
Vitamin D Deficiency
Is More Common in
Type 2 Than in Type
1 Diabetes

W e report data from a pilot study
examining vitamin D deficiency
in type 1 and type 2 diabetes. Se-

rum 25-OH vitamin D (25-OH-D) levels
were measured in type 1 (n � 50) and
type 2 diabetic (n � 63) individuals at the
time of their routine visits for diabetes
management. Patients had no prior his-
tory of metabolic bone disease, vitamin D
deficiency, parathyroid disease, malab-
sorption, or significant elevations of se-
rum creatinine or liver enzymes. Most
subjects (74.3%) were prescribed a daily
multivitamin as part of their routine dia-
betes care, but none were taking addi-
tional supplements. Serum was obtained
during “light” (April to September) and
“dark” (October to March) months. Se-
rum 25-OH-D levels were measured us-
ing a competitive protein-binding assay
(Esoterix, Calabasas Hills, CA). Vitamin D
levels were classified as deficient (0–20
ng/ml) or expected (�20 ng/ml). Al-
though 25-OH-D levels �32 ng/ml are
optimal (1), levels �20 ng/ml are usually
considered acceptable and are generally
not treated in patients without metabolic
bone disease.

Type 1 diabetic individuals were sig-
nificantly younger than those with type 2
diabetes ([mean � SE] 49.0 � 1.7 vs.
61.2 � 1.5 years, P 	 0.001) and had a
lower BMI (26.2 � 0.7 vs. 33.9 � 1.0
kg/m2, P 	 0.001). The majority (63.5%)
of the type 2 diabetic individuals were de-
ficient compared with 36% of the type 1
diabetic patients. The unadjusted mean
25-OH-D level for type 2 diabetic patients
was 17.1 � 1.2 ng/ml (P 	 0.05) com-
pared with 23.6 � 1.2 ng/ml for type 1
diabetes (P 	 0.05). Of the patients who
were deficient, most were prescribed
multivitamins (72.2% of type 2 diabetes,
72.5% of type 1 diabetes). Most patients
having serum 25-OH-D levels �20 ng/ml
were also prescribed multivitamins
(73.9% of type 2 diabetes, 78.1% type 1
diabetes). Serum was obtained with
equivalent distribution in light and dark
months among both groups.

The 25-OH-D levels inversely corre-
lated with BMI (P 	 0.01) but were not
directly related to age or sex. ANCOVA
was used to compare 25-OH-D levels in

type 1 and type 2 diabetic patients while
adjusting for BMI and age. As was noted
in the unadjusted levels, significantly
lower 25-OH-D levels were found in type
2 relative to type 1 diabetic patients
(mean adjusted 25-OH-D 18.1 � 1.4 vs.
22.9 � 1.6 ng/ml, P 	 0.001). Among
type 2 diabetic patients, mean 25-OH-D
level was similar in those taking insulin
compared with those on oral hypoglyce-
mic agents (mean 25-OH-D 17.6 � 1.6
and 16.8 � 1.5 ng/ml, respectively; P �
0.73).

Our findings suggest that vitamin D
deficiency is more common in type 2 di-
abetes than in type 1 diabetes, unrelated
to age, sex, or insulin treatment. Although
higher BMI was associated with lower 25-
OH-D levels, the difference in vitamin D
levels between type 2 and type 1 diabetic
individuals persisted after adjusting for
BMI. This difference may be therapeuti-
cally significant in that mean vitamin D
levels in type 2 diabetic patients were in
the deficient range whereas mean levels in
the type 1 diabetic patients reached the
expected level. Despite most type 2 dia-
betic patients being prescribed a daily
multivitamin, usually containing 400 IU
of vitamin D, the percent who were defi-
cient remained unchanged. Further stud-
ies are needed to better understand the
causes and clinical significance of the ob-
served hypovitaminosis D and to investi-
gate response to vitamin D replacement
therapy.
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Circulating Levels of
Interleukin-18
Independent of
Body Fat and
Fat-Free Mass

Results from the MONICA/KORA
study

E levated systemic concentrations of
interleukin (IL)-18, a potent proin-
flammatory cytokine, have recently

been reported to increase the risk of de-
veloping type 2 diabetes in a prospective
case-cohort study with a mean follow up
of 10.8 years (1). IL-18 is secreted from
adipocytes (2), and IL-18 levels were
found to be increased in obesity and de-
creased after weight loss in obese women
(3). However, we did not observe a direct
relationship between BMI and IL-18 lev-
els in a large population-based sample
(1). Another recent study in 144 men sur-
prisingly reported a significant associa-
tion of IL-18 with fat-free mass (4). We
now present a detailed analysis of the re-
lationship of IL-18 serum concentrations
with body composition and potential
confounding effects by sex in 225 men
and 230 women from the MONICA
(Monitoring of Trends and Determinants
in Cardiovascular Disease)/KORA (Coop-
erative Health Research in the Region of
Augsburg) Survey 1994/1995 (1), for
whom bioelectric impedance data were
available.

Serum IL-18 concentrations did not
differ between men and women (geomet-
ric means 154.4 and 163.9 pg/ml, respec-
tively; P � 0.38). For men and women
combined, log IL-18 was not significantly
correlated (Pearson) with absolute fat
mass (r � �0.02; P � 0.58), percent fat
mass (r � 0.01; P � 0.82), and fat-free
mass (r � �0.04; P � 0.38). Separate
analyses for men and women yielded sim-
ilar results. The strongest correlations
were seen between log IL-18 and systolic
blood pressure (r � 0.11; P � 0.01), di-
astolic blood pressure (r � 0.11; P �
0.01), log C-reactive protein (r � 0.09;
P � 0.054), and log IL-6 (r � 0.10; P �
0.02), whereas correlations with BMI,
waist circumference, cholesterol levels,
and uric acid did not reach statistical
significance.

Taken together, these data show that
systemic IL-18 concentrations are inde-
pendent from body fat composition in-
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cluding fat-free mass and support the
hypothesis that adipose tissue is not a ma-
jor contributor to circulating IL-18. This
is not in contrast with data on IL-18 ex-
pression in adipocytes, since the reported
amount of in vitro secreted IL-18 was
rather low (2). This finding does not pre-
clude a role for adipocyte-expressed
IL-18 in adipose tissue since higher con-
centrations, which are relevant for the
cross-talk between adipocytes and infil-
trating immune cells, might be reached
locally. Furthermore, we did not find a
sex difference in the relation between
IL-18 and markers of body fat composi-
tion, whereas this has been demonstrated
for C-reactive protein and other inflam-
matory mediators (5). We conclude that
the reported impact of weight loss on
IL-18 levels (3) is indirect, as long-term
caloric restriction (3) can be assumed to
attenuate systemic immune activation
and therefore also reduce IL-18 in the cir-
culation. On the other hand, extensive
weight loss is associated with a substantial
increase in insulin sensitivity. The data
linking increased IL-18 with reduced in-
sulin sensitivity (4) and elevated type 2
diabetes risk (1) indicate that insulin re-
sistance and not obesity per se may be the
major determinant of circulating IL-18
concentrations.
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COMMENTS AND
RESPONSES

The Metabolic
Syndrome: Time for
a Critical Appraisal:
Joint Statement From
the American
Diabetes Association
and the European
Association for the
Study of Diabetes

Response to Kahn et al.

W e read with interest the American
Diabetes Association statement
about the metabolic syndrome

(1). The idea that the aggregation of bor-
derline risk factors could result in cardio-
vascular damage equal or superior to that
occurring in individuals carrying a full-
weight risk factor disease was intriguing.
However, this intuition was soon polluted
by inclusion of patients with frank dis-
eases. If the philosophy of the metabolic
syndrome is to draw firm attention upon
“at very high risk” subjects, then the time
has come to capture only subjects falling
into borderline categorical zones using
the Adult Treatment Panel III criteria:
fasting glucose levels between 110 and
126 mg/dl, triglycerides between 150 and
200 mg/dl, HDL cholesterol between 30

and 40 mg/dl for men and between 40
and 50 mg/dl for women, blood pressure
between 130/80 and 140/90 mmHg, and
similar waist circumference values in the
absence of obesity (BMI �30 kg/m2). If,
however, the basilar concept is the con-
struct of an algebraic hierarchy of risk, the
reflections of Kahn et al. (1) claim for the
noninferiority of the sum of components
versus the whole syndrome. The concept
of a “pure” metabolic syndrome, i.e.,
identifying subjects without frank dis-
eases such as diabetes, obesity, atheroge-
netic dyslipidemia, and hypertension,
would have some benefits: 1) to avoid
double-labeled diagnosis, for example di-
abetes and the metabolic syndrome; 2) to
give the real number of subjects at risk
and to trace the natural history of the syn-
drome; and 3) to interfere with its evolu-
tion with lifestyle or pharmacological
interventions. In the National Health and
Nutrition Examination Surveys III sam-
ple, �8% of coronary heart disease events
occurred in people with only borderline
levels of multiple risk (2). Moreover, in-
tensive lifestyle intervention (3), diet (4),
and drugs (5) have all been shown to be
effective in reducing the prevalence of
metabolic syndrome, although interven-
tions based on diet, physical activity, and
weight reduction seem to work better
than drugs. Lastly, it would be easier to
force a labeled patient (that with a pure
syndrome) to follow advice for lifestyle
changes than for unlabeled subjects with
one or more borderline risk factors. Since
the way to disseminate healthy practices
is all but easy, any help is welcome.
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