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Abstract
Objectives—To evaluate the suitability of
á-1-microglobulin as a marker for cad-
mium induced renal dysfunction.
Methods—á-1-Microglobulin was studied
in a cross sectional survey in relation to
the body burden of cadmium. Concentra-
tions of á-1-microglobulin in 24 h urine of
831 people aged 2–87 years were analysed
in association with urinary cadmium
excretion, cadmium blood concentration,
age, sex, occupational and smoking his-
tory, and estimated creatinine clearance.
Participants came from a population resi-
dentially exposed to cadmium and from
two control populations matched for
socioeconomic status.
Results—The excretion of á-1-
microglobulin / 24 h ranged from 0.1 mg to
176.3 mg and 44.4% of samples showed
concentrations near the detection limit.
Ordinal logistic regression analysis of peo-
ple of all ages identified a high risk only for
males compared with females (odds ratio
(OR) 2.14; 95% confidence interval (95%
CI) 1.56 to 2.94), age group, and duration
of living on contaminated soil (OR 1.03 /
year; 95% CI 1.02 to 1.04), but not urinary
cadmium excretion (OR 1.30; 95% CI 0.96
to 1.77) as significant predictors. For
people <50 years of age a weaker eVect of
sex (OR 1.76; 95% CI 1.13 to 2.73) and age
group and an eVect of similar magnitude
for the duration of soil exposure (OR 1.03;
95% CI 1.01 to 1.04) were found. Also, the
urinary cadmium excretion (OR 2.26; 95%
CI 1.38 to 3.70) and occupational exposure
(OR 1.71; 95% CI 1.03 to 2.83) were found
to be significant in this younger age group.
The estimated creatinine clearance had no
significant impact on the á-1-
microglogulin excretion.
Conclusion—á-1-Microglobulin is a suit-
able marker for early tubular changes only
for people <50 years. It may not be
suYciently specific for cadmium, and
therefore not a suitable surrogate for
cadmium exposure in epidemiological
studies.
(Occup Environ Med 1998;55:440–445)
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Cadmium induced renal dysfunction is known
to be a threshold process characterised by an
increased urinary excretion of proteins once
the detoxicating eVect of metallothioneine has
been exhausted.1–6 As long as the glomerular
filtration rate exceeds 30 ml/min, low molecu-

lar weight proteinuria represents tubular
damage.7 8 The three main groups of markers
of tubular proteinuria are enzymes, kidney
antigens, and low molecular weight
proteins.2 7 9–11 However, none of the widely
available markers of tubular dysfunction have
so far been found to be suitable to appropri-
ately characterise renal dysfunction in
populations exposed to cadmium. Even though
renal eVects of environmental exposure to
cadmium have been studied in several
countries,5 12–14 only a few15–18 studied the
relation between cadmium and á-1-micro-
globulin.

á-1-Microglobulin is stable in acid urine
unlike some other commonly used biomarkers
of tubular damage such as â-2-globulin. Its
blood concentrations are relatively stable,
being only aVected by severe liver disease or
renal failure.17 19 20 It has therefore been sug-
gested that the health risk assessment of popu-
lations environmentally and occupationally
exposed to cadmium could be greatly en-
hanced if á-1-microglobulin was found to be an
appropriate marker for this cadmium eVect.19 20

The aim of this study was to evaluate the
suitability of á-1-microglobulin as a marker of
cadmium induced renal dysfunction for epide-
miological studies.
Data derived from a population based study

were used. The body burden and health of
people living in a housing estate with soil con-
taminated with arsenic, heavy metals, and
polychlorinated dibenzodioxins and furans
(PCDD/F) was compared with two control
estates. Medians of heavy metal concentrations
in soil from 248 samples were 52.5 mg/kg for
arsenic, 182.0 mg/kg for lead, 4.2 mg/kg for
cadmium, and 1.8 mg/kg for mercury. The
median PCDD/F concentration from 16 sam-
ples was 696 ng/kg toxicity equivalents
(TEQ).21 The given exposure situation oVered
the opportunity to analyse the association
between cadmium body burden and á-1-
microglobulin over a wide range of values of
cadmium body burden.

Materials and methods
STUDY DESIGN AND SAMPLE

The design of the study was cross sectional.
During 1992 all residents of a contaminated
suburb of Hamburg (Germany) and two
control areas with similar socioeconomic status
were oVered a medical examination including
blood and urine testing. In total 1120 people
responded to the initial call for participation,
providing information about their address, age,
sex, and duration of residence in the settle-
ment. Out of these 1033 had their blood
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samples taken, 913 collected urine for 24
hours, and 915 participated in a detailed face
to face interview. This was equivalent to a
response rate of 80% in the exposed estate and
35% and 13% respectively in the two control
groups.21 Data on blood and urine samples
were complete for 831 people, and for 732 of
these, interview data were complete. The
descriptive analyses of this paper were based on
the number of observations available for each
item, the analytical analysis was based on only
on the subset for which a complete data set was
available.

DATA COLLECTION

The data collection was conducted by the
NORDIG Institute of Health Research and
Prevention, Hamburg, in a refurbished house
within the contaminated housing estate and in
a container on a local school ground in the
control area. Participating people were given a
code number when they came into contact with
the study team for the first time. During later
visits coded documents were used. Blood and
urine samples were collected in cadmium free
devices. All laboratories received coded sam-
ples and were blinded towards the allocation of
individual samples to study or control groups
or personal details. Standard urine stix were
used to test spot urine at the occasion of the
collection of blood samples. Collection devices
for the collection of 24 hour urine were handed
out when blood samples were collected. These
were returned to the study team at varying
intervals (days to weeks) after the blood test.

MEASUREMENT OF CADMIUM AND

á-1-MICROGLOBULIN

The urinary excretion of cadmium and á-1-
microglobulin were both measured as the con-
centration in 24 hour urine. These concentra-
tion values can be adjusted by either
calculating the excretion / 24 h or by adjusting
for urinary creatinine excretion. Excretion / 24
h and creatinine adjusted excretion of cad-
mium and á-1-microglobulin had a correlation
of 0.93 (Spearman rank correlation) in the data
presented here. As the eVect of cadmium on
urinary creatinine is not well described and
more observations were available for the excre-
tion / 24 h, all data are presented as excretion /
24 h.
The cadmium concentration in blood and in

24 hour urine was measured with atomic
absorption photometry with a graphite oven at
the Institute for Hygiene, Gelsenkirchen, Ger-
many. The detection limit was 0.1 µg/l. Quality
controls were conducted daily.
The measurement of á-1-microglobulin was

carried out with LC-Partigen immunodiVu-
sion plates (BEHRING) with polyclonal
antiserum against human á-1-microglobulin
at the Kramer Laboratory Association,
Geesthacht, Germany.22 The concentration
measurement was calculated by firstly reading
the diameter of the precipitates. The accuracy
of these readings was 0.1 to 0.2 mm. The
squares of diameters of the precipitate rings
were then used to calculate the concentration
of á-1-microglobulin against three standard

solutions tested simultaneously.22 The lowest
detectable urinary concentration was de-
scribed by the manufacturer of the assay as 0.3
mg/l; for this study a detection limit of <0.5
mg/l was used. The excretion of á-1-
microglobulin / 24 h was calculated by multi-
plying the concentration measurements with
the volume of urine. For all further statistical
analysis values of the excretion of á-1-
microglobulin <2.05 mg/24 h were assigned a
fixed value of 0.1 mg/24 h. The maximum
excretion was 2.05 mg/24 h for people with a
concentration measurement at the detection
limit of 0.5 mg/l.

QUESTIONNAIRE

Interviews were conducted face to face at
respondents’ homes by trained and supervised
interviewers. The questionnaire was designed
for the purpose of the study. For this paper cer-
tain items from the questionnaire were used:
smoking history since 1946, likelihood of
occupational exposure to heavy metals since
1946 based on job categories, duration of living
on contaminated soil, intake of analgesics and
heart medication during the past year, and
socioeconomic status.
The smoking history was calculated with

pack-years of cigarettes smoked. Non-smoking
periods of <1 year were considered as non-
interrupted smoking. The duration of living on
contaminated soil was calculated in years. A
value of zero years of residence on contami-
nated soil was assigned to people from the con-
trol groups. The intake of analgesics and heart
medication was calculated as the sum of the
number of days during the past year with intake
of either self purchased or doctor prescribed
preparations. The socioeconomic status was
calculated with three elements: the highest
completed school education, completed
professional education, and present profession.
The final variable was calculated as the mean of
training status and present professional status
with a maximum score of 100.21 For the analy-
sis of the potential influence of occupational
exposure to cadmium, lead, and mercury, 71
professions were classified as having possible
occupational exposure. People with at least one
working period (out of a maximum of eight) in
one of these 71 professions were classified as
potentially exposed through their occupation.

STATISTICAL ANALYSIS

All statistical analysis was performed with the
SAS statistical package.23 For the analysis of the
association between cadmium excretion / 24 h
and á-1-microglobulin, ordinal logistic
regression was used categorising á-1-
microglobulin into five groups.24 This was con-
sidered the method of choice for the analysis,
because of the bimodal frequency distribution
of á-1-microglobulin in both the exposed and
the control groups (figure). Alternatively ordi-
nary logistic regression analysis could have
been used. This would have required a normal
distribution of residuals, therefore all observa-
tions below the detection limit would have to
be excluded. Also, it was judged to be inappro-
priate in a population based study of people of
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varying ages to define a threshold concentra-
tion to dichotomise the data.25 The four
categories above the detection limit were
chosen to include roughly equal numbers of
subjects. The categories therefore were: < 2.05
mg/24 h (n=434), 2.1–5 mg/24 h (n=92), 5.1–
8.5 mg/24 h (n=104), 8.6–15 mg/24 h
(n=107), and >15 mg/24 h (n=94). The
resulting odds ratios (ORs) represent a meas-
ure of likelihood to cross a given boundary of
values of á-1-microglobulin in the presence of
the predictor with all remaining variables held
constant. For linear predictors—such as the
excretion of cadmium in the urine—the
parameter estimate gives the mean odds per
unit increase of the predictor with the remain-
ing variables held constant. The 95% confi-
dence intervals (95% CIs) of the OR were cal-
culated with the normal approximation.

Results
CHARACTERISTICS OF THE SAMPLE

Tables 1 and 2 present the distribution of the
relevant characteristics in the total population
and the study population stratified by exposure
status. The median (range) age of the partici-
pants was 46 (2–87) years. The median age in
the exposed group was three years below that
of the control groups (45 v 48). Forty one par-
ticipants were children below the age of 14, 116
were aged 14–29, 308 were 30–49, 366 were
>50. The people >50 years old represent a
population at high risk of renal dysfunction
induced by cadmium.

Data on the volume of urine collected, serum
creatinine, urine creatinine, the estimated
creatinine clearance, and the data on proteins
in urine did not suggest any influence of expo-
sure status on the discipline collecting the 24
hour urine sample and therefore the dilution of
the urine. The indicators of socioeconomic
status confirmed that the two study popula-
tions were well matched. However, smoking
rates were higher in the exposed group than in
the control groups. Only 12% of spot urine
samples showed a positive reaction to indicate
traces of protein and only one person had a
strongly positive reaction. Even though only a
global indicator of glomerular function, this
result made it even more unlikely that any vari-
ation in glomerular filtration rates could
explain variations in á-1-microglobulin.

DESCRIPTIVE ANALYSIS OF THE CADMIUM BODY

BURDEN AND á-1-MICROGLOBULIN

The mean and median (range) cadmium
excretion in 24 h was 0.51 and 0.38 (0.03–3.6)
µg, and the interquartile range was 0.43 µg.
The median in the exposed group was 0.39
µg/24 h compared with 0.36 µg/24 h in the
control groups.
The mean and median (range) concentra-

tion of á-1-microglobulin / 24 h urine was 4.9
and 1.2 (<0.5–146.9) mg/l; 369 people
(44.4%) had a concentration of á-1-
microglobulin <0.5 mg/l. The frequency distri-
bution was bimodal for the exposed group as
well as for the control groups (figure). The
mean and median (range) values of the
excretion of á-1-microglobulin per 24 h were
6.3 and 1.6 (0.1–176.3) mg/24 h. The median
for the exposed group was 3.7 mg/24 h
compared with 1.1 mg/24 h in the control
groups.
Table 3 shows median values, and interquar-

tile ranges of the urinary excretion of á-1-
microglobulin by the urinary excretion of
cadmium/day (5 groups). The median of
á-1-microglobulin increased with increasing
cadmium body burden, reaching a plateau at
cadmium excretions of >0.66 µg/24 h.
Table 4 presents medians and interquartile

ranges per group of á-1-microglogulin for

100

80

60

40

20

0
100

α-1-microglobulin mg/l urine/24 h

%

1010.1 0.5

Control groups
Exposed group

Cumulative frequency distribution of the concentration of
á-1-microglobulin in 24 hour urine.

Table 1 Distribution of relevant characteristics in the study populations (continuous variables)

Continuous variables

Exposed group Control groups Total

n Median IQR n Median IQR n Median IQR

Age (y) 574 45 30 257 48 26 831 46 28
Urine volume collected (ml) 574 1400 850 257 1300 800 831 1400 850
Creatinine in urine (g/24 h)* 531 1.3 0.7 235 1.2 0.6 766 1.3 0.7
Estimated creatinine clearance
(ml/min)†

512 99 36 235 100 37 747 100 38

Serum creatinine (mg/dl) 571 0.9 0.2 254 0.9 0.2 825 0.9 0.2
á-1-microglobulin (mg/l) 574 3.0 7.7 257 0.5 3.2 831 1.2 6.6
á-1-microglobulin (mg/24 h) 574 3.7 9.1 257 1.1 3.4 831 1.6 7.4
á-1-microglobulin (mg/g creatinine) 531 0.3 0.8 235 0.1 0.3 766 0.2 0.7
Cadmium in blood (µg/l) 567 0.7 0.8 257 0.7 0.8 824 0.7 0.8
Cadmium in urine (µg/24 h) 574 0.39 0.42 257 0.36 0.44 831 0.38 0.43

*The creatinine clearance could not be calculated from these data in the standard way, as the serum creatinine concentration was
measured at a diVerent time from the collection of 24 hour urine.
†The creatinine clearance was estimated from the concentration of serum creatinine with the formula:

0.85 ∼× ∼(140-age)∼ × ∼body-weight ∼(kg)
72 ∼× ∼serum ∼creatinine ∼(mg/dl)

for women and the same formula without the factor of 0.85 for men.
IQR = interquartile range; á-1-m=á-1-microblobulin.
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relevant variables. People with higher excretion
of á-1-microglobulin were found to be older;
they had smoked more pack-years of cigarettes,
had a lower socioeconomic profile, had lived
longer in the contaminated housing estate, and
had a higher excretion of cadmium in the
urine. There was no clear indication of higher
levels of systolic or diastolic blood pressure or
of a variation of the intake of analgesics or heart
medication by group of excretion of á-1-
microglobulin. Neither the urine volume col-
lected, the creatinine concentration in serum,
the creatinine concentration in urine, or the
cadmium concentration in blood varied with
the excretion of á-1-microglobulin.
One hundred and eighty eight people aged

>18 were identified as having ever had (since
1946) an occupation with likelihood of expo-
sure to cadmium, lead, or mercury. People in
the occupationally exposed group were 8.8

years older (p <0.0001), had smoked more
(10.9 v 7.0 pack-years, p< 0.001), had a higher
blood pressure (142/89 mm Hg v 136/85 mm
Hg; systolic p=0.0004; diastolic p<0.0014),
had a lower socioeconomic status (median
score out of 100 44.7 v 48.2, p<0.0059), and
had lived longer on contaminated land (21.6 v
15.1 years, p < 0 .0001) than those non-
occupationally exposed. The two groups did
diVer significantly in their urinary excretion of
cadmium / 24 hours (0.57 v 0.49 g; p<0.0014).
The á-1-microglobulin excretion was 9.6
mg/24 h in the exposed group versus 5.0 mg/24
h in the control groups (p<0.0001).

CORRELATION AND REGRESSION

Spearman rank correlations were calculated to
obtain evidence for the inclusion of possible
confounders into the regression between cad-
mium excretion and á-1-microglobulin (table
5). Age, the number of packs of cigarettes
smoked, the systolic and diastolic blood
pressure, the duration of residence on contami-
nated land, the serum creatinine concentra-
tion, and creatinine in urine were significantly
associated with both the cadmium excretion
and the excretion of á-1-microglobulin. They
did, therefore, fulfil the preset criteria to be
included as confounders. Both the serum and
urine creatinine concentrations varied with sex
and age, whereas the estimated creatinine
clearance allowed for both age and sex in its
calculation.Therefore, the estimated creatinine
clearance was included in the final model to
represent any influence of the glomerular
filtration rate on the excretion of á-1-
microglobulin.
An ordinal logistic regression model was

used to analyse the dependency of the
á-1-microglobulin from explanatory variables
(table 6). This was done for the total sample
and separately for the age group <50 years of
age. Models were calculated with a complete
model including all those variables significantly
associated with the excretion / 24 h of cadmium
and á-1-microglobulin with the exception of
the estimated creatinine clearance. Ordinal

Table 2 Distribution of relevant characteristics in the study populations (discrete and
norminal variables)

Discrete and nominal variables

Exposed group Control groups Total

n % n % n %

Females (n=831) 297 51.7 137 53.0 434 52.0
Never smoked (n=732) 227 45.3 119 51.5 346 47.3
Socioeconomic status (n=731):
Score 0–39 145 29.0 73 31.6 218 29.8
Score 40–79 312 62.4 135 58.4 447 61.1
Score 80–100 43 8.6 23 10.0 66 9.0

Occupational exposure ever (n=732) 139 27.7 49 21.2 188 25.7
Heart medication (yes in past year)
(n=732)

41 8.2 11 4.8 52 7.1

Analgesics (yes in past year) (n=732) 96 19.2 34 14.7 130 17.8
Protein in urine* (n=733) 71 12.4 27 10.5 98 11.8

*This test used a semiquantitative urine stix test of spot urine. Any positive reaction was recorded.

Table 3 á-1-Microglobulin/24 h in association with
increasing body burden of cadmium

Cadmium excretion/
24 h (µg)

á-1-Microglobulin/24 h (mg)

n Median IQR

<0.25 266 1.1 5.5
0.26–0.45 220 1.6 6.4
0.46–0.65 146 2.8 7.7
0.66–1.1 125 4.5 9.9
>1.1 74 4.2 11.0

IQR = interquartile range.

Table 4 Relevant variables/group of á-1-microglobulin

Excretion of á-1-microglobulin/24 h (mg)

<2.05 2.05–<5 5–<8.5 8.5–15 >15

n Median IQR n Median IQR n Median IQR n Median IQR n Median IQR

Age (y) 434 42.5 28 92 44.0 30 104 51.5 25 107 48.0 30 94 57.0 22
Pack-years of cigarettes smoked (n) 382 0 11 82 1.77 11 95 1.00 12 95 5.15 19 78 5.19 19
Socioeconomic status (max score
100)

381 47.0 22 82 46.7 27 95 42.5 27 95 46.0 25 78 42.5 26

Blood pressure (mm Hg):
Diastolic 395 80 10 84 80 10 101 90 10 105 90 10 93 90 20
Systolic 395 130 30 84 140 30 101 140 20 105 140 10 93 140 20

Medication (days in past year):
Analgesics 382 3 15 82 7 20 95 8 26 95 3 12 78 6 27
Heart medication 382 0 0 82 0 0 95 0 0 95 0 0 78 0 0

Duration of residence in
contaminated estate (y):

382 8.5 24 82 14 36 95 20 36 95 23 28 78 30 22

Cadmium in urine/24 h (µg) 434 0.32 0.33 92 0.41 0.49 104 0.45 0.40 107 0.44 0.56 94 0.53 0.47
Cadmium in blood (µg/l) 429 0.7 0.8 92 0.7 0.8 104 0.6 0.7 106 0.7 0.8 93 0.7 0.8
Urine volume collected (ml) 434 1500 900 92 1175 695 104 1350 800 107 1250 750 94 1475 700
Creatinine in serum (mg/dl) 429 0.8 0.2 92 0.9 0.2 103 0.9 0.2 107 0.9 0.1 94 1.0 0.2
Creatinine in urine (g/24 h) 396 1.2 0.6 81 1.3 0.7 99 1.4 0.7 101 1.4 0.6 89 1.4 0.8
Estimated creatinine clearance
(ml/min)

395 102 38 80 103 28 95 92 33 97 98 45 80 94 43

IQR = interquartile range.
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logistic regression for the total sample gave sig-
nificant results only for age, sex, and the dura-
tion of living on contaminated soil. The OR for
age categories showed a significant increase
compared with those aged <30 for age groups
30-40, 41–60, and >60. Males showed a 2.14-
fold (95% CI 1.56 to 2.94) higher odds
compared with females. The OR for the dura-
tion of soil exposure was 1.03 / year (95% CI
1.02 to 1.04) resulting in an OR of 1.81 for 20
years of exposure.
The final model for the age group <50 years

diVered from that for the total sample; it also
included the cadmium excretion / 24 h with an
OR of 2.26. We therefore had to conclude that
the excretion of á-1-microglobulin was only
explained by the cadmium body burden in the
younger age group.

Discussion
The distribution of the urinary á-1-
microglobulin excretion was bimodal both in
the exposed and in the control groups.
Analyses took this into consideration with non-
parametric statistical methods and ordinal
logistic regression. This had been previously
applied by Jung et al,15 who studied the spot
urine of 73 healthy people, 36 environmentally
exposed people, and 62 occupationally ex-
posed people. They reported Spearman’s
correlations between the urinary cadmium
excretion and á-1-microglobulin, N-acetyl-â-
glucosaminidase (NAG), retinol binding pro-
tein, and other indicators of tubular and
glomerular dysfunction.
The stratified analysis of the excretion of

á-1-microglobulin with various predictors
identified the urinary cadmium excretion, age,

sex, smoking history, occupational exposure,
duration of soil exposure, and blood pressure
as relevant determinants of á-1-microglobulin.
With regard to the association of á-1-
microglobulin with age, sex, and occupational
exposure, results were consistent with findings
in the literature.16 25–28 The other predictors had
to the best of our knowledge not been
previously studied. The correlation of á-1-
microglobulin with the urinary cadmium
excretion of 0.19 was in agreement with the
study by Jung et al.15

Although several predictors reached signifi-
cance in the bivariate association, the final
multivariate model consisted only of age group,
sex, and the duration of soil exposure if all peo-
ple with a complete set of data were included.
Males showed a twofold odds compared with
females for having values of á-1-microglobulin
above any set cut oV point if the other explana-
tory variables were kept constant. The OR for
duration of soil exposure was low.
Nevertheless, 20 years of soil exposure resulted
in an OR of 1.81. For age a gradient of ORs was
found with higher ORs in older age groups. It
could, therefore, be concluded that age and soil
exposure represented the clinically relevant
determinants of á-1-microglobulin in the
present sample. The glomerular filtration rate
estimated as creatinine clearance did not play
an important part in explaining the excretion of
á-1-microglobulin.
For the age group <50 years the resulting

final model diVered from that for the whole
sample. Although for the whole sample the uri-
nary cadmium excretion was not significantly
associated with the excretion of á-1-
microglobulin in the age group up to 50 years,
a urinary cadmium excretion of 1 µg / 24 h
resulted in an OR of 2.28 for having á-1-
microglobulin values above any set boundary.
This is a very interesting observation because
people >50 years of age are considered to be a
high risk group for renal dysfunction induced
by cadmium. Similarly, occupational exposure
had a significant and stronger eVect for the
younger age group. The influence of duration
of living on contaminated soil showed an effect
of similar magnitude and significance in both
groups. The OR for sex was considerably
higher for the whole sample than for the age
group <50 years thus indicating its stronger
eVect in the older age groups.
The data presented here provide evidence

that the urinary excretion of á-1-microglobulin
is associated with the urinary cadmium excre-
tion only in people of <50 years of age, with
age, sex, and occupational and residential
exposure being other relevant predictors. As
the urinary cadmium excretion was controlled
in the model, the variable “duration of soil
exposure” could be interpreted as a surrogate
for exposure to one or more of the soil
contaminants other than cadmium. Contami-
nants included lead, arsenic, mercury, and
dioxins / furans. Recent studies looking at the
excretion of á-1-microglobulin in workers and
in children exposed to lead,29 31 concluded that
lead workers with blood lead concentrations
>20.0 µg/dl showed renal dysfunction

Table 5 Spearman correlation between predictors and the urinary excretion of
á-1-microglobulin and cadmium

Predictors n

á-1-microglobulin/24 h Cadmium in urine/24 h

Correlation
coeYcient p Value

Correlation
coeYcient p Value

Cadmium excretion in urine/24 h 831 0.19 0.0001 — —
Age 831 0.24 0.0001 0.35 0.0001
Pack-years of cigarettes 732 0.16 0.0001 0.21 0.0001
Socioeconomic status 731 −0.007 0.8502 −0.07 0.0540
Blood pressure, diastolic 778 0.15 0.0001 0.15 0.0001
Blood pressure, systolic 778 0.13 0.0002 0.17 0.0001
Cadmium concentration in blood 824 −0.01 0.7695 0.13 0.0001
Residence on contaminated soil 732 0.29 0.0001 0.13 0.0006
Analgesics 732 0.03 0.3042 0.02 0.6354
Heart medication 732 0.12 0.0008 0.01 0.7343
Occupational exposure 732 0.21 0.0001 0.12 0.0014
Serum creatinine 825 0.30 0.0001 0.13 0.0003
Creatinine in urine 766 0.18 0.0001 0.11 0.0015
Estimated creatinine clearance 747 −0.12 0.0006 −0.07 0.0537

Table 6 Association between á-1-microglobulin and predictors

Predictor
<50 y (n=431)
OR (95% CI)

Complete sample (n=732)
OR (95% CI)

Cadmium excretion/24 h (µg) 2.26 (1.38 to 3.70) 1.30 (0.96 to 1.77)
Sex (male = 1, female = 0) 1.76 (1.13 to 2.73) 2.14 (1.56 to 2.94)
Age-group 1: >30–40 y 1.71* (1.02 to 2.86) 1.84* (1.13 to 3.00)
Age-group 2: >40–50 y 1.42 (0.83 to 2.42) 1.59 (0.95 to 2.66)
Age-group 3: >50–60 y — 2.23 (1.30 to 3.84)
Age-group 4: >60 y — 2.55 (1.47 to 4.42)
Occupational exposure (yes/no) 1.71 (1.03 to 2.83) 1.28 (0.90 to 1.81)
Estimated creatinine clearance 1.001 (0.996 to 1.006) 0.999 (0.994 to 1.004)
Duration of soil exposure (y) 1.03 (1.01 to 1.04) 1.03 (1.02 to 1.04)
Joint significance of explanatory variables ÷2 61.7, df 7, p=0.0001 ÷2 108.2, df 9, p=0.0001

*Odds ratio calculated with age group up to 30 years as reference.
df = degrees of freedom.
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represented by a significant increase of the uri-
nary á-1-microglobulin excretion.29 However,
other studies found no association between the
excretion of â-2-microglobulin or á-1-
microglobulin and exposure to lead .29

The evidence presented here points towards
a high sensitivity of á-1-microglobulin to indi-
cate renal tubular damage specific to cadmium.
However, chronic cadmium exposure as ex-
pressed by the urinary cadmium excretion only
partly explained the á-1-microglobulin excre-
tion in the age group <50 years of age and was
non-significant if people of all ages were
included. This could be biologically plausible if
cadmium body depots in a proportion of older
people were emptied due to manifest renal
damage.5 13 The total sample might include a
relevant proportion of people in whom the
cadmium excretion is no longer correlated with
cadmium body burden. Further studies about
the time and exposure pattern of changes of the
urinary excretion of cadmium and á-1-micro-
globulin, as well as blood lead concentrations,
will be needed to fully understand how the
renal tubules respond to diVerent influencing
factors by increasing the excretion of á-1-
microglobulin.

Conclusion
á-1-Microglobulin is a suitable marker for early
tubular changes only for people<50 years. The
excretion of á-1-microglobulin increases with
increasing body burden of cadmium. However,
in epidemiological studies urinary á-1-
microglobulin excretion is not a suitable surro-
gate for renal dysfunction induced by cadmium
as other environmental and occupational expo-
sures influence the excretion. Yet, if the exact
composition of the underlying exposure is not
of prime interest, testing for á-1-microglobulin
may provide a valuable measure of early tubu-
lar renal changes. Alternatively, the combina-
tion of á-1-microglobulin with other biological
markers such as retinol binding protein should
be considered in future epidemiological re-
search.
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Denise Howel (Department of Epidemiology and Public
Health,Newcastle) on previous drafts of this paper are gratefully
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