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Could low-level background exposure
to persistent organic pollutants
contribute to the social burden of type 2
diabetes?
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Persistent organic pollutants may contribute to cause diabetes

P
ersistent organic pollutants (POPs)
include hundreds of different chem-
ical compounds with common prop-

erties, such as long-term persistence,
widespread diffusion in the environment
and bioaccumulation through the food
chain.1–3 In various species, POPs are linked
to cancer, neurobehavioural disorders,
impaired immunity, endocrine problems
and reproductive disorders. Most epide-
miological findings to date have focused
on people with high exposure to POPs
in occupational or accidental settings,
whereas people without such high expo-
sure have been much less studied; with
few exceptions, this approach has uncov-
ered only modest associations with various
health outcomes.2 4

POPs are detectable in virtually all of
the general population, most of whom
experience only background exposure
through food consumption1–3; a substan-
tial body of biological, clinical and epide-
miological knowledge suggests that such
chronic low-level exposure is unlikely to
be risk-free. An example useful for the
discussion on this issue is provided by a
recent study conducted by our research
groups in Korea and Minnesota, based on
a random sample of the US general
population—that is, a sample with only
background exposure to POPs.5 The study
found a rather striking positive dose–
response relationship between prevalence
of type 2 diabetes and serum concentra-
tions of several individual POPs, as well as
with a summary or composite of the
serum concentrations of six of the POPs
with highest concentrations. After adjust-
ing for known risk factors for diabetes,
and compared with people with non-
detectable POPs, the prevalence of type 2
diabetes increased by 15–40-fold among
those with detectable concentrations of
POPs.5 Undoubtedly, we should be cau-
tious about this finding: it is cross-
sectional and has not been replicated,
although it is in line with several previous
findings.

Remarkably, no prospective study on
the potential relationship between body

burden of POPs and incident diabetes
has been carried out in the general
population; such studies are urgent. If
all the excess risks observed5 were
causal, the effect on public health could
be huge. This hypothesis is made with
the full understanding that obesity is
the primary risk factor for type 2
diabetes. The study included 463 people
in the lowest quartile of the composite
of the six POPs5; of them, 34% were
overweight and 28% were obese, yet
only one overweight and one obese
person had prevalent diabetes. Both
the 0.4% prevalence in the whole group
of 463 and the 0.7% prevalence in the
287 overweight and obese people are
much lower than the 10.8% prevalence
in the total 2016 men and women
studied. Hence, the hypothesis (again,
unreplicated) is that obesity might be
only weakly associated with diabetes
among people with very low serum
concentrations of POPs, suggesting that
the POPs stored in the adipose tissue
may be a key in the pathogenesis of type
2 diabetes rather than obesity itself. If
this speculation eventually proved to be
true, the current paradigm on the
mechanisms involved in the relationship
between obesity and type 2 diabetes
would need to be reconsidered.

At first, this line of thought may seem
to be contradicted by the observation
that the average body burden of several
POPs has declined in several industria-
lised countries over recent decades,6 a
time when the occurrence of type 2
diabetes has increased in many parts of
the world. However, the study observed
a possible interaction between POPs and
obesity on the risk of type 2 diabetes:
patients in the top decile of the compo-
site of the six POPs had ‘‘only’’ a 16-fold
excess risk of diabetes if they were of
normal weight, whereas the risk of
diabetes was 50-fold among the obese.5

Thus, the recent epidemic of obesity
may explain the finding; as people get
fatter, the retention and toxicity of POPs
related to the risk of diabetes may

increase. In addition, other POPs such
as the brominated flame retardants,
perfluorinated compounds or chlori-
nated paraffins, which are still in wide-
spread use today,7 may be as important
as the POPs that were measured in
the National Health and Nutrition
Examination Survey. In fact, proper
studies—including time-series and age-
period-cohort analyses—on the relation-
ships among POP concentrations in the
general population, obesity and diabetes
are surprisingly lacking. In the past few
decades, exposures are likely to have
varied widely for different POPs; for
example, for pesticides such as dichloro
diphenyl trichloroethane and for indus-
trial products such as polychlorinated
biphenyls (PCBs), which had very differ-
ent time and commercial origins,
dynamics of use and regulations
throughout the planet. The periods,
geographical areas and populations that
they contaminated are likely to have
been very different. The available evi-
dence also suggests that human concen-
trations of some POPs—such as PCBs,
lindane and the other hexachlorocyclo-
hexanes and hexachlorobenzene—may
not have continued to decline in all
countries as steeply as they did initially.
Jointly, all of these dynamic differences
are likely to have had subtle, sometimes
profound, often diverse effects on the
risk of diabetes and other diseases.
Hence, we need in-depth analyses of
the relationships between low-level con-
tamination by POPs of the general
population and obesity, diabetes and
other health effects. Two components of
such studies should be that diabetes and
POPs are measured in human fluids and
that the studies are based on samples of
the general population. These are pre-
cisely two unique strengths of the study
we here use to focus on the discussion.5

Although the findings5 have biological
plausibility from experimental and clin-
ical studies,8–11 it is essential to keep in
mind that they are cross-sectional.
Reverse causality is possible: metabolic
changes caused by diabetes might influ-
ence the distribution and elimination of
lipophilic compounds such as POPs.12

However, the toxicokinetic evidence in
diabetes is weak. Also, if this scenario
were real, much stronger associations
between POPs and diabetes should have
been observed in previous studies than
were observed, because POP exposure
levels were much higher in those stu-
dies13 14 than in our sample.5

Furthermore, the weak association
between obesity and diabetes in the
lowest quartile of the composite of
the six POPs cannot be explained by
the cross-sectional nature of the study.

How could the strength of association
in the study5 be so much stronger than
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in previous studies, despite the much
higher serum concentrations of POPs
that occur after exposure to POPs in
occupational or accidental settings? We
suggest that epidemiological design
considerations played an important
part. Selection of the reference group
may have been a key point. In our study,
the risk of diabetes started to rise
severely from the second quartile of
the composite of the concentrations of
the six POPs with highest concentra-
tions (adjusted odds ratio of about 15
for that second quartile). With such a
steep risk gradient, pooling across
apparently low levels of serum POPs
could result in falsely low relative risk
levels for those with higher exposure to
POPs. Most previous epidemiological
studies have compared people with
exposure to high concentrations of
POPs in an occupational or accidental
setting to the general population with
only background exposure. If our study
is correct and a steep risk gradient exists
across background exposure levels, the
approach used in the previous epide-
miological studies may have substan-
tially underestimated the strength of
association of POPs with disease out-
comes.

The second key point concerns the
shape of the risk function. Despite the
strong risk gradient across serum levels
typical of background exposure, a cor-
rect relative risk estimate would still be
obtained if there were a linear increase
in diabetes risk across the full range of
POP accumulation in serum in response
to background high-level accidental
exposure. Then, the selection of the
reference group would not be so critical.
Although ‘‘routine thinking’’ tends to
dismiss findings as chance if associa-
tions are not monotonic, in health and
life sciences there often is no linear
dose–response relationship. POPs (or
any other exposure) need not show a
linear dose–response relationship with
diabetes (or other health outcomes) for
it to be true and meaningful. Although
the strength of association in our study
tended to increase as the concentrations
of POPs increased, the association was
much steeper across lower background
concentrations than across higher back-
ground concentrations. This reduced
acceleration of risk at higher levels of
exposure to POPs is in agreement with
toxicological findings. Increasing toxi-
city with increasing doses of 2,3,7,8-
tetrachlorodibenzopara-dioxin or some
polychlorinated biphenyls was even fol-
lowed by a plateau or a decrease in
toxicity at their higher doses.15 16

The third key epidemiological design
point has to do with combining risk
from several risk contributors. We eval-
uated a summary and synergic effect of

multiple POPs that are commonly
detected in the general population.1–3

Previous epidemiological studies, how-
ever, focused mostly on exposure to only
one or two POPs in occupational or
accidental settings. By contrast, back-
ground exposure certainly includes a
wide variety of POPs. As background
exposure to POPs in the general popula-
tion is a real problem, epidemiological
studies need to analyse the joint effects
of various kinds of POPs and allow for
the possibility of additive or synergistic
effects of many POPs, as well as for
specific effects of particular POPs.

The association between POPs and dia-
betes detected by our approach is unu-
sually strong. It reflects real conditions of
exposure in most of the general popula-
tion. However, the approach has the
limitation that it will not necessarily
identify which POPs are the actual causal
agents in health, because the focus is
primarily on those POPs that are easier to
detect. Serum concentrations of various
POPs are often correlated, including
those that may be the true causal agents
but exist at very low levels in serum.

Both type 1 and type 2 diabetes have b
cell insufficiency, to a greater or lesser
extent, as part of the pathogenesis.17 18

The b cell toxin streptozotocin, typically
used to induce type 1 diabetes in animals,
can cause type 2 diabetes under certain
conditions.19 We raise the possibility that
exposure to relatively high levels of POPs
during pancreatic development in utero or
in early infancy may lead to the develop-
ment of type 1 diabetes among children,
although the life-time exposure to low
levels of POPs combined with obesity may
be related to type 2 diabetes among
adults. Even though twin studies have
shown that both type 1 and type 2 dia-
betes have a genetic basis, the effects of
most known diabetes-predisposing genes
are weak.17 18 Common exposure to POPs
in utero could be an important linking
factor. The causal role of POPs in diabetes
is likely to be contributory and indirect
(eg, through immunological, non-geno-
toxic and epigenetic mechanisms). On
biological and clinical grounds, easy to
measure ‘‘main effects’’ are implausible.
A proper understanding of how genes and
POPs interact to cause diabetes is impor-
tant both for primary prevention and to
further basic knowledge (on diabetogenic
mechanisms, on genetic toxicology and
on mechanisms of POP effects).

Additional issues need to be tackled
on the possible association of POPs with
type 2 diabetes and other adverse health
outcomes. The concept of toxic equiv-
alency factors, which is strongly linked
to the ability of a chemical to bind to the
aryl hydrocarbon receptor (AhR), was
developed to facilitate risk assessment
and regulatory control of exposure to

complex POP mixtures.20 Thus, studies
sometimes use toxic equivalency factors
to investigate the summary effect of
POPs. However, many findings suggest
that binding to the AhR is not the only
mechanism and may not be the critical
pathway.3 For example, PCB congeners
have differential effects on end points of
neurotoxicity depending on their chem-
ical structure: specifically, the ortho-
substituted congeners that have a low
affinity for the AhR are neurotoxic,
whereas coplanar (dioxin-like) conge-
ners that have a high affinity for the
AhR are relatively inactive in producing
neurotoxic effects.21 In addition, as the
background exposure to POPs comes
from food consumption,1 2 especially ani-
mal fat-containing food such as meat, fish
and dairy products, dietary factors in
POP-containing food may interact with
POPs. Epidemiological studies on diet
often completely overlook the fact that
most of the fat-containing foods have low
doses of POPs.1 Pollutants in foods, such
as POPs, could be as critical to risk as
native constituents in food.

We need to understand the burden of
diabetes to which POPs may contribute.
When the mechanisms linking diet, obe-
sity and diabetes are assessed, POPs
should also be considered.22 Also, we can-
not forget that all of this occurs in specific
societies with distinct causal processes for
obesity, diabetes and exposure to POPs.23
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‘‘Establish your own priorities’’ (because you wouldn’t want anyone to establish
them for you, would you?)

Y
ou should arrange your own priorities and then begin with the last – the first will then
seem less important (for example, sorting mail).

Lowell Levin, JRA
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