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SYLVIA MÜLLER-SCHOLZE, PHD
1

WOLFGANG RATHMANN, MD, MSPH
3

ROLF HOLLE, PHD
4

BARBARA THORAND, PHD, MPH
5

H.-ERICH WICHMANN, MD, PHD
5

OBJECTIVE — Macrophage migration inhibitory factor (MIF) is a central cytokine in innate
immunity. MIF expression can be regulated by glucose and insulin, but data on the association
with type 2 diabetes are sparse. The aim of this study was to test whether MIF is associated with
impaired glucose tolerance (IGT) and type 2 diabetes and whether these associations are inde-
pendent of metabolic and immunological risk factors and to compare the associations of MIF and
IGT/type 2 diabetes with those of C-reactive protein (CRP) and interleukin-6 (IL-6) with IGT/
type 2 diabetes.

RESEARCH DESIGN AND METHODS — The Cooperative Health Research in the
Region of Augsburg/Kooperative Gesundheitsforschung im Raum Augsburg, Survey 4 (KORA
S4) is a population-based survey performed in Southern Germany (1999–2001). Of 1,653
participants aged 55–74 years, 236 patients with type 2 diabetes, 242 subjects with IGT, and 244
normoglycemic control subjects matched for age and sex were included in this cross-sectional
study. Serum concentrations of MIF were measured by enzyme-linked immunosorbent assay.

RESULTS — Serum MIF concentrations are highly increased in individuals with IGT and type
2 diabetes. The associations of MIF with IGT and type 2 diabetes were independent of classical
risk factors and of CRP and IL-6 and were much stronger before and after multivariate adjust-
ment than the associations of CRP and IL-6 with IGT and type 2 diabetes.

CONCLUSIONS — Our data suggest that elevations of systemic MIF concentrations precede
the onset of type 2 diabetes. This finding may be relevant because MIF has been reported to

contribute to the development of type 2 dia-
betes–related diseases such as atherosclerosis
and cancer.
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G iven the fact that macrophage mi-
gration inhibitory factor (MIF) was
initially discovered almost four de-

cades ago, surprisingly little is known
about the physiological function of this
protein. MIF represents an essential
proinflammatory mediator of innate im-
munity in antimicrobial defense and in
the stress response (ref. 1 and references
therein), but in addition has tautomerase/
isomerase and thiol oxidoreductase activ-
ities (2) and might participate in antigen
presentation (3).

Several studies demonstrated an asso-
ciation of MIF expression with obesity. It
has been reported that murine adipocytes
express MIF (4), and we recently also
identified mature human adipocytes as a
cellular source of MIF (5). Importantly,
constitutive expression levels were posi-
tively correlated with donor BMI, which
suggests that MIF may be an obesity-
dependent mediator of macrophage infil-
tration of obese adipose tissue. Ghanim et
al. (6) found elevated MIF mRNA in pe-
ripheral blood mononuclear cells of obese
patients and increased MIF plasma con-
centrations in obesity, which could be
lowered by the antidiabetic drug met-
formin (7). Although it is indeed known
that MIF expression can be regulated by
insulin and may be associated with insu-
lin resistance (8–10), data on the poten-
tial association between MIF and type 2
diabetes are sparse (11).

Therefore, the two main aims of this
case-control study based on the Cooper-
ative Health Research in the Region of
Augsburg, Survey 4 (KORA S4) were 1) to
test whether MIF is associated with IGT
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and/or type 2 diabetes independent of
metabolic syndrome–related clinical and
immunological risk factors and 2) to com-
pare odds ratios (ORs) of association with
those for C-reactive protein (CRP) and
interleukin-6 (IL-6) as previously de-
scribed risk factors of type 2 diabetes.

RESEARCH DESIGN AND
METHODS — The KORA S4 (previ-
ously designated KORA Survey 2000 or
KORA S2000) study population, labora-
tory, and statistical methods have been
described extensively (12,13). Briefly, the
KORA S4 studied a sample of the adult
general population of German nationality
in the region of Augsburg recruited from
October 1999 to April 2001. The study
was conducted in accordance with the
Declaration of Helsinki as revised in
1996, including written informed con-
sent of all participants and approval by
the local ethics committee. In the age
range of 55–74 years, 1,653 persons par-
ticipated in a standardized interview fol-
lowed by biochemical and clinical
analyses. An oral glucose tolerance test
(OGTT) and biochemical and immuno-
logical analyses were performed as de-
scribed (12). The standardized protocol
for the OGTT required fasting from 10.00
P.M. in the evening before the visit until
8.00–11.00 A.M. the next day. This stan-
dardization is important because circulat-
ing MIF levels vary by circadian rhythm
(14). Diabetes was diagnosed according
to the 1999 World Health Organization
criteria. A total of 236 individuals with
type 2 diabetes (137 men and 99 women)
and 242 with IGT (130 men and 112
women) were available for analysis; 244
normoglycemic control subjects (137
men and 107 women) were randomly se-
lected after frequency matching for age
and sex. Blood samples were fasting in
nondiabetic subjects and in 120 subjects
with type 2 diabetes diagnosed during the
survey and mostly nonfasting in 116 sub-
jects with type 2 diabetes previously diag-
nosed by their treating physicians
(mean � SD duration from diagnosis
9.1 � 6.7 years). Subjects who had posi-

tive results for GAD autoantibodies were
excluded.

Sociodemographic, clinical, and
laboratory measurements
Standardized interviews and medical ex-
aminations were conducted by trained
medical staff (mainly nurses). All assess-
ment procedures and standard laboratory
methods used to determine LDL choles-
terol, HDL cholesterol, uric acid, plasma
CRP, and serum IL-6 have been described
elsewhere in detail (12,13). Hypertension
was defined as use of antihypertensive
treatment or systolic blood pressure
�140 mmHg or diastolic blood pressure
�90 mmHg. Data on CRP and IL-6 have
been published before (12). Serum con-
centrations of MIF were measured by
sandwich enzyme-linked immunosor-
bent assay using an antibody pair and re-
combinant MIF from R&D Systems
(Wiesbaden, Germany). Intra- and inter-
assay variations were �10 and 17.4%, re-
spectively. Samples with MIF or IL-6
concentrations below the detection limit
of 34.7 and 0.24 pg/ml, respectively, were
assigned a value of 0.5 of the detection
limit (n � 10 for MIF; n � 46 for IL-6).

Statistical analyses
Data with Gaussian distribution were de-
scribed by means � SD and all other con-
tinuous variables by median and 25th–
75th percentiles. Differences among
subjects with IGT or type 2 diabetes
versus control subjects were analyzed by
unpaired t test or Wilcoxon test, respec-
tively. For dichotomous variables, abso-
lute numbers were given and the
corresponding probabilities were com-
pared with Fisher’s exact test (all tests
were two-sided). The analysis of the asso-
ciations of increasing MIF serum concen-
trations and diabetes risk was assessed
after subdivision of the sample into quar-
tiles based on the distribution of normo-
glycemic control subjects. Multiple
logistic regression models were fitted us-
ing diabetes or IGT as dependent and the
chemokines as independent variables
(trend: quartiles as ordinal variables;

quartile analysis: quartiles as indicator
variables). These models were estimated
on the subpopulations of diabetic sub-
jects and control subjects or subjects with
IGT and control subjects, respectively.
Adjustment for clinical and biochemical
confounders was performed by including
them as independent variables in the lo-
gistic regression models. ORs and 95%
CIs were estimated from the logistic re-
gression models. The level of significance
was set at 0.05. Calculations were carried
out using the SAS statistical package ver-
sion 8.2 TS2M0.

RESULTS — The study population
(n � 722) is slightly larger than the pre-
viously described group used for immu-
nogenetic analyses (n � 704) (15), but
both populations do not differ statisti-
cally. The lower number is mainly due to
missing DNA samples for some individu-
als, who were, however, included in the
serological analysis. Individuals with type
2 diabetes or IGT showed significantly el-
evated mean or median levels of BMI,
waist-to-hip ratio, body fat content, insu-
lin resistance measured by homeostasis
model assessment, HbA1c, fasting triglyc-
eride levels, systolic and diastolic blood
pressure, uric acid, leukocyte count, CRP,
and IL-6, whereas HDL cholesterol con-
centrations were significantly lower than
in normoglycemic control subjects. In ad-
dition, patients with type 2 diabetes ex-
hibited significantly elevated fat-free mass
and decreased total and LDL cholesterol
compared with control subjects (data not
shown; see ref. 15). The IGT and type 2
diabetes groups were not significantly dif-
ferent from the control subjects in their
smoking behavior, alcohol consumption,
or frequency of respiratory infections or
other inflammatory conditions during the
week before the examination.

Concentrations of circulating MIF,
CRP, and IL-6 in the study
population
Levels of circulating MIF, CRP, and IL-6
were significantly increased in subjects
with IGT or type 2 diabetes compared

Table 1—Concentrations of circulating MIF, CRP, and IL-6 in the KORA S4 study population

Immune mediator Control subjects IGT Type 2 diabetes

MIF (ng/ml) 4.97 (2.36–8.46) (n � 241) 7.95 (5.10–12.72) (n � 239)* 10.96 (7.28–15.86) (n � 230)*†
CRP (mg/l) 1.27 (0.68–2.98) (n � 243) 2.39 (1.25–4.44) (n � 241)* 2.52 (1.13–5.63) (n � 228)*
IL-6 (pg/ml) 1.69 (0.68–2.90) (n � 241) 2.32 (1.32–3.54) (n � 240)* 2.48 (1.28–4.80) (n � 230)*

Concentrations are given as median (25th–75th percentile). *P � 0.001 vs. control subjects; †P � 0.001 vs. IGT subjects (Wilcoxon test).
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with normoglycemic control subjects
(P � 0.001 in all cases) (Table 1). MIF
concentrations shown as median (25th–
75th percentiles) in control subjects, IGT,
and type 2 diabetes were 4.97 (2.36–
8.46), 7.95 (5.10 –12.72), and 10.96
(7.28 –15.86) ng/ml, respectively. CRP
concentrations in control subjects, IGT, and
type 2 diabetes were 1.27 (0.68–2.98),
2.39 (1.25–4.44), and 2.52 (1.13–5.63)
mg/l, respectively. IL-6 concentrations in
these three groups were 1.69 (0.68 –
2.90), 2.32 (1.32–3.54), and 2.48 (1.28–
4.80) pg/ml, respectively. In contrast to
CRP and IL-6, there was also a highly sig-
nificant increase in MIF concentrations in
the type 2 diabetes group compared with
the IGT group (P � 0.001) (Table 1).

Association of MIF, CRP, and IL-6
with IGT and type 2 diabetes
Table 2 demonstrates the risk for IGT or
type 2 diabetes by ORs and 95% CI for
increasing quartiles of MIF, CRP, or IL-6
concentrations. After adjustment for sex,
age, BMI, hypertension, LDL cholesterol,
HDL cholesterol, and uric acid (model 1),
MIF, CRP and IL-6 were significantly as-
sociated with both type 2 diabetes and
IGT. With respect to type 2 diabetes risk,
the comparison of extreme quartiles
yielded ORs (95% CI) for MIF, CRP, and
IL-6 of 25.57 (9.65–67.76), 4.30 (2.12–
8.71), and 1.98 (1.08 –3.62), respec-
t ive ly . Analogous values for the
association with IGT were 7.60 (3.73–

15.48), 2.48 (1.35– 4.57), and 2.25
(1.25–4.05), respectively.

To test whether these associations
were independent of the other immune
mediators investigated in this study, the
fully adjusted model 2 included the ad-
justment for the log-transformed concen-
trations of the other two immune
markers. This adjustment had hardly any
impact on the extremely strong associa-
tion of MIF with IGT and type 2 diabetes,
attenuated the association of CRP with
IGT and type 2 diabetes, and led to non-
significant results for the association of
IL-6 with IGT and type 2 diabetes (Table
2).

CONCLUSIONS — Our data show
clearly that individuals with IGT and type
2 diabetes exhibit significantly elevated
serum levels of MIF and suggest a step-
wise increase of systemic MIF concentra-
tions from normoglycemia to IGT and
then to type 2 diabetes. The significance
of this finding is underlined by the com-
parison with the known type 2 diabetes
risk factors CRP and IL-6, because 1) the
association of MIF with IGT and type 2
diabetes appears considerably stronger
than that for CRP and IL-6 and therefore
discriminates better between healthy in-
dividuals and patients with IGT or type 2
diabetes before and after multivariate ad-
justment for metabolic syndrome–related
parameters and 2) this association is inde-
pendent of these two inflammatory vari-

ables. Thus, results of our study
considerably extend other evidence from
smaller studies published as letters link-
ing elevated concentrations of circulating
MIF with insulin resistance (10) and type
2 diabetes (11).

The principal limitation of our case-
control study is the cross-sectional de-
sign. Hence, we cannot identify true risk
factors. However, the assessment of dia-
betes status by OGTT and the inclusion of
subjects with IGT revealed highly signifi-
cantly elevated MIF levels in IGT. In ad-
dition, the use of a well-characterized
study population (12,13) allowed the
comparison of MIF with CRP and IL-6
and demonstrated the independence of
the association of MIF with IGT and type
2 diabetes from these established inflam-
matory markers.

Several lines of evidence indicate that
elevated MIF expression may have a sig-
nificant impact on the immune status of
an individual and the development of var-
ious inflammation-related diseases. Es-
sential physiological functions of MIF in
natural host defense mechanisms against
invading pathogens include regulation of
leukocyte infiltration, induction of cell ac-
tivation, and secretion of proinflamma-
tory cytokines and promotion of survival
of inflammatory cells (1). However, ele-
vated MIF concentrations may contribute
to hyperinsulinemia in proinflammatory
states of insulin resistance because glu-
cose-stimulated release of MIF from islet

Table 2—Association of MIF, CRP, and IL-6 with type 2 diabetes and IGT (multiple logistic regression models)

Model Quartile 1 Quartile 2 Quartile 3 Quartile 4 P (trend)

MIF: type 2 diabetic vs. control subjects
M1 1.0 2.23 (0.71–7.03) 10.54 (3.90–28.43)* 25.57 (9.65–67.76)* �0.0001
M2 1.0 2.32 (0.70–7.68) 11.83 (4.11–34.04)* 27.30 (9.57–77.87)* �0.0001

MIF: IGT vs. control subjects
M1 1.0 3.40 (1.60–7.22)† 4.99 (2.42–10.31)* 7.60 (3.73–15.48)* �0.0001
M2 1.0 3.11 (1.45–6.69)† 4.93 (2.36–10.30)* 6.87 (3.33–14.20)* �0.0001

CRP: type 2 diabetic vs. control subjects
M1 1.0 3.09 (1.48–6.43)† 3.26 (1.58–6.74)† 4.30 (2.12–8.71)* 0.0003
M2 1.0 3.32 (1.49–7.40)† 2.68 (1.22–5.89)‡ 3.61 (1.64–7.91)† 0.0089

CRP: IGT vs. control subjects
M1 1.0 1.29 (0.67–2.49) 2.55 (1.39–4.68)† 2.48 (1.35–4.57)† 0.0006
M2 1.0 1.26 (0.63–2.50) 2.27 (1.21–4.28)‡ 2.18 (1.14–4.16)‡ 0.0060

IL-6: type 2 diabetic vs. control subjects
M1 1.0 0.95 (0.49–1.84) 0.99 (0.52–1.86) 1.98 (1.08–3.62)‡ 0.0160
M2 1.0 0.73 (0.35–1.51) 0.56 (0.27–1.15) 0.87 (0.42–1.79) 0.6870

IL-6: IGT vs. control subjects
M1 1.0 1.51 (0.82–2.79) 1.74 (0.96–3.16) 2.25 (1.25–4.05)† 0.0070
M2 1.0 1.37 (0.72–2.62) 1.35 (0.72–2.55) 1.53 (0.81–2.91) 0.2422

Data are ORs (95% CIs) for association of type 2 diabetes or IGT with MIF, CRP, or IL-6. Quartiles are based on data from normoglycemic control subjects (see Table
1 for quartile boundaries). Model 1 was adjusted for BMI, sex, age, hypertension, LDL cholesterol, HDL cholesterol, and uric acid; model 2 is model 1 with additional
adjustment for log values of the other two immune mediators. *P � 0.001, †P � 0.01, ‡P � 0.05 vs. quartile 1.

MIF associated with IGT and type 2 diabetes
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�-cells has been reported to enhance in-
sulin secretion in pancreatic �-cell lines
and isolated rat islets (16). In addition,
MIF participates in the development of
atherosclerosis and restenosis in different
mouse models (17–19) and regulates cell
proliferation and differentiation, pro-
motes tumor growth and neovasculariza-
tion, and may link type 2 diabetes and
increased incidence of cancer (20).

Taken together, our data strongly
suggest that elevations of systemic MIF
precede the onset of type 2 diabetes, but
prospective studies are required to test
the hypothesis that measurement of MIF
may be useful for disease prediction. The
finding of elevated MIF levels in individ-
uals with IGT and type 2 diabetes may be
important because MIF is involved in the
development of diseases such as athero-
sclerosis and cancer, which are more
prevalent in diabetic patients than in non-
diabetic subjects.
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