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Objectives The purpose of this study was to search for evidence of an association between occupatio~lal 
arsenic exposure and diabetes mellit~ls, as implied by the rclation of this disease to arsenic in drinking water in a 
recent study from Taiwan. 
Methods A case-referent analysis on death records of 5498 individuals in the art glass producing part of 
southeastern Sweden was performed. Out of all the enrolled subjects, 888 were glass worlters. According to 
occupational title, glassblowers, foundry workers, and unspecified workers were regarded as potentially ex- 
posed to arsenic. Persons with a diagnosis of diabetes mellitus either as an underlying or contributing cause of 
death were considered cases. Referents were decedents without any indication of cancer, cardiovascular disease, 
or diabetes. 
Results A slightly elevated risk [Mantel-Haenszel odds ratio (MH-OR) 1.2,95% confidence interval (95% CI) 
0.82-1.81 was found for diabetes mellitus among the glassworl<s employees, especially in combination with 
cardiovascular disease (MH-OR 1.4, 95% CI 0.81-2.3). For the glassblowers, other foundry workers and 
unspecified glassworkers probably exposed to arsenic, the M-H odds ratio was 1.4 (95% CI 0.92-2.2). 
Unspecified glass workers, who probably included persons with high exposure, carried the higher risk (MH-OR 
1.8, 95% CI 1.1-2.8). 
C O ~ ~ ~ U S ~ O ~ S  The observations from this study provide limited support for the possibility that occupational 
arsenic exposure could play a role in the development of diabetes inellitus. Many other metallic compounds are 
also used in art glass production, however, and there is a possibility of confounding. 
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Recently a study from Taiwan associated diabetes melli- 
tus with exposure to arsenic in drinking water (1). Expo- 
sure to arsenic through drinking water is usually not a 
major health problem, except in some areas with abnor- 
mally high concentrations (2). There are many other situ- 
ations that entail arsenic exposure, however, as summa- 
rized elsewhere (3). For example, a well-ltnown occupa- 
tional exposure to arsenic has occurred among copper 
smelter workers. Both worker groups and the general 
population can be exposed to organic and inorganic ar- 
senic through the use of pesticides and wood preserva- 
tives. Another source of arsenic exposure has been the 
treatment of psoriasis with Fowler's solution. 

In the glass industry, arsenic trioxide is used as a 
fining agent in the mixing of molten glass and in the 
removal of air bubbles during the melting process (4). 
Arsenic can also be used as a decoloring agent. Employ- 

ment in glassworlts therefore means potential exposure 
to arsenic, but it also involves exposure to many other 
chemicals, especially metallic compounds, including 
lead, cadmium, nickel, chromium, copper, and selenium. 

111 view of the recent report (1)  that diabetes mellitus 
may be related to arsenic exposure, we have analyzed 
existing case-referent data from the Swedish art glass 
industry to determine whether there was evidence to 
support this possible relationship. 

Subjects and methods 

The Swedish glass industry is located in a rather small 
area in the southeaster11 part of the country. The registers 
of deaths and burials in 11 parishes in this part of Swe- 
den for the period 1950-1982 were used as the source 
of subjects for this study. All causes of death were coded 
according to the eighth revision of the International Clas- 
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sification of Diseases (ICD 8) (5). In these parishes, 
5498 men aged 2 45 years had died, 888 of whom were 
identified as glassworks employees. The men with an 
indication of diabetes mellitus either as an underlying or 
contributing cause on the death certificates, as recast in 
the registers, were considered cases. Since, glass work- 
ers were previously shown to have an excess of cancer 
and cardiovascular disease (4), only the persons in the 
area who had died from nonmalignant, noncardiovascu- 
lar, and nondiabetic diseases could be considered proper 
referents. 

The assessment of potential arsenic exposure was 
based on the occupational title, which was specific for 
most subjects in the register of deaths and burials, and on 
our knowledge of the hygienic conditions in the glass 
industry. Since glass workers are skilled, there is consid- 
erable stability among this work force, and this tendency 
is enhanced by few opportunities to do other kinds of 
work in the area where the glass works are located. No 
specific exposure data were available from the past when, 
for example, batch mixing was not yet centralized, as it 
is today. From the registers, it was possible to distinguish 
the following six different occupational categories: (i) 
glassblowers, (ii) other foundry workers, (iii) grinders, 
engravers and similar workers, (iv) etchers, polishers, 
painters and similar workers, (v) controllers, packers and 
similar workers, and (vi) unspecified workers. Arsenic 
exposure was considered likely to have occurred espe- 
cially among glassblowers, other foundry workers, and 
also among unspecified workers, but not to any pertinent 
extent among the other glass workers (ie, the third, fourth 
and fifth categories). 

Those with occupational titles other than glass work- 
ers were considered to be unexposed and to represent the 
external population. They were mainly fasmers, forestry 
workers, and men in service activities in the rather rural 
area where the glassworks are located. 

In the analyses, crude odds ratios and Mantel-Haens- 
zel odds ratios' (MH-OR) (6) were calculated along with 
the 95% confidence intervals (95% CI). The subjects 
were stratified according to age into the categories 45- 
64, 65-74 and 2 75 years, respectively. 

Results 

When glassworks employment only was considered the 
exposure, there were 41 exposed and 199 unexposed 
cases versus 322 exposed and 1894 unexposed referents, 
the result being a moderately increased risk for diabetes 
mellitus (MH-OR 1.2,95% CI 0.82-1.8). The increased 
risk for diabetes mellitus mainly appeared in combina- 
tion with cardiovascular disease (MH-OR 1.4, 95% CI 
0.81-2.3) and was not clearly elevated in the absence of 
such disease (MH-OR 1 . l ,  95% CI 0.62-1 3 ) .  

When the glass workers were divided into different 
job categories, with glassblowers, foundry workers, and 

unspecified glass workers taken together as probably 
exposed to arsenic, the risk of diabetes mellitus was 
moderately increased when they were compared with 
those in the area who had not been employed in the glass 
industry (MH-OR 1.4, 95% CI 0.90-2.1) (table 1). As 
also shown in the table, grinders, etchers, cutters, pack- 
ers, controllers, and the like (third, fourth, and fifth cate- 
gories), who probably had little or no exposure to ar- 
senic, had no increased risk of diabetes mellitus. 

In table 2, glassblowers, other foundry workers, and 
unspecified glass workers were considered exposed to 
arsenic, and the referents were the external population 
along with the categories of glass workers less likely to 

Table 1. Cases (persons with diabetes mellitus) and referents (de- 
ceased from causes other than cardiovascular disease, cancer and 
diabetes mellitus) in the unexposed group and in the categories of 
glass workers probably exposeda or unexposedb to arsenic. 

Age Unexposed Glassworkers Glassworkers 
group (N) likely likely 

unexposed exposed 
(N) (N) 

45-64 years 
Cases 37 1 3 
Referents 283 27 48 

65-74 years 
Cases 51 3 9 
Referents 41 6 33 53 

2 75 years 
Cases 111 6 19  
Referents 1195 53 108 

All ages 
Cases 199 10 31 
Referents 1894 113 209 

Crude odds ratio (1 .o) 0.8 1.4 
Mantel Haenszel 
odds ratio (1 .o) 0.8 1.4 
95% confidence interval - 0.39-1.6 0.90-2.1 

a Glassblowers, other foundry workers and unspecified workers. 
I, Grinders, engravers and similar workers, etchers, polishers painters and 

similar workers, controllers, packers and similar workers 

Table 2. Cases of diabetes mellitus and referents as in table 1, 
with both glass workers without clear exposure to arsenic and all 
others in the study base (ie, not glass workers) being considered 
unexposed. Stratification as in table 1 not shown. (OR = odds ra- 
tio, MH-OR = Mantel Haenszel odds ratio, 95 % CI = 95% confi- 
dence interval) 

Exposure Referents Cases OR MH-OR 95% CI 
categories 

All unexposed 
(referents) 2007 209 (1.0) (1.0) 
All exposed 
categories 209 31 1.4 1.4 0.92-2.2 

Glassblowers and 
other foundry workers 74 6 0.8 0.8 0.30-1.9 
Unspecified 
glass workers 135 25 1.8 1.8 1.1-2.8 
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have had contact with arsenic (ie, third, fourth, and fifth 
categories). In this comparison, the risk of diabetes mel- 
litus was moderately increased for all the exposed per- 
sons (MH-OR 1.4, 95% CI 0.92-2.2). The subgroup of 
unspecified glass workers proved to carry the risk when 
it was compared with the same reference (MH-OR 1.8, 
95% CI 1.1-2.8). When the combination of cardiovas- 
cular disease and diabetes mellitus was considered the 
case entity and the subset of unspecified glass workers 
was cornpared with the external population, the Mantel- 
Haenszel odds ratio rose to 2.1 with a 95% confidence 
interval of 1.2-3.7 (not shown in table). 

Discussion 
Mortality studies have been widely used to generate epi- 
demiologic knowledge, despite the inherent limitations 
in the character of the data involved. Although based on 
limited numbers, moderately increased odds ratios, and 
relatively broad confidence intervals, the results of this 
study support the newly suggested hypothesis from Tai- 
wan that exposure to arsenic might influence the devel- 
opment of diabetes Inellitus (1). Diabetes mellitus is an 
important determinant of ischemic heart disease, and 
51 % of the exposed diabetics in this study died of casdio- 
vascular disease as a primary cause of death. Another 
7% of the exposed diabetic patients died of cancer as a 
primary cause of death. Among the unexposed diabetic 
patients, 42% died of cardiovascular disease and 8.5% 
died of cancer. 

To some extent this mortality pattern resembles ob- 
servations on populations with exposure to arsenic in 
drinking water in Chile, Mexico, and Taiwan, where a 
relation between inorganic arsenic and peripheral vascu- 
lar disease and ischemic heart disease has been observed. 
An excess of cardiovascular disease has also been report- 
ed earlier for our glass worker population, as well as for 
other persons occupationally exposed to arsenic (4,7, 8). 
To some extent, this pattern also seems consistent with 
the suggestion by the Taiwanese investigators (1) that 
the elevated risk of cmdiovascular disease in populations 
with arsenic exposure might have some background in 
an increased occurrence of diabetes mellitus. 

The assessment of exposure in this study was less 
precise but still comparable to that in many other studies 
when based on job categories (eg, with the use of job 
exposure matrices). 111 view of the improved hygienic 
situation in the glass industry, there is no way to recon- 
struct historical dose estimates more precisely by hygi- 
enic surveys in today's glassworks. A dusty environment 
was present in the foundry in the past, especially in the 
mixing of the glass batch. In Sweden, this task has now 
been centralized to one special plant due to the hygienic 
problems involved in this procedure. 

There are no historical exposure data available, but in 
the late 1980s a few air measurements in the Swedish 

glassworks revealed arsenic levels of less than 6 pg . m-3 
(10). In Norway arsenic levels between 3 and 48 pg . m-3 
have been measured in crystal glassworks (1 I), and from 
Italy levels of 5-619 pg . m-3 have been reported for 
batch mixers and 0.6-3 pg . m" for glassblowers and 
foundry workers (12). Prior to the introduction of cen- 
tralized batch mixing, such levels are likely to have oc- 
curred in the Swedish glass industry as well. 

The elevated risk of diabetes mellitus was found in 
the group of unspecified workers. It is likely that many 
glass workers with arsenic exposure, such as the batch 
mixers of the past, are included in this category, as they 
would not fit elsewhere. Furthermore, in a sample of our 
study population, we checked the occupational titles from 
the registers with information on the same persons given 
by the local representatives of the labor union and found 
that 59% of the unspecified glassworkers had worked in 
the foundry, 17% of them as glassblowers (13). These 
unspecified glassworkers also had elevated risks for car- 
diovascular disease and for cancer of the stomach, colon, 
and lung. 

No information on smoking habits, dietary habits, or 
other life-style factors could be accounted for. Differ- 
ences in these respects cannot be ruled out as playing 
some role in the results obtained, but confounding effects 
from such general factors are likely to be weak (14). 

Finally there are also some experimental findings 
that can be considered supportive of a relationship be- 
tween arsenic exposure and diabetes mellitus (13). Initial 
triphasic blood glucose response and transient secondary 
hyperglycemia were found in mice injected with hydrox- 
ylamine plus arsenite, and delayed hypoglycemia was 
observed in those treated with fluoroacetate or arsenite. 
From the same study, glucose-induced insulin secretion 
was significantly decreased in isolated pancreatic islets 
incubated with hydroxylamine plus arsenitc (15). 

The possible connection between long-term exposure 
to inorganic arsenic and diabetes mellitus has only re- 
cently attracted interest in view of the study from Taiwan 
(1). To our knowledge no other studies have been pub- 
lished as yet that convincingly support this possible rela- 
tionship. We have reconsidered our data from a copper 
smelter (8), however, and found some support for an 
increased risk of diabetes in connection with arsenic 
exposure also in this population (16). It is suggested 
therefore that various sources of arsenic exposure might 
be considered for further studies to confirm or refute 
more definitely the indications obtained of a diabetogen- 
ic effect. Further toxicologic work seems to be needed as 
well. 
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