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JOHAN WADÉN, MD1,2
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OBJECTIVE — The aim of this study was to estimate the prevalence of the metabolic syndrome in Finnish type 1 diabetic patients and to assess whether it is associated with diabetic
nephropathy or poor glycemic control.
RESEARCH DESIGN AND METHODS — In all, 2,415 type 1 diabetic patients (51%
men, mean age 37 years, duration of diabetes 22 years) participating in the nationwide, multicenter Finnish Diabetic Nephropathy (FinnDiane) study were included. Metabolic syndrome
was defined according to the National Cholesterol Education Program diagnostic criteria. Patients were classified as having normal albumin excretion rate (AER) (n ⫽ 1,261), microalbuminuria (n ⫽ 326), macroalbuminuria (n ⫽ 383), or end-stage renal disease (ESRD) (n ⫽ 164).
Glycemic control was classified as good (HbA1c ⬍7.5%), intermediate (7.5–9.0%), or poor
(⬎9.0%). Creatinine clearance was estimated with the Cockcroft-Gault formula.
RESULTS — The overall prevalence of metabolic syndrome was 38% in men and 40% in
women. The prevalence was 28% in those with normal AER, 44% in microalbuminuric patients,
62% in macroalbuminuric patients, and 68% in patients with ESRD (P ⬍ 0.001). Patients with
metabolic syndrome had a 3.75-fold odds ratio for diabetic nephropathy (95% CI 2.89 – 4.85),
and all of the separate components of the syndrome were independently associated with diabetic
nephropathy. The prevalence of metabolic syndrome was 31% in patients with good glycemic
control, 36% in patients with intermediate glycemic control, and 51% in patients with poor
glycemic control (P ⬍ 0.001). Similarly, metabolic syndrome increased with worsening creatinine clearance.
CONCLUSIONS — The metabolic syndrome is a frequent finding in type 1 diabetes and
increases with advanced diabetic nephropathy and worse glycemic control.
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T

he metabolic syndrome is an important risk factor for cardiovascular
disease and early mortality in patients with type 2 diabetes (1) and nondiabetic subjects (2). It is characterized by a
clustering of independent cardiovascular
risk factors including impaired glucose
regulation, central obesity, dyslipidemia,
and hypertension (3). In type 2 diabetes,
the total cardiovascular risk attributable
to the syndrome seems to exceed the sum
of the risk from each of the separate components (4). In addition, insulin resistance, itself a key part of the metabolic
syndrome, worsens as the number of metabolic syndrome components increases
(4). More recently, other disturbances
such as microalbuminuria, endothelial
dysfunction, abnormalities in fibrinolysis
and coagulation, nonalcoholic fatty liver,
and elevated markers of chronic inflammation have been linked to the metabolic
syndrome (5–9). Both the World Health
Organization (WHO) (10) and the National Cholesterol Education Program
(NCEP) Adult Treatment Panel III (11)
have proposed their own definitions for
the syndrome.
The prevalence and impact of the
metabolic syndrome in type 1 diabetes remains to be established. A number of
components of the syndrome may be observed in patients with type 1 diabetes
and potentially contribute to increased
cardiovascular risk. However, metabolic
syndrome and insulin resistance are
closely correlated with microalbuminuria
in patients with type 1 diabetes, as well as
in nondiabetic subjects (7,12–14). Patients with nephropathy also have elevated blood pressure, dyslipidemia, lowg r a d e i n fl a m m a t i o n , a n d i n s u l i n
resistance, making the distinction between nephropathy and the metabolic
syndrome difficult (13,15–18). Therefore, the aim of this study was to estimate
the prevalence of the metabolic syndrome
in Finnish type 1 diabetic patients and to
assess whether metabolic syndrome is associated with diabetic nephropathy or
glycemic control.
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RESEARCH DESIGN AND
METHODS — All patients participated in the Finnish Diabetic Nephropathy (FinnDiane) study, a nationwide
multicenter study with the aim of identifying genetic and clinical risk factors for
diabetic nephropathy in type 1 diabetes.
The study protocol is in accordance with
the Declaration of Helsinki, and it has
been approved by the local ethics committee in each participating study center.
The study design is cross-sectional
and includes adult patients with type 1
diabetes from 57 centers from all over
Finland. In 2,415 type 1 diabetic patients,
complete lipid profiles and clinical data
on all of the components of the metabolic
syndrome were available by April 2004.
Of the patients, 51% were men, the mean
age was 37 ⫾ 1 years, and duration of
diabetes was 22 ⫾ 1 years.
Data on medication, cardiovascular
status, and diabetic complications were
registered by a standardized questionnaire, which was completed by the patient’s attending physician based upon
the medical file. Type 1 diabetes was defined as an onset of diabetes before the age
of 35 years and permanent insulin treatment initiated within 1 year of diagnosis.
Coronary heart disease was defined as
diagnosed myocardial infarction, coronary revascularization, or pharmacological treatment with long-acting
nitroglycerin. Stroke was defined as cerebral infarction or intracerebral hemorrhage. Blood pressure was measured
twice with 2-min intervals in the sitting
position after a 10-min rest.
Fasting blood samples were collected
and analyzed for HbA1c (A1C), lipids, and
lipoproteins (serum total and HDL cholesterol and triglycerides) and serum creatinine. A1C was determined by
standardized assays at each center. Serum
lipid and lipoprotein concentrations were
measured at the research laboratory of
Helsinki University Central Hospital, Division of Cardiology, Finland, by automated enzymatic methods using the
Cobas Mira analyzer (Hoffmann-La
Roche, Basel, Switzerland). Serum creatinine was assessed by enzymatic methods
at a central laboratory. Urinary albumin
excretion rate (AER) was determined in
24-h urine collections by radioimmunoassay (Pharmacia, Uppsala, Sweden).
The renal status was defined based on
AER in at least two of three collections.
Patients were divided by AER categori2020

cally into those with normal AER (⬍20
g/min or ⬍30 mg/24 h; n ⫽ 1,261), microalbuminuria (AER 20 –200 g/min or
30 –300 mg/24 h; n ⫽ 326), and macroalbuminuria (AER ⬎200 g/min or
⬎300 mg/24 h; n ⫽ 383). In addition, the
presence of end-stage renal disease
(ESRD) was defined according to whether
patients were either undergoing dialysis
or had had a kidney transplant (n ⫽ 164).
Diabetic nephropathy was defined as
macroalbuminuria or ESRD. In 281 patients, renal status could not be assessed
because of the recent onset of diabetes,
too few urine samples, or signs of nondiabetic renal disease. Renal function was
further estimated using the CockcroftGault formula for creatinine clearance adjusted for body surface area (19).
Creatinine clearance ⬎90 ml/min per
1.73 m2 was considered normal, 60 –90
ml/min per 1.73 m2 was considered a
mild decrease, and ⬍60 ml/min per 1.73
m2 denoted moderate to severe renal impairment (20).
Glycemic control was assessed based
on one A1C measurement and classified
as good (A1C ⬍7.5%), intermediate
(7.5–9.0%), or poor (⬎9.0%). Data on
A1C were not available for 55 patients. As
a measure of insulin sensitivity, we used
an equation for the estimated glucose disposal rate (eGDR) (21) modified for use
with A1C instead of HbA1 (eGDR ⫽
24.4 ⫺ 12.97 䡠 WHR ⫺ 3.39 䡠 AHT ⫺
0.60 䡠 A1C), where WHR stands for waistto-hip ratio and AHT for antihypertensive
treatment and/or blood pressure
ⱖ140/90 mmHg (yes ⫽ 1, no ⫽ 0).
Diagnostic criteria for the metabolic
syndrome
The metabolic syndrome was assessed according to the NCEP criteria (11) as follows: waist circumference in men ⬎102
cm and women ⬎88 cm, triglycerides
ⱖ1.70 mmol/l, HDL cholesterol in men
⬍1.00 mmol/l and in women ⬍1.30
mmol/l, blood pressure ⱖ130/85 mmHg
or antihypertensive medication, and fasting glucose ⱖ6.11 mmol/l. We chose to
define all patients in this study to fulfill
the criteria for hyperglycemia, whereas
three of five criteria were required for the
diagnosis of the metabolic syndrome. Lipid-lowering therapy was not included in
the criteria. A metabolic score (1–5) was
also calculated based on the number of
criteria each patient fulfilled.

Statistical analyses
The significance of difference in categorical variables between groups was tested
with a 2 test. Continuous variables were
analyzed with ANOVA or a KruskalWallis test when appropriate, and data are
presented as means ⫾ SEM. A multiple
logistic regression analysis was performed
with diabetic nephropathy (vs. normal
AER) as the dependent variable and age,
sex, A1C, and smoking; the metabolic
syndrome, its separate components, or
the metabolic score were independent
variables. The data are presented as odds
ratios with 95% CIs. All analyses were
performed using SPSS 11.5 (SPSS, Chicago, IL). A P value ⬍0.05 was considered
statistically significant.
RESULTS — The prevalence of the
metabolic syndrome defined according to
NCEP criteria was 38% in men and 40%
in women. In these patients, the presence
of three or more components of the metabolic syndrome was associated with a
threefold increased presence of coronary
heart disease. At least four of the five diagnostic criteria were observed in 14% of
men and in 13% of women. Patients with
the metabolic syndrome were older, had
an earlier onset of diabetes, and had a
longer duration of diabetes (Table 1).
Among patients with the metabolic syndrome, the most frequent combination of
different components was hyperglycemia,
hypertension, and low HDL cholesterol,
which were seen in 30% of those with the
metabolic syndrome. Hyperglycemia, hypertension, high triglycerides, and low
HDL cholesterol were seen in 15%; hyperglycemia, hypertension, and abdominal obesity were seen in 14%; and
hyperglycemia, hypertension, and high
triglycerides were seen in 13% of the patients with metabolic syndrome. The frequencies of the rest of the combinations
were ⬍10% each (1– 8%).
The prevalence of metabolic syndrome increased with age. Of the individual components, hypertension and
abdominal obesity became more common
with increasing age, whereas the prevalence of elevated triglyceride and low
HDL cholesterol levels decreased with aging (Table 2). This may partly reflect the
use of lipid-lowering therapy, which increased from 1% in patients ⬍30 years of
age to 28% in patients ⬎50 years of age.
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Table 1—Descriptive data for patients with and without metabolic syndrome

n
Men (%)
Age (years)
Age at onset (years)
Diabetes duration (years)
BMI (kg/m2)
Waist-to-hip ratio
Men
Women
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Antihypertensive medication (%)
Total cholesterol (mmol/l)
HDL cholesterol (mmol/l)
Triglycerides (mmol/l)
A1C (%)
eGDR (mg 䡠 kg⫺1 䡠 min⫺1)
Serum creatinine (mol/l)
Creatinine clearance (ml/min per 1.73 m2)
Creatinine clearance ⬍60 ml/min per 1.73 m2 (%)
ESRD (%)
Diabetic nephropathy
Men (%)
Women (%)
Coronary heart disease (%)
Myocardial infarction (%)
Stroke (%)
Amputation (%)
Retinal laser treatment (%)
Current smoking (%)

Metabolic
syndrome

No metabolic
syndrome

944
50
38.7 ⫾ 0.4*
14.5 ⫾ 0.3*
24.1 ⫾ 0.4*
26.6 ⫾ 0.1*

1,471
52
36.2 ⫾ 0.3
15.7 ⫾ 0.2
20.5 ⫾ 0.3
24.0 ⫾ 0.1

0.95 ⫾ 0.01*
0.84 ⫾ 0.01*
140 ⫾ 1*
83 ⫾ 1*
61*
5.21 ⫾ 0.03*
1.10 ⫾ 0.01*
1.72 ⫾ 0.03*
8.8 ⫾ 0.1*
4.8 ⫾ 0.1*
130 ⫾ 4*
84 ⫾ 1*
20*
12*

0.89 ⫾ 0.01
0.80 ⫾ 0.01
130 ⫾ 1
78 ⫾ 1
30
4.82 ⫾ 0.02
1.43 ⫾ 0.01
0.99 ⫾ 0.01
8.3 ⫾ 0.1
7.0 ⫾ 0.1
94 ⫾ 2
93 ⫾ 1
7
4

40*
34*
9*
5*
3†
6*
53*
26†

16
11
3
2
2
1
26
22

Data are means ⫾ SEM or %. *P ⬍ 0.001 and †P ⬍ 0.05 vs. no metabolic syndrome.

uria, and 68% in patients with ESRD (P ⬍
0.001). Patients with the metabolic syndrome had a 3.75-fold (95% CI 2.89 –
4.85) increased odds ratio for diabetic
nephropathy compared with those without the metabolic syndrome when adjusting for age, sex, smoking, and A1C. This
risk was strongly correlated with the presence of multiple components of the met-

Diabetic nephropathy and metabolic
syndrome
Patients with the metabolic syndrome had
more microvascular complications including retinopathy and nephropathy
(Table 1). The prevalence of the metabolic
syndrome was 28% in those with normal
AER, 44% in patients with microalbuminuria, 62% in patients with macroalbumin-

abolic syndrome such that patients with
three, four, and five components of the
metabolic syndrome had increased odds
for diabetic nephropathy of 2.81 (2.09 –
3.78), 5.09 (3.45–7.50), and 11.70
(5.74 –23.84), respectively, compared
with those with one or two components.
Notably, all components were independently associated with diabetic nephropathy (data not shown).
Effect of renal function and insulin
sensitivity
The prevalence of the metabolic syndrome was 36% in patients with a creatinine clearance in the normal range, 34%
in patients with a mild decrease in renal
function, and 60% in patients with moderate to severe renal impairment (P ⬍
0.001). Patients with ESRD were excluded from the analysis. Figure 1 shows
the relationship between insulin sensitivity, as assessed by eGDR and creatinine
clearance at different stages of nephropathy. Most patients with type 1 diabetes
and normal AER and renal function had
normal insulin sensitivity. On the other
hand, patients with microalbuminuria
were more insulin resistant, whereas decreased renal function was most obvious
in those with macroalbuminuria. When
patients with normal AER were compared
with those with microalbuminuria, there
was only a small difference in creatinine
clearance (99 ⫾ 1 vs. 95 ⫾ 1, P ⫽ 0.006),
whereas the difference in insulin sensitivity was large (eGDR, 7.3 ⫾ 0.1 vs. 5.0 ⫾
0.1, P ⬍ 0.001). When patients with microalbuminuria were compared with
those with macroalbuminuria, there was a
marked difference in creatinine clearance
(95 ⫾ 1 vs. 65 ⫾ 1, P ⬍ 0.001) and a
further decrease in insulin sensitivity
(5.0 ⫾ 0.1 vs. 4.1 ⫾ 0.1, P ⬍ 0.001).

Table 2—Prevalence of metabolic syndrome and its components by sex, age-group, and glycemic control
Total prevalence

n
Metabolic syndrome (%)
Hypertension (%)
Low HDL cholesterol (%)
High triglycerides (%)
Abdominal obesity (%)

Age-group (years)

A1C (%)

Men

Women

18–30

30–40

40–50

⬎50

⬍7.5

7.5–9.0

⬎9.0

1,241
38
76
28
24
12

1,174
40
63*
42*
14*
20*

727
33
51
38
19
9

729
40
69
37
20
15

594
41
80
34
19
20

365
47*
90*
27*
17
26*

578
31
60
34
13
10

1,087
36
71
33
16
16

695
51*
76*
40†
28*
21*

Data are % of the total n given at the top of each column. *P ⬍ 0.001, †P ⬍ 0.01 for men vs. women, age-group difference, and A1C group difference.
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Figure 1—Insulin sensitivity and
renal function in different stages of
albuminuria.

Glycemic control and metabolic
syndrome
The prevalence of metabolic syndrome
was correlated with glycemic control,
such that 51% of patients with poor glycemic control had metabolic syndrome,
compared with 31% of patients with good
glycemic control and 36% in those with
intermediate control (P ⬍ 0.001). This
association was seen in all patient groups
regardless of renal function. The higher
prevalence of the metabolic syndrome in
patients with intermediate compared
with good glycemic control was largely
determined by hypertension, whereas the
higher prevalence of the metabolic syndrome in patients with poor compared
with intermediate glycemic control was
mostly related to an increase in dyslipidemia (Table 2). When patients with normal

AER were analyzed separately with regard
to A1C, a similar pattern could be observed (data not shown). A synergistic effect of glycemic control and renal status
was also observed in our study. As seen in
Fig. 2, the prevalence of metabolic syndrome was lowest in patients with good
glycemic control and normal AER (24%)
and highest in patients with ESRD and
poor glycemic control (83%).
CONCLUSIONS — Metabolic syndrome is a common finding in patients
with type 1 diabetes. In particular, ⬎50%
of patients with poor glycemic control or
renal impairment fulfilled the NCEP diagnostic criteria for metabolic syndrome. In
addition, ⬃33% of patients without nephropathy or with good glycemic control
met the diagnostic criteria. Given the

strong association between metabolic
syndrome and vascular complications in
patients with diabetes (1,4,22–24), these
statistics are a matter of concern.
The overall prevalence of the metabolic syndrome in FinnDiane patients
(39%) was approximately three times that
seen in nondiabetic subjects in the Finnish population but lower than that observed in patients with type 2 diabetes
(78 – 84%) (1,2). This disparity in the
prevalence of metabolic syndrome probably reflects differences in population
characteristics including duration of diabetes, renal function, and age, which were
also independently associated with metabolic syndrome. In addition, there may be
different findings depending on the criteria used to define the prevalence of metabolic syndrome (25).

Figure 2—Prevalence of the metabolic syndrome according to glycemic control and different stages of albuminuria. *P ⬍ 0.001 within the A1C
groups. †P ⬍ 0.001 and ‡P ⬍ 0.05 within the albuminuria groups.
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Of the two most used criteria for metabolic syndrome (NCEP and WHO), we
used the NCEP criteria because they are
more appropriate to apply in a type 1 diabetic population than the WHO criteria,
which include insulin resistance and microalbuminuria (10,11). However, it is
possible that metabolic syndrome should
be defined differently in type 1 diabetes.
In comparison with type 2 diabetes and
the general population, hypertension
seems to be a more pronounced part of
metabolic syndrome in type 1 diabetes,
whereas dyslipidemia is more frequent
among type 2 diabetic patients (1). Although hypertension was the most prevalent component in addition to diabetes
in the present study, when compared
with patients fulfilling one or two of the
criteria, each additional component further increased the odds ratio for diabetic
nephropathy in support of a true
syndrome.
It remains to be established whether
“metabolic syndrome” as observed in our
patients is the same metabolic syndrome
as in type 2 diabetes. Certainly, in both
type 1 and type 2 diabetes, the role of
insulin resistance seems to be equally
important as a cardiovascular risk factor
(22–24,26). Insulin resistance has also
been implicated in the pathogenesis of
diabetic nephropathy (17). However, the
finding of metabolic syndrome in patients
with type 1 diabetes may reflect an epiphenomenon of their inheritance. It is
well known that both genetic and environmental factors seem to promote the
development of metabolic syndrome
(3,27). We have previously shown that
type 2 diabetes is more common among
parents of type 1 diabetic patients with
nephropathy compared with those without nephropathy (28), and offspring of
diabetic parents tend to be more insulin
resistant (29).
In the present study, insulin sensitivity was more strongly related to AER than
creatinine clearance. Indeed, a major
change in insulin sensitivity had already
occurred in those with microalbuminuria
well before the decline in creatinine clearance associated with the late-stage disease. This finding is in disagreement with
the findings from a small survey in selected patients with type 1 diabetes in
Sweden (n ⫽ 29), in which albuminuria
did not modify insulin sensitivity (30). It
is possible that our much larger survey
(n ⫽ 2,415) is more representative beDIABETES CARE, VOLUME 28, NUMBER 8, AUGUST 2005

cause it includes carefully characterized
type 1 diabetic patients recruited from a
nationwide multicenter study comprising
about 10% of the Finnish adult type 1
diabetic population. In addition, a link
between occult nephropathy and insulin
resistance is consistent with the Steno hypothesis that microalbuminuria reflects
generalized vascular dysfunction (i.e., endothelial dysfunction) (31), which is
known to correlate with insulin resistance
(32). The onset of nephropathy might
also contribute to metabolic syndrome via
low-grade inflammation and increased
oxidative stress. We have previously
shown that increased concentrations of
interleukin-6 and C-reactive protein are
associated with decreased insulin sensitivity, which worsened in parallel with the
severity of the renal disease (16). Although our data are cross-sectional, they
provide an interesting hypothesis that
should be addressed in a prospective follow-up of this population.
Notably in this survey, in each AER
group the prevalence of the metabolic
syndrome increased in patients with
poorer glycemic control. It is well known
that chronic hyperglycemia can modify
insulin sensitivity (so-called “glucose toxicity”) (33). The increased prevalence of
metabolic syndrome may be partly explained by reduced insulin sensitivity in
patients with poor glycemic control. In
addition, hyperglycemia per se is associated with several of the components of the
metabolic syndrome, such as increased
triglycerides and decreased HDL cholesterol levels (34). However, in patients
with poor glycemic control, the key component leading to the diagnosis of metabolic syndrome was hypertension.
In summary, metabolic syndrome is
a frequent finding in type 1 diabetes, especially in patients with advanced diabetic nephropathy and poor glycemic
control. Prospective data are needed to
finally evaluate whether the current diagnostic criteria for the metabolic syndrome
correctly identify type 1 diabetic patients
at the greatest risk for cardiovascular
complications.
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26. Pyörälä K: Relationship of glucose tolerance and plasma insulin to the incidence
of coronary heart disease: results from
two population studies in Finland. Diabe-

tes Care 2:131–141, 1979
27. Groop L: Genetics of the metabolic syndrome. Br J Nutr 83:S39 –S48, 2000
28. Fagerudd JA, Pettersson-Fernholm KJ,
Grönhagen-Riska C, Groop P-H: The impact of a family history of type II (noninsulin-dependent) diabetes mellitus on
the risk of diabetic nephropathy in patients with type I (insulin-dependent) diabetes mellitus. Diabetologia 42:519 –526,
1999
29. Eriksson J, Franssila-Kallunki A, Ekstrand A, Saloranta C, Widén E, Schalin
C, Groop L: Early metabolic defects in
persons at increased risk for non-insulindependent diabetes mellitus. N Engl J Med
321:337–343, 1989
30. Svensson M, Yu ZW, Eriksson JW: A
small reduction in glomerular filtration is
accompanied by insulin resistance in type
I diabetes patients with diabetic nephrophathy. Eur J Clin Invest 32:100 –109,
2002
31. Deckert T, Feldt-Rasmussen B, BorchJohnsen K, Jensen T, Kofoed-Enevoldsen
A: Albuminuria reflects widespread vascular damage: the Steno hypothesis. Diabetologia 32:219 –226, 1989
32. Cleland SJ, Petrie JR, Small M, Elliott HL,
Connell JM: Insulin action is associated
with endothelial function in hypertension
and type 2 diabetes. Hypertension 35:507–
511, 2000
33. Yki-Järvinen H: Glucose toxicity. Endocr
Rev 13:415– 431, 1992
34. Idzior-Walus B, Mattock MB, Solnica B,
Stevens L, Fuller JH: Factors associated
with plasma lipids and lipoproteins in
type 1 diabetes mellitus: the EURODIAB
IDDM Complications Study. Diabet Med
18:786 –796, 2001

DIABETES CARE, VOLUME 28, NUMBER 8, AUGUST 2005

