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ABSTRACT

Non-Hodgkin lymphoma is a heterogeneous group of lympho-proliferative disorders. 
We performed a meta-analysis to summarize the available evidence from case-control 
studies and cohort study on the inconsistent association between occupational sun 
exposure and the risk of non-Hodgkin lymphoma. We searched PubMed, ISI web of 
science, the Cochrane Library, EMBASE and reference lists for relevant articles. Study 
specific odds ratios or relative risk and 95% confidence intervals were pooled by using 
fixed-effects or random-effects models. Ten case-control studies and one cohort study 
were included in the meta-analysis. Overall, the pooled odds ratios for occupational 
ultraviolet exposure and non-Hodgkin lymphoma risk was 1.15(95% confidence intervals: 
0.99, 1.32; I2 = 44.4%). Occupational sun exposure was positively associated with the risk 
of NHL 1.14 (95% confidence intervals: 1.05, 1.23; I2=25.4% p for heterogeneity =0.202) 
in Caucasian population. Common subtypes of non-Hodgkin lymphoma and ultraviolet 
exposure had the negative results. The pooled odds ratios was 1.16, (95%confidence 
intervals: 0.90, 1.50) for T-cell non-Hodgkin lymphoma; 0.79, (95%confidence intervals: 
0.61, 1.02) for B-cell non-Hodgkin lymphoma; 1.13, (95%confidence intervals: 0.96, 
1.34) for chronic lymphocytic leukemia; 1.25, (95%confidence intervals: 0.95, 1.64) 
for males; 1.49, (95%confidence intervals: 0.99, 2.25) for females. Data suggested 
that occupational ultraviolet exposure was a risk factor for non-Hodgkin lymphoma 
in Caucasian population. While, there had no relationship between occupational 
ultraviolet exposure and risk of non-Hodgkin lymphoma in general population as well 
as non-Hodgkin lymphoma common subtypes. Besides, gender specific occupational sun 
exposure also indicated no association on risk of non-Hodgkin lymphoma.

INTRODUCTION

Non-Hodgkin lymphoma (NHL) is a heterogeneous 
group of lympho-proliferative disorders [1]. As statistic data 
showed, NHL is the sixth most common cancer in the United 

States and in the United Kingdom [2, 3], and is estimated to 
be the tenth most common cancer worldwide [3].

The incidence of NHL increased dramatically 
between 1970 and 1995 .This remarkable rise suggests 
a major role for environmental factors in the etiology 
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of NHL, thus the hypothesis that solar ultraviolet(UV) 
radiation may explain this trend emerged in 1992 [4].

As the increasing incidence of NHL mounting studies 
associated with the relationship between sun exposure and 
risk of NHL were carried out in westernized countries. But 
the results have been inconsistent. We therefore undertook 
a meta-analysis of case-control and cohort studies to 
quantitatively assess the relationship between occupational 
sun exposure and risk of NHL and common NHL subtypes.

RESULTS

Literature search

Our systematic literature search details were shown 
in (Figure 1) based on search strategy and inclusion criteria. 
We identified 1034 abstracts from PubMed, ISI Web 
of Science, the Cochrane Library and EMBASE. After 
removing duplication 940 abstracts were remained. Of these 
940 abstracts, 907 were excluded after screening titles and 
abstracts. The remaining 33 of them were extracted for further 
assessment. Twenty-two articles were excluded after full-test 
review. Fifteen articles were excluded because they did not 
investigate the association between sun exposure and NHL 
risk [5-19], five was insufficient information [20-24], and two 
was the duplicate report on the same study population [25, 
26]. Thus, ten case-control studies [27-35, 37] and one cohort 
study [36] were eligible for our meta-analysis.

Study characteristics

The characteristics of the 11 eligible studies were 
summarized in (Table 1). All studies were published 
between 1997 and 2012. Overall, the studies included 
8829 NHL patients out of 336,557 participants. Of the 11 
independent studies, ten were case-control studies [27-35, 
37] and one was cohort study [36]. Two studies (one case-
control and one cohort study) were conducted in Sweden 
[27, 36], two in Australia (two case-control studies) [28, 
31], two multi-countries study in Europe (two case-
control studies) [34, 37] one each in Italy [30], Sweden 
and Denmark [29], Germany [32], USA [33], and one in 
Singapore with Asian population [35].

One study included only women [33] and one study 
included only men [36], while the rest of the studies did not 
specify with gender. One study reported the Asian population 
[35], while the rest of studies focused on Caucasian 
population. Nine studies reported results for all types of NHL 
patients, while two studies only included specific types of 
NHL. The Sweden study included only hairy cell leukemia 
cases [27]. One European study included only mycosis 
fungoides cases [37]. The control source of eight studies 
were population based [27-29, 31-33, 36, 37], two studies 
were hospital based [30, 35], while one study included both 
population control and hospital based control source [34]. 
Six studies’ data collection method was in-face interview 
[30, 32-35, 37], while four studies’ data collection method 

was though self-administered questionnaire and followed by 
a telephone interview [27-29, 31]. One study used population 
occupational health service program data [36].

The age of participants were all aged 17 and above. 
The exposure odds ratios (ORs)/relative risk (RRs) 
of NHL, the adjustments made for confounding and 
occupational history assessment were shown in Table 2.

Association between occupational sun exposure 
and risk of NHL

In the meta-analysis, the summary estimated 
for occupational sun exposure showed no statistical 
association between occupational sun exposure and risk 
of NHL 1.15(95%CI: 0.99, 1.32; I2=44.4%). (Figure 2) 
Among the 11 enrolled studies, three studies showed 
positive relationship between occupational sun exposure 
and the risk of NHL [27, 29, 33]. The ORs differ from 
0.75(95%CI: 0.55, 1.03) to 2.30(95%CI: 0.96, 6.20). 
There was a moderate heterogeneity among these studies 
(I2=44.4%, p for heterogeneity =0.048), therefore we used 
the random-effect model to calculate the summary OR.

Ten studies reported the Caucasian population. 
Occupational sun exposure was positively associated with 
the risk of NHL 1.14 (95%CI: 1.05, 1.23; I2=25.4% p for 
heterogeneity =0.202). No heterogeneity was observed, 
thus fixed-effect model was provided. (Figure 3)

Our results for occupational sun exposure did not display 
an association in risk for common NHL subtypes. The results 
of T-cell NHL (ORs: 1.16; 95%CI: 0.90, 1.50) and B-cell NHL 
(ORs: 0.79; 95%CI: 0.61, 1.02) analyses were presented in 
Figure 4A and Figure 4B. There are no association in Chronic 
Lymphocytic Leukemia (CLL) either. The summary ORs for 
CLL was 1.13 (0.96, 1.34) (Figure 4C).

Gender specific information on occupational sun 
exposure and risk of NHL was available in three studies 
[28, 33, 36]. The pooled ORs were 1.25 (95%CI: 0.95, 1.64) 
(Figure 5A) for males and 1.49 (95%CI: 0.99, 2.25) (Figure 
5B) for females. We observed no heterogeneity, so fixed-
effect model was provided.

Publication bias and sensitivity analyses

In order to evaluate the impact of potential publication 
bias, we applied the Begg’s test (p=0.37) and Egger’s 
test (p=0.37) for the association between occupational 
sun exposure and the risk of NHL. The results indicated 
no publication bias among these studies. In addition, no 
publication bias was detected for the positive association 
between occupational sun exposure and the risk of NHL 
in Caucasian population, either (Begg’s test: p=0.53; 
Egger’s test: p=0.14). To investigate heterogeneity in our 
meta-analysis, we evaluated sensitivity analysis within the 
studies. Eleven studies which included in our meta-analysis 
were the relationship between occupational sun exposure 
and risk of NHL, two studies were focused on specific 



Oncotarget62360www.impactjournals.com/oncotarget

types of NHL [27, 37], so we conducted a sensitivity 
analysis restricted to those nine studies. Results did not 
change when the aforementioned studies were included or 
excluded. The pooled OR was 1.09 (95%CI: 0.97, 1.23) 
with a significant decreased heterogeneity among these nine 
studies (I2=25.1%, p for heterogeneity =0.21 (Figure 6A). 
The result was consistently to the overall pooled OR, which 
suggested our study was reliable.

Data collection method from six studies were 
in person interview [30, 32-35, 37], four studies were 
though self-administered questionnaire and followed by a 
telephone interview [27-29, 31], and one study was used 
the data files from nationwide occupational health service 
organization [36]. We conducted a sensitivity analysis 
restricted to six in person interview studies [30, 32-35, 
37].Results of pooled OR was similar 1.03(95%CI: 0.81, 
1.30) (Figure 6B). There were almost no heterogeneity 
among studies (I2=40.2%, p for heterogeneity =0.12).

We applied sensitivity analysis on our positive results 
among Caucasian population. The pooled estimate did not vary 
substantially with the exclusion of any single study (Figure 7).

DISCUSSION

Our meta-analysis of 11 included case-control and 
cohort studies indicated that occupational ultraviolet 
exposure was a risk factor for NHL in Caucasian 
population. However, there is no association between 
occupational sun exposure and risk of NHL in general 
population as well as common NHL subtypes. In addition, 
gender specific study did not show any association either. 
Most studies included in our meta-analysis showed no 
association between occupational sun exposure and risk 
of NHL except for Nordstorm et al (OR: 2.2, 95%CI: 
1.2-3.8) [27] and Zhang et al (OR: 1.8, 95%CI: 1.0-3.4) 
[33]. Those two studies reported occupational ultraviolet 

Figure 1: Flowchart of selection of studies for inclusion in the meta-analysis.
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Table 1: Study features of 11 included studies

Reference Study type Location Study 
period

Age 
range

Case (participation)/
control (participation)

Type of 
source

Assessment of 
measures

Nordstrom 1997 
[27]

Case-
control

Sweden 1987-1992 --- 121(--)/484(--) National 
population 
registry

Mailed 
questionnaire;
telephone 
interview

Hughes 2004 [28] Case-
control

Australia 2000-2001 20-74 704(85%)/694(61%) Electoral 
rolls

Self-
administered 
questionnaire; 
telephone 
interview

Smedby 2005 [29] Case-
control

Denmark 
and 
Sweden

1999-2002 18-74 3055(81%)/3187(71%) Population Telephone 
interview

Morales 2006 [37] Case-
control

Europe 1995-1997 35-69 76(91.6%)/2094(--) Population 
registries 
or electoral 
rolls

Face-to-face 
interview

Tavani 2006 [30] Case-
control

Northern 
Italy

1985-1997 18-79 446(>97%)/1295(>97%) Patients 
hospitalized 
with other 
conditions

Personal 
interview

Karipidis 2007 
[31]

Case-
control

Australia 2000-2001 20-74 694(85%)/694(61%) Population, 
electoral 
rolls

Self-
administered 
questionnaire; 
telephone 
interview

Weihkopf 2007 
[32]

Case-
control

Germany 18-80 589(87.4%)/589(51.4%) Population 
registers

Face-to-face 
interview

Zhang 2007 [33] Case-
control

USA 1996-2000 21-84 601(72%)/706(--) Population In person 
interview

Boffetta 2008 [34] Case-
control

Europe 1998-2003 >17 1518(88%)/2124(81% in 
hospital controls, 52% in 
population controls)

Population 
registers; 
Patients 
hospitalized 
with other 
conditions

In person 
interview

Wong 2012 [35] Case-
control

Singapore 2004-2008 >18 541(--)/830(--) Patients 
hospitalized 
with other 
conditions

Face-to-face 
interview

Reference Study type Location Follow-up 
years

Case/cohort Cohort source Assessment of 
measures

Hakansson 
2001 [36]

Cohort Sweden 1971-1993 484/323860 Nationwide 
occupational health 
service program 
of the Swedish 
construction industry

Used data files 
from nationwide 
occupational health 
service organization
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Table 2: Adjustments and occupational history assessment reported by single study in this meta-analysis
Reference Study type OR (95% CI) Adjustments Occupational history assessment

Nordstrom 1997 
[27]

Case-control HCL 2.2 (1.2-3.8) Age, sex and country All occupations lasting longer than 1 year 
were classified according to the Nordic 
Working Classification System (NYK) 
1989.

Hughes 2004 
[28]

Case-control NHL 1.21 
(0.87-1.69) Men 
1.20 (0.81-1.78) 
Women 1.27 
(0.73-2.23)

Age, sex, state of 
residence, ethnicity, 
skin color and ability 
to tan

Hours of occupational sun exposure. For 
each job recorded in the calendar, data were 
collected about the number of days worked 
per week, hours worked per day and hours 
worked outdoors per day. Occupational hours 
of exposure were totalled for 50 weeks a 
year, assuming 2 weeks for vacations and 
sick leave

Smedby 2005 
[29]

Case-control NHL 1.1 (1.0-1.2) 
CLL 1.1 (0.9-
1.3) DLBCL 1.2 
(1.0-1.4) FL 0.7 
(0.5-0.9) T-NHL 
1.2 (0.9-1.7)

Age, sex, country 
and skin reaction to 
sun

A standardized and computer-aided 
questionnaire, outdoor occupation lasting 1 
year or more (ever/never)

Morales 2006 
[37]

Case-control MF 2.3 (0.9-6.2) Age, sex, region, 
exposure to aromatic 
halogenated 
hydrocarbons

A structured questionnaire. The type of 
occupation and industry was asked for 
each job, including the year the job started 
and ended. Recorded work tasks, job title, 
and working hours per week for each 
occupational period. The specific nature 
of the work also was addressed, such as 
machines or products used, duration of 
their use (hours per week), and dates of job 
tenure.

Tavani 2006 [30] Case-control NHL 0.96 (0.66-
1.40)

Age, sex, area of 
residence , education 
and smoking

A structured questionnaire, study 
participants were asked whether they had 
been exposed to UV radiation at work and 
for how long

Karipidis 2007 
[31]

Case-control NHL 1.32 (0.96-
1.81)

Age, sex, region of 
residence, ethnic 
origin

The questionnaire included a lifetime 
calendar that was used to obtain a detailed 
occupational history from each subject, 
including information about job title, 
employer, industry, start and finish years, 
number of hours worked per day and number 
of days worked per week

Weihkopf 2007 
[32]

Case-control T-NHL 0.9 (0.3-
3.5) B-NHL 0.9 
(0.6-1.4)

Age, sex, region, 
smoking (packyears) 
and alcohol 
consumption

A complete occupational history, including 
every occupational period that lasted at 
least 1 year. For every job held, information 
was obtained about the start and the end of 
the job phase, about job title, industry and 
specific job tasks. Study subjects having held 
potentially hazardous jobs were additionally 
asked to reply to job task-specific 
supplementary questions.

(continued)
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exposure increased the risk of NHL. InterLymph 
organization systematically analyzed ten studies about 
occupational UV exposure and NHL incidence in 2008, 
results were consistent with our main meta-analysis [38].

Our main findings showed no association between 
occupational ultraviolet exposure and NHL risk. When 
we omitted the study of Asian population our results are 
positively correlated. Hughes et al reported the pigmentary 
characteristics and NHL risk. In this study, it categorized the 
six ethnicity groups including Asian. They have found that 
the very fair skin compared to brown or olive skin had 44% 
increased risk of NHL [25]. Interestingly, the Singapore 
study was not only the Asian population study but also the 
only low latitudes study [35]. Several studies have yielded 

the same results. Reduced risk or no effect were found in 
mid latitudes or low latitudes [28, 38], while increased 
risk was found at higher latitudes [26, 39-41]. Grant WB 
proposes that UVA is a risk factor through impairing the 
immune system, while UVB is a protection factor through 
vitamin D production [42]. The ratio of UVA/UVB 
increases while latitude increases. Thus, the pooled result 
of our higher latitude Caucasian population studies showed 
that occupational UV exposure was a risk factor for NHL.

Many of the studies which included in this meta-
analysis reported that there is no relationship between 
occupational UV exposure and NHL risk, however at 
the same time, reported the daily, casual UV exposure 
is a protective factor for NHL [28, 29, 32, 34, 35]. This 

Reference Study type OR (95% CI) Adjustments Occupational history assessment

Zhang 2007 [33] Case-control NHL WOMEN 
1.8 (1.0-3.4)

Age, race, family 
history of NHL, 
highest educational 
level, eye color and 
skin type

A standardized, structured questionnaire. 
For the history of occupational exposure to 
ultraviolet radiation, subjects were asked to 
provide all job titles and main duties that they 
had for 1 year or longer before diagnosis (for 
cases) or interview (for controls). Each job 
title was designated as indoor (purely indoor 
or mixed type) or outdoor. If an individual 
had both indoor and outdoor jobs, she was 
assigned to the outdoor job category.

Boffetta 2008 
[34] Case-control

NHL 1.08 
(0.74-1.56) CLL 
1.36 (0.86-2.14) 
DLBCL 0.69 
(0.42-1.15) FL 
0.57 (0.31-1.06) 
T-NHL 1.14 (0.59-
2.21)

Age, sex, study 
area, education, skin 
reaction to sun and 
questionnaire type

Information on occupation was collected 
at interview for each job held for at least 1 
year in a general questionnaire and in 14 
questionnaires specific to jobs and industries 
likely to entail exposure to suspected 
lymphoma carcinogens (dry cleaners, farmers 
or gardeners, textile workers, meat workers 
or slaughterers, chemical industry workers, 
painters, hairdressers, wood workers, 
printers, leather or tannery workers, teachers 
or others working with children, metal 
degreasers, health professionals and grain 
millers or bakers).

Wong 2012 [35] Case-control

NHL 0.75 (0.55-
1.03) B-NHL 
0.73 (0.53-1.02) 
T-NHL 1.10 (0.55-
2.21)

Age, sex, study 
center , month of 
diagnosis, race, 
education, housing 
type, BMI, history of 
any cancer in the first 
degree relatives

Participants were defined as outdoor workers 
if they had spent at least 30 min working 
outside under sun (between 9 am and 5 pm) 
in any of the jobs that lasted 1 year or more. 
Categorized participants into ‘‘indoor work 
only’’ workers, and those who spent all or 
part of their working hours outdoors ‘‘mixed 
indoor ± outdoor’’ workers.

Hakansson 2001 
[36] Cohort NHL Men 1.3 

(0.9-1.9)

Age, smoking, 
and magnetic field 

exposure

The occupational exposure to sunlight 
from outdoor work was assessed by an 

experienced industrial hygienist from the 
construction industry (N. Hallin). The 

hygienist classified the sunlight exposure 
for the job tasks into four categories with 

exposure scores 0, 1, 2, and 3
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Figure 2: Forest plot and summary OR of the association between occupational sun exposure and risk of NHL.

Figure 3: Forest plot and summary OR for Caucasian population of occupational sun exposure and risk of NHL.
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result was consistent with InterLymph Organization2008 
analysis [43]. One possible explanation is that most studies 
would have attributed any time duration occupational 
UV exposure cases into exposure group, while for the 
individual, it may be exposed to a period of time, rather 
than continuous exposure [28, 35, 43]. In addition, farmers 
often categorized into occupational UV exposure group, 
but some of these people at the same time contacting 

potential risk factors NHL such as pesticides, alkylation, 
etc [30, 36]. For example, Smedy et al published that Ever 
having an outdoor occupation for 1 year or more was 
associated with a slightly increased risk of non-Hodgkin 
lymphoma (OR = 1.2, 95% CI = 1.0 to 1.3), but this 
association was weakened (OR = 1.1, 95% CI = 1.0 to 1.2, 
) after additional adjustment for occupational exposure to 
pesticides [29].

Figure 4: Forest plot and summary OR of T-cell NHL (A), B-cell NHL (B) and CLL (C).

Figure 5: Forest plot and summary OR of male (A) and female (B).
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As with any meta-analysis of observational studies, 
our study has limitations.

First, moderate heterogeneity was found across our 
main analysis, which can be explained by the multiple 
differences between studies with regard to the study 
designs, sample sizes, analysis strategies, participants’ 
baseline characteristics, adjustments for confounders and 
occupational history assessment methods. For example, 

the control source of eight studies were population based 
[27-29, 31-33, 36, 37], and two studies were hospital based 
[30, 35], while one study included both population control 
and hospital based control source [34]. Sample sizes 
were different from eleven studies included in this meta-
analysis. Two studies had relatively small numbers of 
participants and specific NHL types [27, 37], which raised 
some concerns regarding the reliability of their results. 

Figure 6: Sensitivity analysis of forest plot and summary OR of nine studies (A) and face to face interview studies (B).

Figure 7: Sensitivity analysis for Caucasian population of occupational sun exposure and risk of NHL.
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Thus, we used the random-effects model to determine the 
overall estimate of variability.

Secondly, half of the studies in this meta-analysis 
relied on self-administered questionnaire, while anther 
half studies gathered information from interview. The 
participants may have different attitudes and different 
understanding towards questions under different methods. 
Besides, the total occupational sun exposure hours are 
varies across studies and participants. Finally, in a meta-
analysis of published studies, the potential publication 
bias might influence the results, because studies with 
null results tend not to be published. Nevertheless, our 
publication bias test showed no possible bias.

In summary, our meta-analysis suggested that 
occupational UV exposure was a risk factor for NHL in 
Caucasian population. While, there had no relationship 
between occupational ultraviolet exposure and risk of 
NHL as well as NHL common subtypes. Besides, gender 
specific occupational sun exposure also indicated no 
association on risk of NHL.

MATERIALS AND METHODS

Literature search

We reported this article in accordance with MOOSE 
(meta-analysis of observational studies in epidemiology) 
guidelines [44]. We systematically searched four databases: 
PubMed, ISI web of science, the Cochrane Library and 
EMBASE for studies published in any languages (up 
to 2016, August 17th) using the following search items: 
ultraviolet radiation, ultraviolet ray, ultraviolet light, 
sunlight exposure or solar ultraviolet exposure combined 
with non-Hodgkin lymphoma or lymphoid malignancies. 
The search was restricted to studies of human participants. 
We also have reviewed the reference lists of all pertinent 
articles to search for more studies.

Inclusion criteria

To be included in this meta-analysis, studies had 
to have met the following criteria: (1) NHL cases were 
medically confirmed by histopathology diagnoses; (2) the 
study was designed as case-control or cohort study; (3) the 
occupational sunlight exposure and incidence of NHL were 
associated; (4) detailed data of odds ratios (ORs) or relative 
risks (RRs) with 95% confidence interval (CI); (5) All the 
cases were adult (age≥17 years old). We did not include 
the studies that only report the death rate of NHL without 
incidence rate. When there were multiple published reports 
from the same study population, the most recent or the most 
informative report was selected for analysis.

Data extraction

We extracted the following information from each 
study: authors’ name, year of publication, study type, 

study location, sample size (numbers of case patients 
and control subjects), study period, participation’s age, 
type of control source, assessment of data collection, and 
statistical covariates adjustment in the analysis. ORs or 
RRs with corresponding 95%CIs for each study were 
either extracted directly from the article or calculated from 
available raw data.

Statistical analysis

To pool the results of individual studies together, we 
used a general variance-based method in the meta-analysis. 
The multivariate adjusted ORs and 95% CIs presented in 
the literature were used. In situations where the incidence 
is low, the odds ratio approximates the relative risk, 
therefore, in looking at studies of NHL (a rare condition), 
it is acceptable to compare OR and RR estimates [45]. The 
outcomes are presented as a forest plot with 95% CIs.

Statistical heterogeneity among studies was tested 
with the Q statistic, and statistical inconsistency was 
quantified with the I2 statistic [46]. When I2 was from 0% 
to 40% along with p >0.10 the heterogeneity might not be 
important. If the meta-analysis has no heterogeneity, fixed-
effects model with the Mantel-Haeszel method would be 
used to combine the individual studies [47], otherwise, the 
random-effects method (DerSimonian 1986) was used for 
pooling [48].

There were two studies focused only on specific 
types of NHL [27, 37]. We further conducted a sensitivity 
analysis restricted to the rest nine studies to evaluate the 
stability of the pooled estimates between occupational sun 
exposure and risk of NHL.

The Egger’s test and Begg’s test were used to assess 
for publication bias [49, 50]. P<0.05 was considered 
statistically significant publication bias. All statistical 
analyses was performed by using STATA (version 11.0; 
StataCorp, College Station, TX).
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