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Table 1. Weight of evidence methods and findings. 
 
Coding for  Individual Study Weight of Evidence (WOE) Approach: As suggested by Weed (2005), 
combine toxicology’s quality criteria (Klimisch 1997) with epidemiology’s causal criteria (Hill 
1965), and describe the method specific to the research question. Assess WOE by causal 
interpretation domains modeled after Kundi (2006), i.e., 1.) Association, 2.) Environmental 
equivalence of exposed and unexposed populations, 3.) Population equivalence with regard to 
disease risk factors, 4.) Potential biases. Of note, codes denote WOE regarding answering the 
research question, and as different studies aimed to answer different research questions, do not 
represent overall quality of study determinations. Rationale for specific coding presented when 
within study codes varied or when codes less than “B” indicated. 
 
General method for WOE coding: 
a. Coding scores, below, were modeled after Categories of Reliability of toxicology data described 
by   Klimisch (1997):  
A=(reliable without restriction)  
B=(reliable with restriction) 
C=(not reliable) 
D=(not assignable; STROBE criteria (Vandenbroucke 2007) for reporting not sufficiently met) 
 
b. Assign points to each item in each causal interpretation domain as follows: 
A=3 points; B=2 points; C=1 point; D=0 points. 
Sum # points across items within each causal interpretation domain; divide by total # items within 
that domain and, if greater than two items within a domain, round (up from .5 or down from .4) to 
assign overall points; if only two items within a domain, indicate both, i.e., A/B or B/C or C/D. 
 
Method for WOE coding by causal domain:  
 

1. Causal Interpretation Domain 1: Association 
a. Temporality:  

i. A=UCd measured before or concurrently with BP - AND – BCd measured 
concurrently with BP;  

ii. B=UCd (prospectively or concurrently with BP) -OR- BCd (concurrently with 
BP);  

iii. C=other timing of exposure relative to outcome;  
iv. D=not addressed or not otherwise assignable [STROBE criteria 4,7 not 

sufficiently met] 
 

b. Strength of association in light of confounding: 
i. A=smoking-stratified, specifies never-smokers;  
ii. B=smoking-stratified, without specification of never-smokers; or smoking adjusted, with 

specification of never-smokers;  
iii. C=smoking-adjusted, without never-smoker category, or A or B with insufficient 

adjustment for age, sex, anti-hypertensive treatment;  
iv. D= not assignable [STROBE criteria 7, 12, 16, 17 not sufficiently met] 
 
c.        Statistics appropriate to study design 
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 i. A=cohort addresses loss to follow-up, or case-control specifies adequate matching method or 
statistical analysis, or cross-sectional study uses analytical methods to address sampling 
strategy;  
ii. B=study-specific statistical method partially addressed with explanation of limitations;  
iii. C=B without adequate explanation of limitations;  
iv. D=study-specific methodology not addressed [STROBE criteria 12, 19 not sufficiently met]  

 
d. Dose-response:  
i. A=both continuous and categorical variables used for both exposure and outcome;  
ii. B=one or the other with sufficient sample size and statistical treatment of non-detectable 

limits;  
iii. C=A or B without sufficient sample size or statistical treatment of non-detectable limits;  
iv. D=not addressed or not otherwise assignable [STROBE criteria 10, 11, 12, 13, 15 not 

sufficiently met] 
 
2. Domain 2: Environmental equivalence of exposed and unexposed populations: 
a. Smoking as a source of cadmium:  
i. A=smoking-stratified, specifies never-smokers;  

      ii.B=smoking-stratified, without specification of never-smokers; or smoking adjusted, with 
         specification of never-smokers;  

iii. C=smoking-adjusted, without never-smoker category;  
iv. D=not addressed or otherwise assignable [STROBE criteria 5, 6, 8, 14 not sufficiently met] 
 
b.  Setting:  
i. A=general population-representative sample (or complete sample);  
ii. B=other population-based sample equivalence; 
iii. C=mixed exposure settings or not population-based 
iv. D=not addressed or otherwise assignable [STROBE criteria 5, 6, 8, 14 not sufficiently met] 
 
3. Domain 3: Population equivalence of disease risk factors (Chobanian et al. 2003): 
a. Smoking as a risk factor for outcome: 
 i. A= smoking stratified, specifies never-smokers; 
 ii. B=smoking stratified, without specification of never-smokers; or smoking adjusted, with 
specification of never-smokers; 
 iii. C=smoking-adjusted, without never-smoker category; 
 iv. D=not addressed or otherwise assignable [STROBE criteria 12, 17, 19 not sufficiently met] 

 
b. Established disease risk factors and medical modifiers 
 i. A=adequate control for age, sex, and excludes subjects on anti-hypertensive medications; 
 ii. B= control for age, sex and anti-hypertensive medications; 
 iii. C=control for age, sex without control for anti-hypertensive medications or occupational 
exposure; 
 iv. D=not addressed or otherwise assignable [STROBE criteria 7, 12, 17, 19 not sufficiently 
met]  

 
4. Potential Biases  
a. exposure misclassification:  
i. A=24 hour urine cadmium and lab protocol described, i.e., AAS with background correction;  
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ii. B=spot urine cadmium, with dilution adjustment (either direct adjustment for creatinine or 
specific gravity or statistical adjustment for creatinine, or other acceptable adjustment), or blood 
cadmium; lab protocol, i.e., AAS with background correction described  
 iii. C=spot urine, not dilution-adjusted; or AAS without background correction, or otherwise 
not reliable 
iv. D=not addressed or otherwise assignable [STROBE criteria 8, 9 not sufficiently met]  
 
b. outcome misclassification: 
 i. A=24 hour ambulatory blood pressure; 
 ii. B=conventional blood pressure, average of at least 2 readings; 
 iii. C=conventional blood pressure, less than 2 measures  
iv. D=not addressed or otherwise assignable [STROBE criteria 8, 9 not sufficiently met]. 
 
c. observer bias: 
 i. A=protocols for BP measure described that address AHA Hypertension measurement in 
humans (Pickering et al. 2005), or WHO protocol (Rose and Blackburn 1968; Luepker 2004), or 
details provided regarding trained staff, positioning, subject factors, e.g., recent nicotine use, 
anxiety, and cuff-size 
ii. B=3 protocol requirements met, including appropriate cuff size; 
 iii. C=1-3 protocol requirements met, or more, but without cuff size; 
 iv. D= 0 protocol requirements or not addressed or otherwise assignable [STROBE criteria 8, 9 
not sufficiently met] 
 
d. responder bias: 
 i. A=Quantitatively and qualitatively address difference between responders and non-
responders; 
 ii. B=Address difference between responders and non-responders, with limitations, e.g, urban 
or rural, only; 
 iii. C=Address percent non-participants with no other information; 
 iv. D=not addressed or otherwise assignable [STROBE criteria 6, 9, 12, 13 not sufficiently met] 
 
e. generalizability:  
i. A=population-representative complex probability sample, or complete population-based 
sample; 
 ii. B=population-representative or population-based sample with limitations; 
 iii. C=population-based sample, selection bias or otherwise unique sample, e.g., exposed to 
industrial Cd-emissions; 
 iv. Not addressed or otherwise assignable [STROBE criteria 4, 6, 9, 13, 21 not sufficiently met] 
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Tellez-Plaza et al. 2008 
Causal Interpretation 
Domain 

Rationale and/or STROBE criteria for 
insufficient information 

WOE 
Code 

1. Association    

 a. temporality  A 

 b. strength  A 

 c. statistics-design  A 

 d. dose-response  A 

Domain 1 Quality Code  A 
2. Environmental 
Equivalence 

  

a. smoking subset 
 (exposure) 

 A 

 b. setting  A 

Domain 2 Quality Code  A 
3.  Population Equivalence   
a. smoking subset 
(disease risk) 

 A 

 b. other disease risk 
factors 

Adjusted but did not exclude those on 
Anti-hypertensive meds 

B 

Domain 3 Quality Code  A/B 
4. Potential Biases   
 a. exposure 
misclassification 

Spot urine samples, rather than 24 hour B 

 b. outcome 
misclassification  

Repeated BP measures, but not 24 hour 
Ambulatory blood pressure 

B 

 c. observer bias  A 

 d. responder bias Statistical methods addressed nonresponders 
But not qualitatively assessed 

B 

 e. generalisability/ 
selection bias 

 A 

Domain 4 Quality Code  B 
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Whittemore et al. 1991 
Causal Interpretation 
Domain 

Rationale and/or STROBE criteria for 
insufficient information 

WOE 
Code 

1. Association    

 a. temporality UCd but not BCd B 

 b. strength  A 

 c. statistics-design Limited # PSUs to select subjects w/ Cd 
Precluded unbiased variance estimates 

B 

 d. dose-response Cd detection limits not addressed C 

Domain 1 Quality Code  B 
2. Environmental 
Equivalence 

  

b. smoking subset 
 (exposure) 

 A 

 b. setting Cd measured in subjects from 9 states, but 
without weights, representativeness unclear 

B 

Domain 2 Quality Code  A/B 
3.  Population Equivalence   
b. smoking subset 
(disease risk) 

 A 

 b. other disease risk 
factors 

 A 

Domain 3 Quality Code  A 
4. Potential Biases   
 a. exposure 
misclassification 

Spot urine samples, rather than 24 hour B 

 b. outcome 
misclassification  

Repeated BP measures, but not 24 hour 
Ambulatory blood pressure 

B 

 c. observer bias  A 

 d. responder bias Sampling design precludes weighting for 
missing 

C 

 e. generalisability/ 
selection bias 

Limited due to lack of appropriate sample 
Weights and variance estimation 

B 

Domain 4 Quality Code  B 
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Satarug et al. 2005 
Causal Interpretation 
Domain 

Rationale and/or STROBE criteria for 
insufficient information 

WOE 
Code 

1. Association    

 a. temporality UCd but not BCd not used in multiple 
Regression analysis 

B 

 b. strength  A 

 c. statistics-design Sampling strategy not addressed 
STROBE 9,12 

D 

 d. dose-response Addressed non-detectable limits but not  
Sample size limits 

C 

Domain 1 Quality Code  B 
2. Environmental 
Equivalence 

  

c. smoking subset 
 (exposure) 

 A 

 b. setting Without randomization methods, do not 
know if population-based/representative 

C 

Domain 2 Quality Code  B 
3.  Population Equivalence   
c. smoking subset 
(disease risk) 

 A 

 b. other disease risk 
factors 

 A 

Domain 3 Quality Code  A 
4. Potential Biases   
 a. exposure 
misclassification 

3 hour urine samples, rather than 24 hour B 

 b. outcome 
misclassification  

# BP readings? STROBE 8, 9 C 

 c. observer bias BP by sphygmomanometer by well-trained 
physician, but no protocol  STROBE 8. 9 

C 

 d. responder bias Insufficient information 
STROBE 6, 9, 12, 13 

D 

 e. generalisability/ 
selection bias 

Insufficient information 
STROBE 4, 6, 9, 13, 21 

C 

Domain 4 Quality Code  C 
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Lin et al. 1995 
Causal Interpretation 
Domain 

Rationale and/or STROBE criteria for 
insufficient information 

WOE 
Code 

1. Association    

 a. temporality  A 

 b. strength  A 

 c. statistics-design Insufficient information 
STROBE 12 

C 

 d. dose-response Addressed non-detectable limits but not  
Sample size limits 

C 

Domain 1 Quality Code  B 
2. Environmental 
Equivalence 

  

d. smoking subset 
 (exposure) 

 A 

 b. setting Subjects lived near  district “highly contam- 
inated by industrial wastewater with Cd” 

C 

Domain 2 Quality Code  B 
3.  Population Equivalence   
d. smoking subset 
(disease risk) 

 A 

 b. other disease risk 
factors 

 A 

Domain 3 Quality Code  A 
4. Potential Biases   
 a. exposure 
misclassification 

 A 

 b. outcome 
misclassification  

Not 24 hour blood pressure B 

 c. observer bias Insufficient information 
STROBE 8, 9 

D 

 d. responder bias Insufficient information 
STROBE 6, 13 

D 

 e. generalisability/ 
selection bias 

Industrially exposed environment C 

Domain 4 Quality Code  C 
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Pizent et al. 2001 
Causal Interpretation 
Domain 

Rationale and/or STROBE criteria for 
insufficient information 

WOE 
Code 

1. Association    

 a. temporality BCd but not UCd assessed B 

 b. strength Non-smokers include former smokers 
So not never-smokers 

B 

 c. statistics-design Insufficient information 
STROBE 12, 19 

C 

 d. dose-response Addressed non-detectable limits but not  
Sample size limits 

C 

Domain 1 Quality Code  B 
2. Environmental 
Equivalence 

  

e. smoking subset 
 (exposure) 

Non-smokers includes former smokers 
So not never-smokers 

B 

 b. setting Selected based upon residing in either low 
Calcium intake or high calcium intake area 

B 

Domain 2 Quality Code  B 
3.  Population Equivalence   
e. smoking subset 
(disease risk) 

 A 

 b. other disease risk 
factors 

 A 

Domain 3 Quality Code  A 
4. Potential Biases   
 a. exposure 
misclassification 

Non-smokers include former smokers 
So not never-smokers 

 
B 

 b. outcome 
misclassification  

Does not indicate # BP measurements C 

 c. observer bias  A 

 d. responder bias Insufficient information 
STROBE 6, 9, 12, 13 

D 

 e. generalisability/ 
selection bias 

Insufficient information 
STROBE 4, 6, 9, 13, 21 

D 

Domain 4 Quality Code  C 
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Vivoli et al. 1989 
Causal Interpretation 
Domain 

Rationale and/or STROBE criteria for 
insufficient information 

WOE 
Code 

1. Association    

 a. temporality  A 

 b. strength  A 

 c. statistics-design  A 

 d. dose-response Sample size limitations C 

Domain 1 Quality Code  A 
2. Environmental 
Equivalence 

  

f. smoking subset 
 (exposure) 

 A 

 b. setting Bank employees from Modena, Italy 
Not population-based 

C 

Domain 2 Quality Code  B 
3.  Population Equivalence   
f. smoking subset 
(disease risk) 

 A 

 b. other disease risk 
factors 

 A 

Domain 3 Quality Code  A 
4. Potential Biases   
 a. exposure 
misclassification 

No mention of  Cd background correction  
C 

 b. outcome 
misclassification  

Not 24 hour ambulatory blood pressure B 

 c. observer bias Did not cite specific protocol or mention 
Blood pressure cuff size appropriateness 

C 

 d. responder bias Did not address non-responders 
STROBE 9. 13 

D 

 e. generalisability/ 
selection bias 

Subject selection not randomized 
Attended epidemiologic screening 

C 

Domain 4 Quality Code  C 
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Kurihara et al. 2004 
Causal Interpretation 
Domain 

Rationale and/or STROBE criteria for 
insufficient information 

WOE 
Code 

1. Association   

 a. temporality  A 

 b. strength Did not adjust for hypertension treatment C 

 c. statistics-design Insufficient information: STROBE criteria 
12, 19 

C 

 d. dose-response Did not address non-detectable limits C 

Domain 1 Quality Code  B 
2. Environmental 
Equivalence 

  

g. smoking subset 
 (exposure) 

Non-smokers do not exclude ex-smokers C 

 b. setting Insufficient objective criteria to designate 
setting as “non-polluted”: STROBE 5,6 

D 

Domain 2 Quality Code  C 
3.  Population Equivalence   
g. smoking subset 
(disease risk) 

Non-smokers do not exclude ex-smokers C 

 b. other disease risk 
factors 

No adjustment for antihypertensive 
medication use, but incorporated in outcome 

B 

Domain 3 Quality Code  B/C 
4. Potential Biases   
 a. exposure 
misclassification 

Spot urine not adjusted for dilution, and 
Zeeman correction not indicated 

C 

 b. outcome 
misclassification  

2 blood pressure readings B 

 c. observer bias 2 blood pressure protocol items, but cuff size 
and protocol not referenced 

C 

 d. responder bias Insufficient information: STROBE criteria 6, 
9, 12, 13 

D 

 e. generalisability/ 
selection bias 

Insufficient information: STROBE criteria 4, 
6, 9, 13, 21 

D 

Domain 4 Quality Code  C 
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Eum et al. 2008 
Causal Interpretation 
Domain 

Rationale and/or STROBE criteria for 
insufficient information 

WOE 
Code 

1. Association   

 a. temporality  B 

 b. strength  B 

 c. statistics-design Analyzed using statistical methods for 
complex survey design, but not reported 

C 

 d. dose-response  A 

Domain 1 Quality Code  B 
2. Environmental 
Equivalence 

  

h. smoking subset 
 (exposure) 

 B 

 b. setting  A 

Domain 2 Quality Code  A/B 
3.  Population Equivalence   
h. smoking subset 
(disease risk) 

 B 

 b. other disease risk 
factors 

Did not adjust for anti-hypertensive 
medication use 

C 

Domain 3 Quality Code  B/C 
4. Potential Biases   
 a. exposure 
misclassification 

 B 

 b. outcome 
misclassification  

 B 

 c. observer bias Insufficient information: STROBE 8,9 C 

 d. responder bias No information other than nonparticipation 
percent 

C 

 e. generalisability/ 
selection bias 

Uncertain given statistics pertinent to 
complex survey design not reported 

B 

Domain 4 Quality Code  B 
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Meditto et al. 1998 
Causal Interpretation 
Domain 

Rationale and/or STROBE criteria for 
insufficient information 

WOE 
Code 

1. Association   

 a. temporality Cross-sectional study limits temporal 
associations. 

B 

 b. strength Not smoking-stratified B 

 c. statistics-design  A 

 d. dose-response Did not include categorical exposure 
variables 

B 

Domain 1 Quality Code  B 
2. Environmental 
Equivalence 

  

i. smoking subset 
 (exposure) 

Not smoking-stratified B 

 b. setting Not a general population-representative 
sample 

B 

Domain 2 Quality Code  B 
3.  Population Equivalence   
i. smoking subset 
(disease risk) 

Not smoking-stratified B 

 b. other disease risk 
factors 

 A 

Domain 3 Quality Code  A/B 
4. Potential Biases   
 a. exposure 
misclassification 

Blood cadmium, only B 

 b. outcome 
misclassification  

Conventional blood pressure B 

 c. observer bias  A 

 d. responder bias Not known how urban responders might be 
different from non-urban 

B 

 e. generalisability/ 
selection bias 

Findings for urban residents may not be 
generalisable to population 

B 

Domain 4 Quality Code  B 
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Schutte et al. 2008 
Causal Interpretation 
Domain 

Rationale and/or STROBE criteria for 
insufficient information 

WOE 
Code 

1. Association   

 a. temporality  B 

 b. strength Adjusted for current smoking but did not 
differentiate never- from former smokers 

C 

 c. statistics-design  A 

 d. dose-response Did not address non-detectable limits C 

Domain 1 Quality Code  B 
2. Environmental 
Equivalence 

  

j. smoking subset 
 (exposure) 

Adjusted for current smoking but did not 
differentiate never- from former smokers 

C 

 b. setting Included 26 occupationally exposed; also, 1 
area exposed to industrial cadmium  

C 

Domain 2 Quality Code  C 
3.  Population Equivalence   
j. smoking subset 
(disease risk) 

Adjusted for current smoking but did not 
differentiate never- from former smokers 

C 

 b. other disease risk 
factors 

Did not adjust for occupational exposure B 

Domain 3 Quality Code  B/C 
4. Potential Biases   
 a. exposure 
misclassification 

 A 

 b. outcome 
misclassification  

 B 

 c. observer bias  B 

 d. responder bias  B 

 e. generalisability/ 
selection bias 

Limited due to inclusion of occupationally 
exposed men 

C 

Domain 4 Quality Code  B 
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Staessen et al. 2000 
Causal Interpretation 
Domain 

Rationale and/or STROBE criteria for 
insufficient information 

WOE 
Code 

1. Association   

 a. temporality  A 

 b. strength At follow-up, indicated those who took up 
smoking. 

B 

 c. statistics-design  A 

 d. dose-response  A 

Domain 1 Quality Code  A 
2. Environmental 
Equivalence 

  

k. smoking subset 
 (exposure) 

Adjusted for current smoking but did not 
differentiate never- from former smokers 

C 

 b. setting Included occupationally exposed; also, 1 area 
exposed to industrial cadmium  

C 

Domain 2 Quality Code  C 
3.  Population Equivalence   
k. smoking subset 
(disease risk) 

Adjusted for current smoking but did not 
differentiate never- from former smokers 

C 

 b. other disease risk 
factors 

Did not adjust for occupational exposure B 

Domain 3 Quality Code  B/C 
4. Potential Biases   
 a. exposure 
misclassification 

 A 

 b. outcome 
misclassification  

 A 

 c. observer bias  A 

 d. responder bias  B 

 e. generalisability/ 
selection bias 

Limited due to inclusion of occupationally 
exposed men 

C 

Domain 4 Quality Code  B 
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Telisman et al. 2001 
Causal Interpretation 
Domain 

Rationale and/or STROBE criteria for 
insufficient information 

WOE 
Code 

1. Association   

 a. temporality  B 

 b. strength Excluded use of anti-hypertensives but did 
not differentiate never- from former smokers 

C 

 c. statistics-design  B 

 d. dose-response Did not categorize into exposure levels C 

Domain 1 Quality Code  B 
2. Environmental 
Equivalence 

  

l. smoking subset 
 (exposure) 

Did not differentiate never-from former 
smokers 

C 

 b. setting Not population-based C 

Domain 2 Quality Code  C 
3.  Population Equivalence   
l. smoking subset 
(disease risk) 

Did not differentiate never-from former 
smokers 

C 

 b. other disease risk 
factors 

 A 

Domain 3 Quality Code  B 
4. Potential Biases   
 a. exposure 
misclassification 

 B 

 b. outcome 
misclassification  

 B 

 c. observer bias  A 

 d. responder bias Insufficient information about how 
respondents differed from nonrespondents 

C 

 e. generalisability/ 
selection bias 

Infertility clinic volunteers C 

Domain 4 Quality Code  B 
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Table 2. Articles identified from the scientific indexes using the search criteria but excluded from 
systematic review for reason(s) indicated (X) 
Reference Not 

exposure 
of 
interest 

Not 
outcome 
of 
interest 

Sample 
restricted 
to unique  
subset 

Not 
adjusted 
for 
smoking 
or 
age/sex 

Statistical 
reporting 
insufficient 
for 
systematic 
comparison 

Not original 
epidemiologic 
study, e.g., 
review, 
duplicate 

Apinan et al. 2009  X     
Afridi et al. 2008   X    
Al-Saleh et al. 2006    X   
Sirivarasai et al. 2004     X  
Navas-Acien et al. 
2004 

 X     

Tang et al. 2003    X X  
Baker et al. 2003 X      
Kosanovic et al. 2002   X    
Nordberg et al. 2000    X   
Staessen et al. 1996      X 
Luoma et al. 1995   X    
Bakshi et al. 1994    X   
Basun et al. 1994   X    
Staessen and 
Lauwerys 1993 

     X 

Korkmaz et al. 1992    X   
Laudanski et al. 1991  X     
Staessen et al. 1991      X 
Iwata et al. 1991    X   
Narang et al. 1990 X      
Lauwerys et al. 1990      X 
Geiger et al. 1989   X    
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