001). After the imputation of studies to 
correct for publication bias, the OR decreased consid-
erably and became statistically insignificant (adjusted 
OR 1.10, 95% CI 0.90 to 1.34). And though no publica-
tion bias could be detected for the four studies testing 
the causation hypothesis with RRs, an imputation of 
studies to adjust for potential publication bias yielded 
a decreased and statistically insignificant effect size for 
this meta-analysis (adjusted RR 1.16, 95% CI 0.73 to 
1.82) (see online supplementary file 5).

Studies testing reverse causality
In seven studies that analysed the reverse causality 
hypothesis (figure 3), the pooled estimate (SMD), which 
expresses the size of the effect in each study relative to the 
variability observed, was −0.15 (95% CI −0.30 to 0.001), 
implying that people with obesity had a significantly lower 
income, when compared with the non-obese. This effect 
was statistically significant in five studies, while one study 
found a positive effect,35 and one study revealed a rela-
tionship that was statistically insignificant.36 Through the 
test for funnel plot asymmetry, no publication bias was 
detected. The effect sizes did not change after the impu-
tation to adjust for publication bias (see online supple-
mentary file 6).

Sensitivity analyses
In order to reveal potential moderating effects, stratified 
meta-analysis were performed (table 2). Sensitivity anal-
yses showed that the majority of included studies were 
conducted in the USA (causation: 71%; reverse causality: 
85%), whereas the only other study countries were the 
UK (causation: 21%) and Canada (causation: 7%; reverse 
causality 14%). Furthermore, the stratification for popu-
lation revealed that causation mostly relied on children 
populations (79%), while studies on reverse causality 
exclusively focused on adults. The results for both region 
and population, however, remained fairly inconsistent, 
and did not reveal a clear trend.

According to studies on the causation hypothesis, 
higher effect sizes were evident when the height and 
weight of participants was actually measured instead of 
using a self-report (OR 1.48, 95%  CI 1.04 to 2.10; RR 
1.73, 95% CI 1.46 to 2.06), when the observation period 
exceeded 10 years (OR 1.59, 95% CI 1.11 to 2.27), and 
when the study quality was assessed as high (OR 1.40, 
95%  CI 1.06 to 1.83; RR 1.88, 95%  CI 0.95 to 3.74). 
Subgroup analyses for gender could not be performed 
for studies analysing causation since gender-specific 
results were not documented.

In terms of the reverse causality hypothesis, the 
subgroup analysis of gender showed that the relation 
between obesity and subsequent income was more 
pronounced among women (SMD −0.16, 95% CI −0.30 
to 0.02) than men (SMD −0.07, 95% CI −0.16 to 0.01). 
Similar to the studies on causation, it was shown that a 
longer observation period (>10 years) was associated with 
an effect size increase (SMD −0.52, 95% CI −0.62 to 0.41). 
The same pattern was found in the rating of higher study 
quality (SMD −0.52, 95% CI −0.62 to 0.41).

Heterogeneity between studies
With reference to figures 2 and 3, degrees of heteroge-
neity were relatively high in both meta-analyses that tested 
the causation hypothesis (I2=89.9% and 83.1%) and 
studies that referred to reverse causality between income 
and obesity (I2=98.5%). This furthermore indicates that 
the observed variance between studies is more likely to 
occur due to heterogeneity than chance alone (figures 1 
and 2). High degrees of heterogeneity were also observed 
within most subgroup analyses (table 2).

Discussion
Main findings
The results of this review revealed statistically significant 
effects of income on obesity (social causation) as well as of 
obesity on income (reverse causality). Therefore, individ-
uals exposed to lower income are more likely to develop 
obesity, and the obese have lower wages when compared 
with their non-obese counterparts. However, after adjust-
ments for publication bias, only the reverse causality 
hypothesis remained significant, whereas the meta-ana-
lytical association between lower income and subsequent 
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risk of obesity vanished and became inconclusive. These 
findings indicate that studies testing the social causation 
hypothesis are more likely to remain unpublished if they 
contain negative results. In order to explain why this 
especially applies to studies testing the causation hypoth-
esis, we assume that it is difficult to publish negative 
results, since the relation between income and the risk 
of subsequent obesity has been well established in social 
epidemiological and public health research. In contrast, 
evidence for reverse causality is relatively scarce for the 
relation between obesity and income, which may explain 
the higher chances to get negative results published in 
this field. Though the overall effect size for the social 
causation perspective became statistically insignificant 
after the imputation of studies, it is still noteworthy that 
there were some studies that found statistically significant 
associations, even after adjusting for a range of covariates 
(table 1).

According to the sensitivity analyses, it was shown that 
reverse causality was more pronounced among women 
than among men. To explain these differences, Mason, 
for instance, suggests that obese women are confronted 
with disadvantages that derive from the stigmatisation 
of fatness, and  additionally face higher expectations to 
perform their gender properly.37 According the culti-
vation theory of the social sciences, there is a stronger 
idealisation of thin women, which may help to explain 
why there is a stricter weight penalty for women than 
for men.38 With regards to the ascertainment of obesity 
in studies, sensitivity analyses revealed that effects of 
social causation were stronger when height and weight 
of respondents were actually measured rather than 
based on self-reports. Similar to results from nutritional 
studies, where a gender-specific social desirability bias was 
evident in self-reports of dietary intake,39 a comparable 
bias in height and weight reports can be suspected for 
our results. Therefore, as actual measurements can be 
considered as less biased, if compared with self-reports, 
it can be assumed that the overall effect of income on 
obesity is underestimated when self-reported measures 
are used. All studies investigating reverse causality were 
based on self-reported measures. As effect sizes were 
generally stronger in studies with higher quality scores 
(if compared with studies with a medium or low rating, 
regardless of causation or reverse causality), the overall 
effects can be expected to be somewhat stronger than 
indicated through the meta-analytic results.

Limitations
Some methodological issues should be considered when 
interpreting the findings of this meta-analysis. First, the risk 
for missing out other relevant articles remains. Second, all 
included studies have their origin in western societies, most 
in the USA. Therefore, the evidence is restricted to a few 
countries, leaving out the possibility that the relationship 
between income and obesity plays out differently in other 
regions of the world. Third, and though only studies were 
included that examined the relation between income and 
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Figure 2  Pooled estimates of studies testing the causation hypothesis. RE, random effects.

Figure 3  Pooled estimates of studies testing the reverse causality hypothesis. RE, random effect; SMD, Standardised mean 
difference.

obesity longitudinally (thus enabling to carve out the direc-
tion of the respective influence), the question of causality 
cannot be fully answered due to two main reasons. On the 
one hand, the methodological issue remains that (cohort) 

studies are not able to adjust for transitions between the 
individual income status as well as the obesity status that 
take place between the baseline and the follow-up survey. 
Thus, the results of longitudinal observational studies 
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Table 2  Sensitivity analyses

Social causation hypothesis Reverse causality hypothesis

n OR (CI), I2 n RR (CI), I2 n SMD (CI), I2

Overall 10 1.27 (1.10 to 1.47), 90% 4 1.52 (1.08 to 2.13), 83% 7 −0.15 (−0.30 to 0.01), 98%

Study region 

 � USA 8 1.22 (1.06 to 1.40), 88% 2 1.65 (0.65 to 4.17), 85% 6 −0.19 (−0.34 to 0.03), 97%

 � UK 1 1.19 (0.97 to 1.45), NA 2 1.68 (1.40 to 2.01), 0% – – 

 � Canada 1 3.04 (1.69 to 5.47), NA – – 1 0.04 (0.01 to 0.07), NA

Population 

 � Children 8 1.33 (1.08 to 1.64), 93% 3 1.73 (1.46 to 2.06), 0% – – 

 � Adolescents 1 1.25 (0.98 to 1.59), NA 1 1.09 (0.95 to 1.25), NA – – 

 � Adults 1 1.15 (1.06 to 1.25), NA – – 7 −0.15 (−0.30 to 0.01), 98%

Obesity 

 � Self-report 5 1.20 (1.03 to 1.41), 88% 1 1.09 (0.95 to 1.25), NA 7 −0.15 (−0.30 to 0.01), 98%

 � Measured 5 1.48 (1.04 to 2.10), 84% 3 1.73 (1.46 to 2.06), 0% – – 

Gender 

 � Male – – – – 6 −0.07 (−0.16 to 0.01), 90%

 � Female – – – – 7 −0.16 (−0.30 to 0.02), 93%

Observation 

 � <5 years 3 1.15 (1.07 to 1.25), 0% 1 1.74 (1.43 to 2.12), NA 1 −0.06 (−0.10 to 0.01), NA

 � 5–10 years 2 1.11 (0.98 to 1.25), 30% 2 1.88 (0.95 to 3.74), 63% 5 −0.10 (−0.22 to 0.02), 97%

 � >10 years 5 1.59 (1.11 to 2.27), 88% 1 1.09 (0.95 to 1.25), NA 1 −0.52 (−0.62 to 0.41), NA

Study quality 

 � Low 3 1.09 (1.00 to 1.18), 57% 1 1.09 (0.95 to 1.25), NA 1 −0.06 (−0.10 to 0.01), NA

 � Medium 5 1.47 (1.04 to 2.08), 90% 1 1.74 (1.43 to 2.12), NA 5 −0.10 (−0.22 to 0.02), 97%

 � High 2 1.40 (1.06 to 1.83), 40% 2 1.88 (0.95 to 3.74), 63% 1 −0.52 (−0.62 to 0.41), NA

n, number of studies; NA, not available; RR, risk ratios; SMD, standardised mean difference.

should be regarded as a mere tendency, and must be inter-
preted with caution. On the other hand, there is reason 
to believe that processes of social causation are not simply 
replaced by reverse causality during the life course, but 
rather coexist in one’s biography. As noted above, it can 
be assumed that causation processes and reverse causality 
rather augment than neutralise each other, so that the link 
between income and obesity is likely to follow a bidirec-
tional relationship. Fourth, a further limitation of studies 
testing the causation hypothesis is the heterogeneity of 
the low-income control groups. In this regard, the refer-
ence groups varied substantially, which limits the compa-
rability between different income measures. In terms of 
studies testing the reverse causality, comparability was not 
as problematic as all studies referred to a non-obese refer-
ence that was defined by a BMI lower than 30. Fifth, and 
even though the subgroup analyses revealed a few factors 
that may moderate the relationship between income and 
obesity, results for the reverse causality hypothesis were 
mostly based on the same subgroups. Finally, the capacity of 
Egger’s regression test to detect publication bias depends 
on the number of included studies.32 Therefore, there is a 
clear lack of statistical power in Egger’s regression test of 

studies that used RRs (n=4), which has to be viewed as a 
further limitation of this study. In addition, the trim-and-
fill method of these studies led to a substantially decreased 
and statistically insignificant effect size (adjusted RR 1.10, 
95% CI 0.90 to 1.34), further implying the inconsistencies 
of results testing the causation hypothesis.

Future research
By taking these limitations into account, future studies 
should aim at investigating the relation between income 
and obesity outside of western societies. An extended 
view on the association in other countries could aid in 
detecting cultural influences that frame the magni-
tude of both causation processes and reverse causality 
between income and obesity. Moreover, and in order to 
clarify potential bidirectional effects between income and 
obesity, future research should investigate the interaction 
between causation processes and reverse causality in a 
single cohort over the life course. Finally, future studies 
could focus on detecting other factors that may influ-
ence the relation between income and obesity for both 
hypotheses.
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Conclusions
This review was performed to give an overview of causation 
processes in the link between income and obesity, while 
also investigating a reverse causality between these two 
variables. Meta-analyses revealed significant links between 
lower income and the risk of obesity as well as obesity 
and subsequent income (reverse causality hypothesis). 
However, after adjusting for publication bias, the relation 
between lower income and the risk of subsequent obesity 
vanished, indicating a higher likelihood of unpublished 
studies due to negative findings. In contrast, results from 
studies testing the reverse causality perspective remained 
consistent even after adjusting for potential publication 
bias. Therefore, a stronger consideration of potential 
reverse causality is needed to address income-related 
inequalities in obesity.
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