Environmental Health© Sommar et al.; licensee BioMed Central Ltd. 2013
                This article is published under license to BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://​creativecommons.​org/​licenses/​by/​2.​0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

              

10.1186/1476-069X-12-9

Research

End-stage renal disease and low level exposure to lead, cadmium and mercury; a population-based, prospective nested case-referent study in Sweden

Johan Nilsson Sommar1  , Maria K Svensson2  , Bodil M Björ1  , Sölve I Elmståhl3  , Göran Hallmans4  , Thomas Lundh5  , Staffan MI Schön6  , Staffan Skerfving5   and Ingvar A Bergdahl1  
(1)Department of Public Health and Clinical Medicine, Occupational and Environmental Medicine, Umea University, Umea, Sweden

(2)Department of Molecular and Clinical Medicine-Nephrology, Institute of Medicine, Sahlgrenska Academy at University of Gothenburg, Gothenburg, Sweden

(3)Department of Health Sciences, Division of Geriatric Medicine, Lund University, Lund, Sweden

(4)Department of Public Health and Clinical Medicine, Nutritional Research, Umea University, Umea, Sweden

(5)Division of Occupational and Environmental Medicine, University Hospital, Lund, Sweden

(6)Diaverum Renal Services Group, Lund, Sweden & Swedish Renal Registry, Jönköping, Sweden

 

 
Johan Nilsson Sommar (Corresponding author)
Email: Johan.N.Sommar@envmed.umu.se

 
Maria K Svensson
Email: Maria.Svensson@wlab.gu.se

 
Bodil M Björ
Email: Bodil.Bjor@envmed.umu.se

 
Sölve I Elmståhl
Email: Solve.Elmstahl@med.lu.se

 
Göran Hallmans
Email: Goran.Hallmans@nutrires.umu.se

 
Thomas Lundh
Email: Thomas.Lundh@med.lu.se

 
Staffan MI Schön
Email: Staffan.Schon@diaverum.com

 
Staffan Skerfving
Email: Staffan.Skerfving@med.lu.se

 
Ingvar A Bergdahl
Email: Ingvar.Bergdahl@envmed.umu.se



Received: 18 September 2012Accepted: 19 January 2013Published online: 23 January 2013
Abstract
Background
Cadmium (Cd), lead (Pb), and mercury (Hg) cause toxicological renal effects, but the clinical relevance at low-level exposures in general populations is unclear. The objective of this study is to assess the risk of developing end-stage renal disease in relation to Cd, Pb, and Hg exposure.

Methods
A total of 118 cases who later in life developed end-stage renal disease, and 378 matched (sex, age, area, and time of blood sampling) referents were identified among participants in two population-based prospective cohorts (130,000 individuals). Cd, Pb, and Hg concentrations were determined in prospectively collected samples.

Results
Erythrocyte lead was associated with an increased risk of developing end-stage renal disease (mean in cases 76 μg/L; odds ratio (OR) 1.54 for an interquartile range increase, 95% confidence interval (CI) 1.18-2.00), while erythrocyte mercury was negatively associated (2.4 μg/L; OR 0.75 for an interquartile range increase, CI 0.56-0.99). For erythrocyte cadmium, the OR of developing end-stage renal disease was 1.15 for an interquartile range increase (CI 0.99-1.34; mean Ery-Cd among cases: 1.3 μg/L). The associations for erythrocyte lead and erythrocyte mercury, but not for erythrocyte cadmium, remained after adjusting for the other two metals, smoking, BMI, diabetes, and hypertension. Gender-specific analyses showed that men carried almost all of the erythrocyte lead and erythrocyte cadmium associated risks.

Conclusions
Erythrocyte lead is associated with end-stage renal disease but further studies are needed to evaluate causality. Gender-specific analyses suggest potential differences in susceptibility or in exposure biomarker reliability.
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Background
Chronic kidney disease and development of end-stage renal disease is of increasing public health concern worldwide. In Sweden, the number of patients treated for end-stage renal disease is increasing, and diabetes and nephrosclerosis due to hypertension are the most common causes of end-stage renal disease [1]. A higher prevalence of obesity, resulting in an increase of diabetes and hypertension contribute [2]. Obesity, per se, is also associated with the development of chronic kidney disease in both diabetic and non-diabetic renal disease [3–5]. Other risk factors for chronic kidney disease in the general population are old age, presence of any degree of chronic kidney disease (estimated glomerular filtration rate), proteinuria, smoking, and hypertension [6]. In patients with chronic kidney disease, low renal function (estimated glomerular filtration rate) and severe albuminuria independently predict end-stage renal disease [7]. Possibly, environmental exposure to nephrotoxicants, especially in susceptible individuals, (i.e., patients with diabetes, hypertension, and preexisting chronic kidney disease), may contribute to the disease and/or its progression. The metals cadmium (Cd; [8]), mercury (Hg; [9]) and lead (Pb; [10, 11]) at high exposures in occupational settings are known to be nephrotoxic.
Renal effects of Cd (e.g. [12]) and Pb (e.g. [13, 14]) have been suggested even at low-level exposures in the general population such as increased levels of urinary beta-microglobulin, increases in blood urea nitrogen, serum creatinine, creatinine clearance (estimated creatinine clearance), or glomerular filtration rate (estimated glomerular filtration rate). However, the clinical relevance of these biomarkers can be questioned and has been challenged.
A clinically relevant hard renal endpoint is the development of end-stage renal disease, requiring renal replacement therapy (i.e., dialysis or transplantation). An ecological study indicated that the risk of end-stage renal disease increased by proximity to Cd-emitting industries [15], and cross-sectional studies indicate that patients with chronic kidney disease have increased concentrations of Cd and Pb as compared to referents [16–20], and that Pb is related to progression of chronic kidney disease [21, 22]. However, these findings may be a result of reverse causation, i.e., the disease itself, or its treatment, affects metal retention. In addition, high exposure to inorganic Hg is related to development of membranous glomerulonephritis with nephrotic syndrome in susceptible individuals [23].
Up until now there are, to our knowledge, no prospective studies, targeting associations between the development of end-stage renal disease and effects of low level exposure to Cd, Pb, and Hg. The aim of the present study was to elucidate how erythrocyte concentrations of Pb (Ery-Pb), Cd (Ery-Cd), and Hg (Ery-Hg) in the general population relate to the risk of developing end-stage renal disease later in life. This was done in a population-based case-referent study nested within two prospective cohorts from Northern and Southern Sweden with stored blood samples, collected before diagnosis of end-stage renal disease.

Methods
Subjects
The northern Sweden health and disease study
The Northern Sweden Health and Disease Study [24] includes the population-based Västerbotten Intervention Project [25] and the Northern Sweden WHO Monitoring of Trends and Cardiovascular Disease (MONICA) Study, both of which include anthropometric, blood-pressure, and lifestyle data, as well as the local Mammography Screening Project, with more limited data. The Västerbotten Intervention Project was initiated in 1985 as a health-promotion program for the population in one county (Västerbotten; ca. 250,000 inhabitants). Every year, inhabitants reaching the ages of 40, 50, and 60 (during some years also 30) are invited to their local health centers for a routine health screening. MONICA was also initiated in 1985 as a health examination program for cardiovascular disease and diabetes, where randomly selected inhabitants were invited to participate in a continuous health survey. In addition, women in Västerbotten County aged approximately 40–70 years have been encouraged to take part in a mammographic screening program every two to three years since 1995. Participants in these programs are asked to donate blood samples, which are then stored in a biobank (−70°C). Between the years 1985–2002, a total of 74,000 unique subjects had donated blood samples to the Northern Sweden Health and Disease Study.
The participation rate during 1985–2002 was approximately 60% for the Västerbotten Intervention Project, 77.2% for MONICA, and 65% for the Mammography Screening Project. The collection of samples is still continuing.

The Malmö diet and cancer study
The Malmö Diet and Cancer study [26] is a prospective population-based study with anthropometric, blood-pressure, and lifestyle data from a baseline examination between 1991–1996 of 45–64 year-old men and women (n = 30,447) living in the city of Malmö in Southern Sweden. Subjects from the municipal registry were randomly invited to participate from the total source population of 74,138. Recruitment was also made using local advertisements, and by recommendations from participants. The only exclusion criterion for participation was lack of Swedish language skills. Participants who emigrated during the study period were censored on the date they left the country. Donated blood samples were stored in a biobank (−70°C). The participation rate was approximately 45%.


Follow-up and case-referent study design
Since 1991, the Swedish Renal Registry (SRR; [27]) collects data on all patients with end-stage renal disease (defined as glomerular filtration rate <10-15 ml/min), starting renal replacement therapy, i.e., dialysis or transplantation. All units performing dialysis and/or kidney transplantation in Sweden report to the SRR (attaining data from >95% of all patients).
Subjects who participated in any of the two cohorts, and later (up to 31 December 2006) developed end-stage renal disease, were identified by linkage to the SRR using their unique personal identity number (Figure 1). The case with the oldest blood sample was obtained in 1993.[image: A12940_2012_Article_615_Fig1_HTML.jpg]
Figure 1
Time period of recruitment and blood sampling within the Malmö Diet and Cancer study and The Northern Sweden Health and Disease study, from which participants for the present study were selected. The identities of the participants were linked to the Swedish Renal Registry for identification of end-stage renal disease cases who had donated a blood sample in any of the cohort studies. Vertical lines indicate beginning and end of cohort recruitment, and arrows indicate that recruitment is still continuing.





For each case, three referents without end-stage renal disease, alive at time of the end-stage renal disease diagnosis (as ascertained through linkage to the Swedish National Death Registry), were individually matched for cohort, age, sex, and time of sampling (Figure 2). For the 139 identified cases and 382 referents, Ery-Cd and Ery-Pb were analyzed in samples from 118 cases and 378 referents, and Ery-Hg in 87 cases and 288 referents. Complete sets of cases and referents with Ery-Cd and Ery-Pb analyses were obtained for 118 cases and 347 referents, and 86 cases and 244 referents with Ery-Hg.[image: A12940_2012_Article_615_Fig2_HTML.jpg]
Figure 2
                          Flowchart of number of individuals.
                        





Background information on smoking (Mammography Screening Project: only yes/no; other cohorts: current, ex-, never), blood pressure, diabetes, and hypertension (i.e. having systolic blood pressure >140, diastolic >90 mm Hg, or being treated for high blood pressure), was obtained from the baseline health examinations.
All subjects gave informed written consent to their participation in the study, which was approved by the ethical committee of Umeå University.

The choice of erythrocyte concentrations as biomarker
Metals were analyzed in erythrocytes, and neither urine nor whole-blood samples were available. The most commonly used biomarkers for cadmium are the concentrations in urine and whole blood. Urinary cadmium reflects mainly cadmium in the kidney, in turn reflecting long-term exposure; meanwhile, whole-blood cadmium reflects a combination of both current and historical exposure. Since almost all blood cadmium is present in erythrocytes, cadmium in whole blood and in erythrocytes reflects the same time period of exposure [8]. An advantage with both whole blood and erythrocyte cadmium, compared with urinary cadmium, is that the blood markers are not affected by tubular function. However, a disadvantage of using Ery-Cd is that it not only reflects long-term accumulation of cadmium body burden that may be more relevant for kidney effects.
For lead, the most commonly used exposure indicator is the concentration in whole blood. Most of the lead in whole blood is bound to proteins in the erythrocytes [8]; the lead concentration in erythrocytes is approximately two times the lead concentration in whole blood.
Ery-Hg reflects both inorganic mercury and methylmercury exposure, though a stronger influence from the latter is to be expected. Over 90% of the methylmercury in whole blood is in erythrocytes, while inorganic (mercuric) mercury distributes almost equally between plasma and erythrocytes, with perhaps somewhat more in plasma [9].

Chemical analyses
Ery-Cd and Ery-Pb were determined by inductively coupled plasma-mass spectrometry (ICP-MS; Thermo X7, Thermo Elemental, Winsford, UK; [28]).
The detection limits, calculated as 3 times the standard deviation of the blank, were 0.04 and 0.11 μg/L, respectively. Analytical accuracy was checked against reference materials. For Seronorm Trace elements whole blood (Seronorm; Lot MR4206, 503109, SERO AS, Billingstad, Norway), the results obtained for Cd were 0.67 ± 0.04 (mean ± standard deviation (SD); n = 21) and 5.6 ± 0.18 (n = 21) μg/L, respectively (recommended 0.68–0.80 and 5.6–6.4 μg/L), and for Pb 26.2 ± 0.53 (n = 21) and 372 ± 12 (n = 21) μg/L, respectively (recommended 26.2–29.0 and 372–414 μg/L). For the human blood reference samples from the Centre de Toxicologie du Quebec, Canada, the obtained values for Cd and Pb were: Cd (Lot C0515) 0.73 ± 0.03 (n = 21), recommended 0.79 ± 0.23; and Pb (Lot L0608) 31.2 ± 0.68 μg/L, recommended 31.1 ± 4.7 μg/L.
Ery-Hg was determined by cold vapor atomic fluorescence spectrophotometry [29]. The detection limit was 0.08 μg/L. The analytical accuracy for Hg in blood (Seronorm; Lot MR4206, 0512627) was 1.96 ± 0.10 (n = 49) and 15.0 ± 0.44 (n = 49) μg/L, respectively (recommended 2.0–2.4 and 16.1–19.7 μg/L). For the samples from the Centre de Toxicologie du Quebec, Canada (Lot M0408) results were 1.94 ± 0.13 μg/L (recommended 2.0 μg/L). Due to limited availability of samples for analyses, Ery-Hg was only determined in those samples that had sufficient remaining sample volume after the detection of Cd and Pb.
All determinations were made in duplicate preparations. The method imprecisions, calculated as the coefficient of variation (CV%), were 5.7%, 1.3%, and 8.6%, for Cd, Pb, and Hg, respectively.

Statistical analyses
The association between end-stage renal disease and each of the potential risk factors Ery-Cd, Ery-Pb, Ery-Hg, BMI, diabetes, smoking, and hypertension, were calculated using univariate conditional logistic regression based on the matched sets of cases and referents. In addition to the univariate analyses, Spearman’s correlation coefficient, or odds ratio (OR), was calculated between each pair of candidate risk factors to be able to investigate if the candidate risk factors were confounders, changed the effects of the metals, or were independent risk factors. Finally, a multiple conditional logistic regression model was obtained using a backwards stepwise procedure where variables that did not statistically significantly explain variation in end-stage renal disease risk and did not change the effects of Ery-Cd, Ery-Pb, or Ery-Hg more than 10% were excluded.
Univariate analysis was also performed, categorizing Ery-Cd, Ery-Pb, and Ery-Hg using quartile limits which were calculated using concentrations from cases only, to obtain equal number of cases in each category. Quartile categorization as well as penalized cubic splines were used to assess linearity between independent variables and log-odds. Sensitivity analyses were performed by excluding influential observations. In addition, for the purpose of assessing model fits, the Hosmer-Lemeshow goodness-of-fit test was used by including the matching factors as covariates in a logistic regression model. However, all results shown in the tables and figures are based on conditional logistic regression, using matched sets of cases and referents. Time between sampling and end-stage renal disease as a confounder between metals and end-stage renal disease was investigated by estimating the associations between metals and end-stage renal disease in subsets of time between sampling and end-stage renal disease defined by quartile limits.
All statistical analyses were performed using the statistical package R, version 2.11.0 [30]. P-values <0.05 were considered statistically significant.


Results
Characteristics of the study participants at baseline, i.e., before any of the cases had developed end-stage renal disease, are presented in Table 1. There were differences in the occurrence of diabetes and hypertension between cases and referents, and a tendency towards a difference in smoking habits.Table 1
                        Baseline data on cases that later in life developed end-stage renal disease and referents
                      


	 	Cases
	Referents
	Difference between cases and referents with 95% confidence intervals/p-value

	Cases and referents from both study populations
	118
	347
	 
	Number of men/women
	66/52
	194/153
	 
	Northern Sweden Health and Disease Study (NSHDS)
	72
	214
	 
	Malmoe Diet and Cancer Study (MDCS)
	46
	133
	 
	Characteristics at base-line examination, i.e. prior to diagnosis of end-stage renal disease:

	Diabetes (y/n)
	20 (21%)
	8 (3%)
	OR = 8.3a (3.5, 22)

	Blood pressure (mm Hg), mean(standard deviation)

	 Systolic (SBP)
	141 (21.3)
	135 (19.9)
	5.8 a (1.5, 10)

	 Diastolic (DBP)
	85.8 (11.5)
	83.1 (9.6)
	2.7 a (0.42, 5.0)

	 Hypertensionb (y/n)
	66 (54.6%)
	125 (34.8%)
	OR = 2.2a (1.4, 3.5)

	Smoking
	 	 	p = 0.091a


	      Never-smoker
	34 (31%)
	141 (41%)
	 
	      Not current smoker (undefined ex-smoker or never-smoker)
	11 (10%)
	38 (11%)
	 
	      Ex-smoker
	26 (24%)
	79 (23%)
	 
	      Current smoker
	39 (35%)
	82 (24%)
	 
	Mean age at baselinec (years)
	63 (40–80)
	63 (40–80)
	 
	Mean age at diagnosis of end-stage renal disease (years)
	71 (46–87)
	 	 
	Time from baseline examination to development of end-stage renal disease (years)
	7.7 (1–16)
	 	 

OR=odds ratio.

aDifferences in binary variables were expressed as ORs with 95% confidence intervals, continues variables as the difference with 95% confidence intervals, and p-values using the chi-square test were reported for categorical variables with more than two levels.

bHypertension was defined as SBP >140 or DBP > 90 mm Hg, or antihypertensive medication at baseline.

cmatching factor.




Furthermore, statistically significant differences were found in Ery-Cd (geometric mean among cases 0.86 μg/L and referents 0.66 μg/L, geometric mean 23% lower among referents with 95% CI 8.2-44.7%), Ery-Pb (geometric mean among cases 66.2 μg/L and 55.0 μg/L among referents, geometric mean 17% lower among referents with 95% CI 7.8-29%) and Ery-Hg (arithmetic mean among cases 2.44 μg/L and referents 3.06 μg/L, 0.62 μg/L difference with 95% CI 0.17-1.08 μg/L) between cases and referents. The largest differences were found for cases with nephrosclerosis, glomerulonephritis, and pyelonephritis as the primary cause of end-stage renal disease, while the smallest differences were found for cases with diabetic nephropathy and non-specified diagnoses (See Additional file 1: Table S1).
To investigate if candidate risk factors were confounders, effect modifiers, or independent risk factors, and to identify possible multicollinearity between these variables, the correlation coefficient between each pair of risk factors was calculated (See Additional file 1: Table S2). Ery-Cd and Ery-Pb were statistically significantly correlated (Spearman’s correlation coefficient 0.19, 95% CI 0.10-0.27), and Ery-Pb was near-significantly correlated (Spearman’s correlation coefficient 0.10, 95% CI 0.00-0.20) with Ery-Hg. Both Ery-Cd and Ery-Pb were positively associated with age and smoking.
Univariate analysis showed that increased Ery-Pb and Ery-Cd were associated with increased risk of end-stage renal disease, however the association was not statistically significant for Ery-Cd (odds ratio (OR) 1.010 per μg/L increase with 95% CI 1.004-1.016, and OR 1.17 per μg/L increase with 95% CI 0.99-1.38 respectively). Ery-Hg was negatively associated with the risk of developing end-stage renal disease: OR 0.86 95% CI 0.74-0.996. Corresponding ORs for an interquartile range increase were 1.15, 1.54, and 0.75 for Ery-Cd, Ery-Pb, and Ery-Hg, respectively (Table 2). To investigate the shape of the associations, analyses were also made categorizing Ery-Cd, Ery-Pb, and Ery-Hg by quartile limits among cases (Figure 3a-c). More elaborate figures justifying model assumptions are shown as supplementary material (See Additional file 1: Figure S1).Table 2
                        Univarite modeling of the association between end-stage renal disease and candidate risk factors
                      


	Variable
	Number of individuals
	OR
	95% CI
	IQR
	ORIQR

	95% CI

	Ery-Cd (μg/L)
	465
	1.17
	(0.99, 1.38)
	0.37-1.3
	1.15
	(0.99, 1.34)

	Ery-Pb (μg/L)
	465
	1.010
	(1.004, 1.016)
	39.8-83.5
	1.54
	(1.18, 2.00)

	Ery-Hg (μg/L)
	330
	0.86
	(0.74, 0.996)
	1.53-3.5
	0.75
	(0.56, 0.99)

	BMI (kg/m2)
	451
	1.05
	(0.99, 1.11)
	23.5-28.1
	1.24
	(0.97, 1.60)

	Diabetes (y/n)
	381
	13.1
	(4.46, 38.7)
	 	 	 
	Hypertensiona (y/n)
	344
	1.58
	(0.90, 2.76)
	 	 	 
	Smoking
	442
	 	 	 	 	 
	Never-smoker
	172
	1
	 	 	 	 
	Not current smoker (undefined ex-smoker or never-smoker)
	49
	1.29
	(0.33, 5.10)
	 	 	 
	Ex-smoker
	101
	1.53
	(0.83, 2.82)
	 	 	 
	Current smoker
	120
	2.15
	(1.16, 3.98)
	 	 	 

Detailed legend: Univariate modeling of associations between end-stage renal disease and erythrocyte metal concentrations, body mass index (BMI), diabetes, hypertension and smoking at baseline. For continuous variables, ORs are given for both unit increase and for an interquartile range increase.
OR=odds ratio per unit increase. CI=confidence interval. IQR= interquartile range. ORIQR=odds ratio for an interquartile range increase. BMI=Body Mass Index.

aHypertension was defined as SBP >140 or DBP > 90 mm Hg, or antihypertensive medication at baseline.
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Figure 3
Univariate association between erythrocyte concentrations of cadmium (Ery-Cd; a), lead (Ery-Pb; b), and mercury (Ery-Hg; c), and risk of developing end-stage renal disease. Quartile concentration limits were calculated from cases.





Using multiple regression analysis adjusting for all other statistically significant variables or variables that changed the effect of the metals, both Ery-Pb and Ery-Hg were statistically significantly related to the development of end-stage renal disease (Table 3). The OR for one μg/L increase of Ery-Pb was 1.013 (95% CI 1.003-1.023) and for Ery-Hg 0.81 (95% CI 0.668-0.99), when also taking into consideration diabetes, BMI and hypertension. The modifications of ORs between univariate and multiple conditional logistic regression analysis were due to effect modification by covariates and not because of change in selection of individuals when restricting to those with complete data sets (data not shown). Ery-Cd was not statistically significant in the multiple model (OR = 1.11; 95% CI 0.78-1.57; not in table). The change in estimate for each metal exposure variable by including the two other respective metals is shown as supplementary material (See Additional file 1: Figure S2).Table 3
                        Multiple modeling of the association between end-stage renal disease and risk factors
                      


	Multiple model

	Number of individuals = 244
	
                            OR
                          
	
                            95% CI
                          
	
                            IQR
                          
	
                            OR
                            
                              IQR
                            
                          
	
                            95% CI
                          

	Ery-Pb (μg/L)
	1.013
	(1.003, 1.023)
	0.37-1.3
	1.74
	(1.13, 2.68)

	Ery-Hg (μg/L)
	0.81
	(0.66, 0.99)
	39.8-83.5
	0.66
	(0.44, 0.98)

	BMI (kg/m2)
	1.13
	(1.02, 1.25)
	1.53-3.5
	1.75
	(1.10, 2.79)

	Diabetes (y/n)
	35.8
	(4.37, 294)
	 	 	 
	Hypertensiona (y/n)
	4.23
	(1.97, 9.11)
	 	 	 

Detailed legend: Multiple modeling of the associations between end-stage renal disease and erythrocyte concentrations of lead and mercury, taking into consideration the covariates at baseline that either were statistically significant or changed any of the metal estimates.
OR=odds ratio for a unit increase. CI=confidence interval. IQR= interquartile range. ORIQR=odds ratio for an interquartile range increase. BMI=Body Mass Index.

aHypertension was defined as SBP >140 or DBP > 90 mm Hg, or antihypertensive medication at baseline.




Gender-specific analyses taking into consideration all statistically significant variables and variables changing the metal estimates indicated a stronger dose–response relation among men than women for Ery-Cd (men: OR 1.39 (95% CI 0.96-2.00; N = 151); women OR 0.79 (95% CI 0.51-1.23; N = 93)) and Ery-Pb (men: OR 1.014 (95% CI 1.0023-1.026; N = 151); women OR 1.00 (95% CI 0.98-1.022; N = 93)). Analyses also suggested a negative association with Ery-Hg in women not evident among men (men: OR 0.89 (95% CI 0.71-1.13; N = 151); women OR 0.68 (95% CI 0.47-0.98), N = 93).
In addition, a separate analysis was also made for individuals with more than median (8 years) duration between blood sampling and diagnosis of end-stage renal disease, taking into consideration the other metal (Ery-Hg, and Ery-Pb, respectively), BMI, and blood pressure; the OR for one μg/L increase in Ery-Pb was 1.012 (95% CI 1.001-1.022), and for Ery-Hg 0.90 (95% CI 0.76-1.06). The corresponding result for Ery-Cd when taking into consideration the other two metals, BMI, blood pressure, and smoking, was 1.05 (95% CI 0.69-1.60). The effect modification by time between sampling and end-stage renal disease diagnosis on the associations between Cd, Pb, and Hg concentrations and end-stage renal disease was further investigated within subsets of time between sampling and end-stage renal disease defined by quartile limits (See Additional file 1: Figure S3).

Discussion
This is the first population-based study with exposure biomarkers and a prospective design assessing the potential associations between risk of developing end-stage renal disease and low-level exposure to the metals Cd, Pb, and Hg. It indicates that the Pb concentration in blood (erythrocytes) is a predictor of development of end-stage renal disease in the general population. Causality is, however, not demonstrated, though one possibility is that Pb decreases the kidney’s ability to resist other factors. In addition, Ery-Cd tended to be related to an increased risk of end-stage renal disease, but confounding by Pb and Hg could partly explain this. In contrast, Ery-Hg showed a negative association. In addition, gender-specific analyses showed that men carried almost all of the Ery-Pb and Ery-Cd associated risks.
One strength of this study is the prospective design, with population-based blood samples collected several years before diagnosis of end-stage renal disease. In addition, end-stage renal disease is a well-defined, hard renal end-point, and the Swedish Renal Registry has been validated, showing that > 95% of the patients who started active end-stage renal disease treatment were reported to the SRR. Thirdly, as is shown by results for reference materials, the quality of our metal analyses was very good.
One weakness of this study is that neither renal function (e.g., estimated glomerular filtration rate) nor urinary albumin were available at baseline. Thus, risk estimates were not adjusted for any impairment of kidney function already existing before the sampling. At normal kidney function glomerular filtration rate is above 90 ml/min/1.73 m2. Renal replacement therapy is generally begun at 5–10 ml/min/1.73 m2. The rate of decline in renal function in a general healthy population older than 30 years is approximately 0.8 ml/min/1.73 m2/year [31]; meanwhile, patients with pre-existing mild to moderate kidney disease (chronic kidney disease 3–4) may lose 2 to 13 ml/min/1.73 m2/year [32]. Thus, several of the cases probably had reduced renal function already at the time of sampling.
Another weakness is the relatively few cases of end-stage renal disease, which limits the ability to determine whether risk estimates are homogeneous between the cohorts. From a risk-assessment perspective, an additional third weakness is that the Ery-Pb has decreased over time [33]. Therefore, the measured erythrocyte concentrations neither reflect a lifetime mean, nor the level at time of development of end-stage renal disease. Participation rates in the cohorts were between 45-77%. It is unlikely that any over- or under- representation would affect the risk estimates.
The referents were drawn from the general population, thus having normal values for Pb, Cd, and Hg. In an international perspective, the loads of Pb and Cd in Sweden have been low, while the load of Hg is relatively high [11, 34]. The levels of Pb and Cd in erythrocytes are usually about twice as high as those found in whole blood (variation in erythrocyte volume fraction, of course, affect this, but only to a negligible extent), while for Hg, the measured concentrations are closer to those in blood, but depend on the rates between methylmercury and inorganic mercury. For comparability with studies using urinary Cd, it can be noted that 50–60 year-old women from northern Sweden had a median Cd concentration in urine of 0.189 (range 0.03-0.84) μg/L, and in whole blood 0.24 (range: 0.08-2.59) μg/L (corresponding to ca 0.49 μg/L in erythrocytes) [35].
Associations between Cd and Pb and end-stage renal disease have been found in earlier studies using less adequate methods. One previous Swedish study combining occupational and ecological exposure assessment indicated increased risk of developing end-stage renal disease after Cd exposure [15], while another ecological study in Japan did not show any association between mortality from renal failure and Cd levels in local brown rice [36]. These studies are weakened by their lack of individual biomarker data. Cross-sectional studies have found higher levels of Ery-Cd and Ery-Pb in hemodialysis patients than in healthy referents (Taiwan: [17]; U.S.: [18]; Pakistan: [19]; China: [20]). In addition, progression of renal failure was associated with blood-Pb concentration (China: [21, 22]) and a slower decline in renal function have been observed after lead chelation therapy (Taiwan: [37]). In most of these countries, the Pb exposure has been higher than in Sweden. On the other hand, in another Swedish study, there was no association between a history of occupational Pb exposure, as assessed by a job-exposure matrix, and risk of end-stage renal disease [38].
For less-severe kidney effects, several studies indicate associations with biomarkers of Cd [8] and Pb [11] exposure. A cross-sectional study in Taiwan showed significant associations between blood-Pb and risk of renal dysfunction and hyperuricemia [39]. Likewise, studies of U.S. adults displayed associations between Cd and Pb in blood on the one hand, and both albuminuria and reduced estimated glomerular filtration rate, on the other [40], for blood-Pb also in adolescents [14].
The evidence for the development of nephropathy at high and prolonged Pb exposure was described as ‘anecdotic’ in a relatively recent review, while data on the relationship between Pb and end-stage renal disease was considered scarce [41]. However, some of the most recent cross-sectional studies were not included in the review. Thus, taking all the recent studies and our present results into account, such an association is likely, even at fairly low-level exposure.
Information on Hg is scarce, but not in conflict with our data, although subjects with occupational exposure to elemental Hg vapor have been shown to display albuminuria [9]. Also, high exposure to inorganic Hg may cause severe membranous nephropathy [23]. However, such high-level exposure to Hg is rare in Sweden. In the general population, the major exposure is to elemental Hg from dental amalgam and methyl-Hg through fish consumption, in both cases at relatively low exposures, not expected to be sufficient to cause renal effects.
It has been claimed that Cd and Pb may cause a general worsening of renal disease [42]. Our results tend to support this, since the patterns were similar for Ery-Pb and Ery-Cd in several primary causes of end-stage renal disease. However, an exception was cases with diabetic nephropathy. Despite the fact that previous studies suggest that Cd may induce diabetes [43, 44], and aggravate diabetic renal complications [12], we did not find a difference in Ery-Cd between cases with diabetic nephropathy and referents (only 19 cases).
The results contain two unexpected findings: first a gender difference for all three metals, and second, a negative association between Ery-Hg and the risk of developing end-stage renal disease. The difference in risk estimates for men and women could be due to a gender difference in susceptibility or a difference in exposure biomarkers reliability between men and women. This should be further evaluated. The possibility of confounding by unobserved covariates should be considered for both Ery-Pb and Ery-Hg. A truly protective effect of Hg appears unlikely. Instead, it can be speculated that there may be confounding by a healthy lifestyle, including fish consumption and with a low burden of other risk factors [45] such as low socio-economic status [38, 46, 47]. An alternative, and even more speculative interpretation, is a protective effect of long-chain omega-3 polyunsaturated fatty acids (PUFAs) from fish. PUFAs correlate to Ery-Hg [48] and have been suggested in treatment of kidney disease, i.e., IgA-nefritis [49, 50].
If confounding by healthy life-style is a possible explanation of the results for Hg, such confounding must be considered also for Pb. Ery-Hg and Ery-Pb were positively correlated, and it has previously been observed that Ery-Pb is associated with fish consumption ([33]; possibly due to co-variation with leafy vegetables, a source of dietary Pb). Therefore, the association between end-stage renal disease and Ery-Pb is not likely to be due to confounding by a healthy life-style, since the risk estimate for Ery-Pb then would rather decrease than increase. Significant confounding by occupational factors is also unlikely because occupational exposure could only explain a minor fraction of the cases in this population.
As previously mentioned, several of the cases probably had reduced renal function already at baseline. We therefore performed subgroup analyses within quartile limits of time between sampling and end-stage renal disease (see Additional file 1). The impact of time from sampling to diagnosis only had a limited effect on the odds ratio for Ery-Pb, but for Ery-Cd the odds ratio was lower among individuals with a long time period from sampling to diagnosis. No consistent pattern was seen for Ery-Hg. These results do not indicate that the results for Ery-Pb and Ery-Hg reflect reverse causation, while this may be the case for Ery-Cd. A previously published study showing an association between bone-Pb, which has a very slow turnover, and end-stage renal disease [18] is also in accordance with our finding on Pb.
Both the present and other studies show an increased risk of developing end-stage renal disease in smokers [38, 46, 47]. Smoking is, however, also an important source of Cd. When both smoking and Cd were included in a multiple analysis, both were statistically significant, thus the possibility remains that other smoking-related factors than Cd may cause the association. The number of never-smokers in the present study is too small to allow a separate analysis of these individuals.
Although it is still uncertain if Pb is truly a cause of end-stage renal disease, this first low-level study using prospectively collected samples for exposure assessment shows associations that give reasons for concern.

Conclusions
Lead in erythrocytes and blood is associated with end-stage renal disease, even at low levels, as is shown both in this prospective population-based study and in previous cross-sectional studies, and supported by studies of chronic kidney disease. Pb exposure may therefore increase the risk of developing end-stage renal disease in the general population, but further studies are needed to evaluate causality. The case might be similar for Cd, but we found only slight indications for that. Gender-specific analyses indicate potential differences in susceptibility or in exposure biomarker reliability.

Acknowledgements
Anders Christensson and Eva Kihl-Selstam provided access to, and assisted in retrieving, case data. The Northern Sweden MONICA Study contributed with samples and data.
Grants were supplied from the Swedish Council for Working Life and Social Research (FAS; METALUND), the Swedish Research Council for Environment, Agricultural Sciences and Spatial Planning (FORMAS) and the European Union (Sixth Framework Program; PHIME; FOOD-CT-2006-016253). The paper reflects only the authors’ views; the European Union is not liable for any use that may be made of the information. Funding bodies had no role in the design or conduct of the study.

References
1.
Swedish Renal Registry:http://​www.​snronline.​se,

2.
Eliasson M, Janlert U, Jansson JH, Stegmayr B: Time trends in population cholesterol levels 1986–2004: influence of lipid-lowering drugs, obesity, smoking and educational level. The northern Sweden MONICA study. J Intern Med. 2006, 260: 551-559. 10.1111/j.1365-2796.2006.01730.x.CrossRef

3.
Ejerblad E, Fored CM, Lindblad P, Fryzek J, McLaughlin JK, Nyren O: Obesity and risk for chronic renal failure. J Am Soc Nephrol. 2006, 17: 1695-1702. 10.1681/ASN.2005060638.CrossRef

4.
Praga M, Morales E: Obesity, proteinuria and progression of renal failure. Curr Opin Nephrol Hypertens. 2006, 15: 481-486. 10.1097/01.mnh.0000242172.06459.7c.CrossRef

5.
Afghahi H, Cederholm J, Eliasson B, Zethelius B, Gudbjornsdottir S, Hadimeri H, Svensson MK: Risk factors for the development of albuminuria and renal impairment in type 2 diabetes–the Swedish national diabetes register (NDR). Nephrol Dial Transplant. 2011, 26: 1236-1243. 10.1093/ndt/gfq535.CrossRef

6.
Obermayr RP, Temml C, Knechtelsdorfer M, Gutjahr G, Kletzmayr J, Heiss S, Ponholzer A, Madersbacher S, Oberbauer R, Klauser-Braun R: Predictors of new-onset decline in kidney function in a general middle-european population. Nephrol Dial Transplant. 2008, 23: 1265-1273.CrossRef

7.
Gansevoort RT, Matsushita K, van der Velde M, Astor BC, Woodward M, Levey AS, de Jong PE, Coresh J: Lower estimated GFR and higher albuminuria are associated with adverse kidney outcomes. A collaborative meta-analysis of general and high-risk population cohorts. Kidney Int. 2011, 80: 93-104. 10.1038/ki.2010.531.CrossRef

8.
Nordberg GFNK: Handbook on the toxicology of metals. 2007, Academic, Amsterdam; Boston, 975-xlvii, 3

9.
Berlin MZR: Handbook on the toxicology of metals. 2007, Academic, Amsterdam; Boston, 975-xlvii, 3

10.
Ekong EB, Jaar BG, Weaver VM: Lead-related nephrotoxicity: a review of the epidemiologic evidence. Kidney Int. 2006, 70: 2074-2084.CrossRef

11.
Skerfving SBI: Handbook on the toxicology of metals. 2007, Academic, Amsterdam; Boston, 975-xlvii, 3

12.
Akesson A, Lundh T, Vahter M, Bjellerup P, Lidfeldt J, Nerbrand C, Samsioe G, Stromberg U, Skerfving S: Tubular and glomerular kidney effects in Swedish women with low environmental cadmium exposure. Env Health Perspect. 2005, 113: 1627-1631. 10.1289/ehp.8033.CrossRef

13.
Staessen JA, Buchet JP, Ginucchio G, Lauwerys RR, Lijnen P, Roels H, Fagard R: Public health implications of environmental exposure to cadmium and lead: an overview of epidemiological studies in Belgium. Working groups. J Cardiovasc Risk. 1996, 3: 26-41. 10.1097/00043798-199602000-00005.

14.
Fadrowski JJ, Navas-Acien A, Tellez-Plaza M, Guallar E, Weaver VM, Furth SL: Blood lead level and kidney function in US adolescents: the third national health and nutrition examination survey. Arch Intern Med. 2010, 170: 75-82. 10.1001/archinternmed.2009.417.CrossRef

15.
Hellstrom L, Elinder CG, Dahlberg B, Lundberg M, Jarup L, Persson B, Axelson O: Cadmium exposure and end-stage renal disease. Am J Kidney Dis. 2001, 38: 1001-1008. 10.1053/ajkd.2001.28589.CrossRef

16.
Sanchez-Fructuoso AI, Torralbo A, Arroyo M, Luque M, Ruilope LM, Santos JL, Cruceyra A, Barrientos A: Occult lead intoxication as a cause of hypertension and renal failure. Nephrol Dial Transplant. 1996, 11: 1775-1780. 10.1093/oxfordjournals.ndt.a027667.CrossRef

17.
Lee SH, Huang JW, Hung KY, Leu LJ, Kan YT, Yang CS, Chung Wu D, Huang CL, Chen PY, Chen JS, Chen WY: Trace Metals’ abnormalities in hemodialysis patients: relationship with medications. Artif Organs. 2000, 24: 841-844. 10.1046/j.1525-1594.2000.06352.x.CrossRef

18.
Muntner P, Menke A, Batuman V, Rabito FA, He J, Todd AC: Association of tibia lead and blood lead with end-stage renal disease: a pilot study of African-Americans. Environ Res. 2007, 104: 396-401. 10.1016/j.envres.2007.04.001.CrossRef

19.
Kazi TG, Jalbani N, Kazi N, Jamali MK, Arain MB, Afridi HI, Kandhro A, Pirzado Z: Evaluation of toxic metals in blood and urine samples of chronic renal failure patients, before and after dialysis. Ren Fail. 2008, 30: 737-745. 10.1080/08860220802212999.CrossRef

20.
Chen B, Lamberts LV, Behets GJ, Zhao T, Zhou M, Liu G, Hou X, Guan G, D’Haese PC: Selenium, lead, and cadmium levels in renal failure patients in China. Biol Trace Elem Res. 2009, 131: 1-12. 10.1007/s12011-009-8340-y.CrossRef

21.
Lin JL, Tan DT, Hsu KH, Yu CC: Environmental lead exposure and progressive renal insufficiency. Arch Intern Med. 2001, 161: 264-271. 10.1001/archinte.161.2.264.CrossRef

22.
Lin JL, Lin-Tan DT, Chen KH, Hsu CW, Yen TH, Huang WH, Huang YL: Blood lead levels association with 18-month all-cause mortality in patients with chronic peritoneal dialysis. Nephrol Dial Transplant. 2010, 25: 1627-1633. 10.1093/ndt/gfp663.CrossRef

23.
Li SJ, Zhang SH, Chen HP, Zeng CH, Zheng CX, Li LS, Liu ZH: Mercury-induced membranous nephropathy: clinical and pathological features. Clin J Am Soc Nephrol. 2010, 5: 439-444. 10.2215/CJN.07571009.CrossRef

24.
Hallmans G, Agren A, Johansson G, Johansson A, Stegmayr B, Jansson JH, Lindahl B, Rolandsson O, Soderberg S, Nilsson M: Cardiovascular disease and diabetes in the northern sweden health and disease study cohort - evaluation of risk factors and their interactions. Scand J Public Health Suppl. 2003, 61: 18-24.CrossRef

25.
Norberg M, Wall S, Boman K, Weinehall L: The vasterbotten intervention programme: background, design and implications. Glob Health Action. 2010, 3:

26.
Berglund G, Elmstahl S, Janzon L, Larsson SA: The malmo diet and cancer study. Design and feasibility. J Intern Med. 1993, 233: 45-51. 10.1111/j.1365-2796.1993.tb00647.x.CrossRef

27.
Schon S, Ekberg H, Wikstrom B, Oden A, Ahlmen J: Renal replacement therapy in Sweden. Scand J Urol Nephrol. 2004, 38: 332-339. 10.1080/00365590410033380.CrossRef

28.
Barany E, Bergdahl IA, Schutz A, Skerfving S, Oskarsson A: Inductively coupled plasma mass spectrometry for direct multi-element analysis of diluted human blood and serum. J Anal Atom Spectrom. 1997, 12: 1005-1009. 10.1039/a700904f.CrossRef

29.
Sandborgh-Englund G, Elinder CG, Langworth S, Schutz A, Ekstrand J: Mercury in biological fluids after amalgam removal. J Dent Res. 1998, 77: 615-624. 10.1177/00220345980770041501.CrossRef

30.
R Development Core Team: R: a language and environment for statistical computing. R foundation for statistical computing. 2010, ISBN 3-900051-07-0, Vienna, Austria,http://​www.​R-project.​org,

31.
Davies DF, Shock NW: Age changes in glomerular filtration rate, effective renal plasma flow, and tubular excretory capacity in adult males. J Clin Invest. 1950, 29: 496-507. 10.1172/JCI102286.CrossRef

32.
Jones C, Roderick P, Harris S, Rogerson M: Decline in kidney function before and after nephrology referral and the effect on survival in moderate to advanced chronic kidney disease. Nephrol Dial Transplant. 2006, 21: 2133-2143. 10.1093/ndt/gfl198.CrossRef

33.
Wennberg M, Lundh T, Bergdahl IA, Hallmans G, Jansson JH, Stegmayr B, Custodio HM, Skerfving S: Time trends in burdens of cadmium, lead, and mercury in the population of northern Sweden. Environ Res. 2006, 100: 330-338. 10.1016/j.envres.2005.08.013.CrossRef

34.
Barregard L, Fabricius-Lagging E, Lundh T, Molne J, Wallin M, Olausson M, Modigh C, Sallsten G: Cadmium, mercury, and lead in kidney cortex of living kidney donors: Impact of different exposure sources. Environ Res. 2010, 110: 47-54. 10.1016/j.envres.2009.10.010.CrossRef

35.
Sundkvist A: Time trends of cadmium, lead and mercury in the population of Northern Sweden. 1990, Swedish environmental protection agency,http://​www.​naturvardsverket​.​se/​upload/​02_​tillstandet_​i_​miljon/​Miljoovervakning​/​rapporter/​halsa/​time-trends-Cd-Pb-Hg.​pdf%20​(visited%20​2011-10-07), –2009 and blood levels of rhodium and platinum in 2009,

36.
Koizumi N, Ohashi F, Ikeda M: Lack of correlation between cadmium level in local brown rice and renal failure mortality among the residents: a nation-wide analysis in Japan. Int Arch Occup Env Health. 2010, 83: 333-339. 10.1007/s00420-009-0472-z.CrossRef

37.
Lin-Tan DT, Lin JL, Yen TH, Chen KH, Huang YL: Long-term outcome of repeated lead chelation therapy in progressive non-diabetic chronic kidney diseases. Nephrol Dial Transplant. 2007, 22: 2924-2931. 10.1093/ndt/gfm342.CrossRef

38.
Evans M, Fored CM, Nise G, Bellocco R, Nyren O, Elinder CG: Occupational lead exposure and severe CKD: a population-based case–control and prospective observational cohort study in Sweden. Am J Kidney Dis. 2010, 55: 497-506. 10.1053/j.ajkd.2009.11.012.CrossRef

39.
Lai LH, Chou SY, Wu FY, Chen JJ, Kuo HW: Renal dysfunction and hyperuricemia with low blood lead levels and ethnicity in community-based study. Sci Total Environ. 2008, 401: 39-43. 10.1016/j.scitotenv.2008.04.004.CrossRef

40.
Navas-Acien A, Tellez-Plaza M, Guallar E, Muntner P, Silbergeld E, Jaar B, Weaver V: Blood cadmium and lead and chronic kidney disease in US adults: a joint analysis. Am J Epidemiol. 2009, 170: 1156-1164. 10.1093/aje/kwp248.CrossRef

41.
Evans M, Elinder CG: Chronic renal failure from lead: myth or evidence-based fact?. Kidney Int. 2011, 79: 272-279. 10.1038/ki.2010.394.CrossRef

42.
Nuyts GD, Daelemans RA, Jorens PG, Elseviers MM, Van de Vyver FL, De Broe ME: Does lead play a role in the development of chronic renal disease?. Nephrol Dial Transplant. 1991, 6: 307-315. 10.1093/ndt/6.5.307.CrossRef

43.
Edwards JR, Prozialeck WC: Cadmium, diabetes and chronic kidney disease. Toxicol Appl Pharmacol. 2009, 238: 289-293. 10.1016/j.taap.2009.03.007.CrossRef

44.
Schwartz GG, Il’yasova D, Ivanova A: Urinary cadmium, impaired fasting glucose, and diabetes in the NHANES III. Diabetes Care. 2003, 26: 468-470. 10.2337/diacare.26.2.468.CrossRef

45.
Hippisley-Cox J, Coupland C: Predicting the risk of chronic kidney disease in men and women in england and wales: prospective derivation and external validation of the QKidney scores. BMC Fam Pract. 2010, 11: 49-10.1186/1471-2296-11-49.CrossRef

46.
Hwang SJ, Tsai JC, Chen HC: Epidemiology, impact and preventive care of chronic kidney disease in Taiwan. Nephrology (Carlton). 2010, 15 (Suppl 2): 3-9.CrossRef

47.
Lash JP, Go AS, Appel LJ, He J, Ojo A, Rahman M, Townsend RR, Xie D, Cifelli D, Cohan J: Chronic renal insufficiency cohort (CRIC) study: baseline characteristics and associations with kidney function. Clin J Am Soc Nephrol. 2009, 4: 1302-1311. 10.2215/CJN.00070109.CrossRef

48.
Wennberg M, Bergdahl IA, Hallmans G, Norberg M, Lundh T, Skerfving S, Stromberg U, Vessby B, Jansson JH: Fish consumption and myocardial infarction: a second prospective biomarker study from northern Sweden. Am J Clin Nutr. 2011, 93: 27-36. 10.3945/ajcn.2010.29408.CrossRef

49.
Donadio JV, Grande JP: The role of fish oil/omega-3 fatty acids in the treatment of IgA nephropathy. Semin Nephrol. 2004, 24: 225-243. 10.1016/j.semnephrol.2004.01.004.CrossRef

50.
Fassett RG, Gobe GC, Peake JM, Coombes JS: Omega-3 polyunsaturated fatty acids in the treatment of kidney disease. Am J Kidney Dis. 2010, 56: 728-742. 10.1053/j.ajkd.2010.03.009.CrossRef



Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
JNS carried out statistical analyses, drafted the first manuscript version, and coordinated the manuscript preparation together with BB and IAB. MS took part in manuscript preparation and participated in the design of the study. BB took part in data management. SE, GH, and S Schön took part in study design and data collection. TL carried out all laboratory analyses. S Skerfving and IAB took part in study design and manuscript preparation. All authors contributed to the interpretation of the results, read, and approved the final manuscript.


OEBPS/sidebar.gif





OEBPS/A12940_2012_Article_615_Fig2_HTML.jpg
Cases identified with end- stage renal

disease by linkage to S|
n=139
(NSHDS n=91;MIDCS n=48)

Available blood samples
n=508

127 cases and 381 c

H 20; ses/240 controls]

7 cases/141 controls)

Available umsn.en.i.ahlood samples

and 381
[NSHDSn—314 74 caseS/Z4D ccn(rcls)
(MDCS n=188; 47 cases/141 controls)

lead and cadmlum analyses

(118 cases and 347 contrc!s)
cury analyses
=330

SRR=Swedish Renal Register

MDCS=Malmoe Diet and Cancer study





OEBPS/A12940_2012_Article_615_Fig3_HTML.jpg
=3 i i
%;EL:&,:S ;‘Tm ;“Tg Pl





OEBPS/contact.gif





OEBPS/A12940_2012_Article_615_Fig1_HTML.jpg
The Malmoe Dietand
Cancer stud

linkage

and Disease Study

1985

T
1990

T T
1995 2000

T
2005 2010





