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OBJECTIVE — To give an up-to-date profile of nephropathy and the involvement of risk
factors in a large, prospective cohort of patients with type 1 diabetes and largely pediatric and
adolescent onset of disease.

RESEARCH DESIGN AND METHODS — A total of 27,805 patients from the nation-
wide, prospective German Diabetes Documentation System survey were included in the present
analysis. Inclusion criteria were at least two documented urine analyses with identical classifi-
cation. Urine analyses, treatment regimens, diabetes complications, and risk factors were re-
corded prospectively. Baseline characteristics were age at diagnosis 9.94 years (median
[interquartile range 5.8–14.3]), age at last visit 16.34 years (12.5–22.2), and follow-up time 2.5
years (0.43–5.3). Cumulative incidence of nephropathy was tested by Kaplan-Meier analysis and
association with risk factors by logistic regression.

RESULTS — Nephropathy was classified as normal in 26,605, microalbuminuric in 919,
macroalbuminuric in 78, and end-stage renal disease (ESRD) in 203 patients. After calculated
diabetes duration of 40 years, 25.4% (95% CI 22.3–28.3) had microalbuminuria and 9.4%
(8.3–11.4) had macroalbuminuria or ESRD. Risk factors for microalbuminuria were diabetes
duration (odds ratio 1.033, P � 0.0001), A1C (1.13, P � 0.0001), LDL cholesterol (1.003, P �
0.0074), and blood pressure (1.008, P � 0.0074), while childhood diabetes onset (1.011, P �
0.0001) was protective. Male sex was associated with the development of macroalbuminuria.

CONCLUSIONS — Diabetes duration, A1C, dyslipidemia, blood pressure, and male sex
were identified as risk factors for nephropathy. Therefore, besides the best possible metabolic
control, early diagnosis and prompt treatment of dyslipidemia and hypertension is mandatory in
patients with type 1 diabetes.
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M icro- and macroalbuminuria are
important markers for early and
progressive diabetic kidney dis-

ease. Patients with type 1 diabetes face a
20–50% probability of developing end-
stage renal disease (ESRD) requiring dial-
ysis or renal transplantation (1). But over
the last decades, cumulative incidence of
nephropathy has further declined, which
was attributed to intensified treatment
regimens and a more aggressive therapy
of hypertension and dyslipidemia (1,2).

Since the 1980s, microalbuminuria
has been established as an early marker of
progressive kidney disease in diabetes (3),
starting at pediatric age (4,5), and cur-
rently albumin excretion rate (AER) re-
mains the best available noninvasive
predictor for diabetic nephropathy and
should be measured regularly according
to established guidelines (6–8).

Since the Diabetes Control and Com-
plications Trial (DCCT), glycemic control
was established as the dominant risk fac-
tor for the development of diabetic ne-
phropathy (9). Moreover, the DCCT
follow-up Epidemiology of Diabetes In-
terventions and Complications study has
demonstrated a persistent delay of pro-
gression of diabetic nephropathy 7– 8
years after the end of the DCCT, in the
previously intensively treated patients
(10). Next to A1C, presence of retinopa-
thy, smoking, dyslipidemia, hyperten-
sion, and male sex have previously been
reported as risk factors for progression to-
ward diabetic nephropathy in patients
with type 1 diabetes (11–14). In adults,
microalbuminuria and the risk factors hy-
pertension, smoking, and poor glycemic
control predict increased risk for cardio-
vascular disease and early mortality
(15,16). In childhood-onset diabetes,
young age at diagnosis and a longer pre-
pubertal run seem to delay the time until
the development of microalbuminuria, a
phenomenon that is not yet understood
(17,18).

The aim of this study was first to
analyze the prevalence of nephropathy
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in a nationwide, prospective survey in-
cluding children, adolescents, and
adults with type 1 diabetes from Ger-
many and Austria. Second, risk factors
with suggested or proven evidence for
involvement in diabetic nephropathy
were tested for its association with mi-
cro- and macroalbuminuria.

RESEARCH DESIGN AND
METHODS — The German Diabetes
Documentation System (DPV) is a pro-
spective, nationwide survey of demo-
graphic, anthropometric, and diabetes-
related characteristics of patients with
type 1 diabetes (19,20). Local data-
control authorities approved data collec-
tion and anonymous analysis for study
purposes; participating centers are listed
in the online appendix (available at http://
dx.doi.org/10.2337/dc07-0282). Data
acquisition for the present analysis was
done until February 2007 and included a
total number of 27,805 children, adoles-
cents, and adults with type 1 diabetes

consecutively registered at 262 centers for
pediatric or adult diabetes care. The fol-
lowing independent risk factors for devel-
opment of nephropathy were analyzed by
logistic regression and stepwise selection
of parameters: diabetes duration, age at
diagnosis, sex, blood pressure, A1C, dys-
lipidemia, cumulative A1C, and smoking.

Assessment of nephropathy
Screening for microalbuminuria was per-
formed by the following methods: 1) mea-
surement of the urine albumin-to-
creatinine ratio (UAC) in a random spot
collection, 2) 24-h collection with creati-
nine, and 3) timed (e.g., overnight) collec-
tion. Microalbuminuria or macroalbu-
minuria was defined as at least two in-
creased urine albumin tests during the fol-
low-up period. Within the most recent year,
albuminuria was determined by the UAC
ratio in 12.1%, AER (24 h) in 31.7%, and
albumin concentration from a timed over-
night collection in 56.2% of subjects.
Thresholds were AER �20 �g/min or a

UAC �2.5 mg/mmol, according to guide-
lines of American Diabetes Association (21).
Macroalbuminuria was defined as AER
�200 �g/min or a UAC �35 mg/mmol.
Albumin and creatinine were measured by
the center-specific laboratory methods
that had to meet German internal and
external quality requirements for labora-
tory analysis. Patients with ESRD (requiring
dialysis/transplantation) were included in
the Kaplan-Meier survival analysis to ade-
quately reflect prevalence of severe ne-
phropathy but were excluded from
regression analysis for macroalbuminuria-
associated covariates.

Risk factors for diabetic kidney
disease
A1C. Glycemic control was assessed as
mean A1C during the follow-up period.
Single-center A1C methods were stan-
dardized according to the DCCT refer-
ence range of 4.05–6.05% (22).
Hypertension. Systolic and diastolic
blood pressure were measured according
to current guidelines. Age-specific normal
values were obtained from the Task Force
on Blood Pressure Control in Children
and Adolescents (23). Hypertension was
defined as the median value �95th per-
centile of at least three independent mea-
surements. Hypertension was classified as
a dichotomous variable in macroalbu-
minuric patients but as a continuous vari-
able (systolic and diastolic blood
pressure) in the large cohorts of nor-
moalbuminuric and microalbuminuric
patients.
Dyslipidemia. Dyslipidemia was diag-
nosed if at least one lipid parameter was
permanently increased. Cutoffs were for
total cholesterol �200 mg/dl, LDL cho-
lesterol �160 mg/dl, and triglycerides
�150 mg/dl. In logistic regression analy-
sis for microalbuminuria, triglycerides,
and HDL and LDL cholesterol were
treated as independent, continuous vari-
ables, whereas for macroalbuminuria,
dyslipidemia was treated as a dichoto-
mous variable.
Smoking. Subjects’ smoking habits were
asked at each single visit. If at least one
cigarette per day was reported, patients
were classified as smokers.
Pharmacotherapy. Patients with dyslip-
idemia and systolic or diastolic hyperten-
sion were treated with lipid-lowering or
antihypertensive drugs. Lipid-lowering
drugs used were statins, fibrates, or cho-
lesterol absorption inhibitors such as
ezetimibe. Treatment with antihyperten-
sive drugs were classified and docu-

Table 1—Clinical and laboratory characteristics of the 27,805 patients with type 1 diabetes
from 262 centers included in the nephropathy evaluation

Normal

Nephropathy

P*Microalbuminuria
Macroalbuminuria/

ESRD

n 26,644 919 52/229
Sex, male (%) 52.6 52.1 58.0 NS
Age at last visit (years) 21.1 � 0.09 28.7 � 0.64 37.2 � 1.2 �0.0001
Diabetes duration (years) 8.3 � 0.054 12.6 � 0.39 20.1 � 0.86 �0.0001
Age at onset (years) 12.9 � 0.07 16.1 � 0.45 17.2 � 0.78 �0.0001
Insulin dose (IE � kg�1 �

day�1)
0.80 � 0.002 0.82 � 0.01 0.71 � 0.37 0.025

Insulin pump treatment (%) 20.0 20.6 21.8 NS
A1C (%) 7.97 � 0.01 8.24 � 0.07 8.3 � 0.18 0.0019
Smoking (cigarettes/day) 2.3 � 0.04 4.2 � 0.30 3.9 � 1.0 �0.0001
Blood pressure

Systolic (mmHg) 119.5 � 0.09 123.0 � 0.51 126.6 � 2.3 �0.0001
Diastolic (mmHg) 70.2 � 0.06 72.2 � 0.3 74.2 � 1.3 �0.0001

Most recent BMI-SDS† 0.65 � 0.06 0.75 � 0.04 0.71 � 0.12 0.024
Dyslipidemia

Total cholesterol (mg/dl) 183.4 � 0.29 197.1 � 1.7 203.3 � 5.7 �0.0001
LDL cholesterol (mg/dl) 99.9 � 0.28 106.3 � 1.5 111.4 � 7.1 �0.0001
Triglycerides (mg/dl) 119.4 � 0.62 139.8 � 3.6 144.3 � 11.2 �0.0001

Antihypertensive
medications‡

ACE inhibitors (%) 4.9 � 0.13 14.7 � 1.1 34.6 � 5.4 �0.0001
Ca antagonists (%) 1.0 � 0.06 4.7 � 0.8 21.8 � 4.7 �0.0001
Diuretics (%) 1.9 � 0.01 7.0 � 0.8 30.7 � 5.2 �0.0001
�-blockers (%) 2.6 � 0.01 7.6 � 0.9 25.6 � 4.9 �0.0001

Angiotensin receptor blockers
(Sartane) (%)

0.8 � 0.05 3.1 � 0.6 11.6 � 3.6 �0.0001

Data are means � SE. *Statistics normal versus nephropathy, Kruskal-Wallis test. †According to actual
normative data of the German Working Group of Obesity. ‡Alone or in combination. NS, not significant.
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mented as ACE inhibitors, angiotensine
receptor blockers, �-blockers, diuretics,
and calcium channel blockers. Pharmaco-
therapy with these respective drugs was
documented in a qualitative fashion.

Statistical analysis
The SAS 9.1 statistical software package
was used for data evaluation and statisti-
cal analysis. In detail, the relative con-
tribution of covariates to risk for ne-
phropathy was analyzed by logistic re-
gression and stepwise selection of
parameters, Kaplan-Meier method for
survival analysis, and the log-rank test for
trend. Differences between groups of nor-
moalbuminuria, microalbuminuria, and
overt nephropathy were analyzed by the
nonparametric Mann-Whitney U test (Ta-
ble 1). The odds ratio (95% Wald confi-
dence limits) are reported for logistic
regression analysis, and data were cor-
rected for use of antihypertensive and lip-
id-lowering drugs. Data are presented as
means � SE, where appropriate.

RESULTS

Cohort characteristics
The study cohort was analyzed in Febru-
ary 2007 from 262 diabetes centers in
Germany and Austria, with a total num-
ber of 49,027 patients with type 1 diabe-
tes being continuously followed in the
DPV. At the time of analysis, 27,805 pa-
tients had at least two documented urine
tests with clear results of normal or albu-
minuric reading in at least two follow-up
visits and gave consent for scientific data
evaluation. We assume that the cohort an-
alyzed is representative for all patients fol-
lowed in the DPV, as A1C (mean;
included 7.99 vs. all 7.92%), male sex
(52.5 vs. 51.9%), age (21.1 vs. 21.4
years), diabetes duration (8.3 vs. 7.8
years), and age at diabetes onset (12.9 vs.

13.6 years) were largely comparable. The
following were the characteristics of the
analyzed cohort: follow-up time (median
[interquartile range]) 2.5 years (0.5–5.3),
follow-up visits 12.0 (3.0–26.0), A1C de-
terminations 9.0 (9–21), and blood pres-
sure measurements 12 (3.0–26.0). Age at
the most recent visit (Fig. 1A) and age at
diagnose (Fig. 1B) are predominantly in
the pediatric and adolescent age. At their
most recent visit, normal urine tests were
found in 26,605 patients (95.6%) and at
least two abnormal urine tests were found
in 1,200 patients (4.3%). Among the lat-
ter group, 281 of 1,200 (23.4%) had at
least two urine tests in the defined range
of macroalbuminuria (AER �200 �g/
min, UAC �35 mg/mmol/l) or ESRD,
with ongoing dialysis or after renal trans-
plantation. In detail, 52 patients were
only macroalbuminuric and 229 pro-
ceeded toward ESRD.

Comparing patients with normoalbu-
minuria and micro- or macroalbumin-

uria, the variables A1C, systolic and
diastolic blood pressure, tobacco con-
sumption, and serum lipids, including
cholesterol, LDL cholesterol, and triglyc-
erides, were found to be higher in patients
with increased albumin excretion (Table
1). But these changes were parallel with
increasing age, changed insulin treatment
regimens, and had longer diabetes dura-
tion, and therefore these findings were
only noticed in a descriptive fashion.
Treatment with antihypertensive drugs
increased with severity of nephropathy,
but it still was unacceptably low in pa-
tients with micro- or macroalbuminuria
(Table 1).

Survival analysis of micro- and
macroalbuminuria
Kaplan-Meier analysis revealed that after
median diabetes duration of 40 years,
25.4% (95% CI 22.3–28.3) of patients
had microalbuminuria and 9.4% (8.3–
11.4) had macroalbuminuria or ESRD

Figure 1—Age at last visit (A) and age at time of diagnosis (B) of 27,805 patients with type 1 diabetes included into nephropathy evaluation.

Figure 2—Survival free period of microalbuminuria (solid lines) and macroalbuminuria
(hatched lines) in patients with type 1 diabetes. Graphs show cumulative incidence and 95% CI of
microalbuminuria and macroalbuminuria obtained by Kaplan-Meier hazard analysis.
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(Fig. 2). To describe the long-term influ-
ence of A1C on nephropathy, patients
were stratified into two groups: one with
A1C levels above and one with A1C levels
below 7.5%. The group with with A1C
levels �7.5% developed microalbumin-
uria (log-rank test, �2 � 51.6, P �
0.0001) and macroalbuminuria (log-rank
test, �2 � 8.2, P � 0.0042) significantly
earlier than those with levels �7.5%
(Figs. 3A and B). Differences between
groups became evident after diabetes du-
ration of 	10 years for microalbuminuria
and 20 years for macroalbuminuria.

Nephropathy and age, sex, smoking,
and onset of diabetes
Logistic regression analysis with stepwise
selection of parameters identified diabe-
tes duration, dyslipidemia, and mean
A1C as significant risk factors for devel-
opment of microalbuminuria. When
blood pressure and lipid levels were ana-
lyzed as continuous variables, and not as
dichotomous cutoff levels, systolic and
diastolic blood pressure, but also triglyc-
eride and LDL cholesterol concentration,
became independent and significant risk
factors for the development of microalbu-
minuria. In the relatively small number of
patients with macroalbuminuria, diabetes
duration, A1C, male sex, and dyslipide-
mia were associated with the develop-
ment of overt nephropathy. Also, young
age at diagnosis reduced the risk of mi-
croalbuminuria, when adjusted for diabe-
tes duration and other independent
covariates (Table 2). Smoking and sex
were included in a stepwise selection of
potential risk factors, but only male sex
was associated with the development of
macroalbuminuria.

CONCLUSIONS — We analyzed the
prevalence of incipient and overt ne-
phropathy in a large cohort of 27,805
children, adolescents, and adults with
type 1 diabetes. These data give a repre-
sentative and up-to-date profile of dia-
betic nephropathy and associated risk
factors in Germany and Austria. Detailed
analysis of risk factors is of particular im-
portance, as these could be influenced
and controlled during diabetes follow-up.

Within 40 years of diabetes duration,
calculated prevalence was 25.4% for per-
sistent microalbuminuria but �10% for
macroalbuminuria or ESRD. This is a
lower rate of nephropathy than reported
earlier from cohorts followed in Den-
mark, England, and western Australia,
with similar age of patients (11,17,24).

The most prominent difference in our
study was a lower A1C level compared
with these studies. But finally, many fac-
tors, including cohort characteristics and
study design, could explain deviating cu-
mulative incidence of nephropathy.

In our study, microalbuminuria was
associated with higher A1C, serum lipids,
in-detail LDL cholesterol and triglycer-
ides, and systolic and diastolic blood
pressure as well as with older age at diag-
nosis. Macroalbuminuria, documented in
a much smaller number of patients, was
linked to A1C, dyslipidemia, and male sex.

Increased A1C as a marker of chronic
hyperglycemia is the most established
and unquestioned risk factor for diabetic
kidney disease in adult- and pediatric-
onset type 1 diabetes (11,13,14,17). The
DCCT and the follow-up Epidemiology of

Diabetes Interventions and Complica-
tions study clearly demonstrate that pre-
vious intensive treatment of diabetes with
near-normal glycemia has an extended
benefit in delaying the development and
progression of diabetic nephropathy (9,
10). By Kaplan-Meier analysis, we found
that a cumulative A1C of �7.5% signifi-
cantly raised the probability of micro- and
macroalbuminuria. This effect became
evident after diabetes duration of �10
years for microalbuminuria and �20
years for macroalbuminuria. Therefore,
efforts to normalize metabolic control
should be started right from diabetes on-
set, although consequences on renal func-
tion might not be seen before adult age.

We found both systolic and diastolic
blood pressure to be independently asso-
ciated with microalbuminuria. Hyperten-

Figure 3—Influence of A1C on development of microalbuminuria (A) and macroalbuminuria (B)
over time (Kaplan-Meier analysis). Graphs show cumulative incidence of patients with A1C above
(solid lines) and �7.5% (hatched lines).
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sion, per se, was not an independent risk
factor for nephropathy and was lower in
patients with macroalbuminuria or dialy-
sis. This fact might reflect strict antihyper-
tensive treatment regimens in patients
with advanced renal disease. But whether
or not blood pressure is the cause or result
of nephropathy, hypertension should
strictly be treated also in pediatric and ad-
olescent patients (25).

Dyslipidemia, as the strongest single
factor for elevated LDL cholesterol, is as-
sociated with progression of diabetic kid-
ney disease (12,26). We found that both
LDL cholesterol and triglycerides are in-
dependently associated with microalbu-
minuria. Furthermore, association
between serum advanced glycation end
products and increased serum cholesterol
imply involvement of lipids in the forma-
tion of advanced glycation end products
and, by this way, in renal disease (27).

The rate of smokers among patients
with type 1 diabetes is alarmingly high, in
detail 10.5% of adolescents and 34.8% of
young adults in Germany and Austria
(28); however, it has recently been con-
troversially discussed whether smoking is
a risk factor for development or progres-
s ion o f d iabe t i c k idney d i sease
(13,29,30). We did not find that smoking
increased the likelihood of nephropathy,
but programs to keep children and ado-
lescents away from starting smoking
should be an important factor of contin-
uous diabetes care, first of all to prevent
macrovascular disease (15,16).

Sex influence on nephropathy has
been found to be age dependent. In ado-
lescents, female sex increases the risk of
microalbuminuria (14,17), while in

adults and in terms of advanced nephrop-
athy, men are at higher risk to develop
renal disease, if data were adjusted to so-
cial class, A1C, smoking status, and blood
pressure (11,16). We found no link be-
tween sex and microalbuminuria but
higher risk for macroalbuminuria in male
subjects.

Several studies have indicated that
prepubertal duration of diabetes delays
the onset of diabetic nephropathy. In our
study, microalbuminuria was delayed by
very early onset of diabetes and confirmed
these previous prospective studies
(14,31,32). We do not suggest that poor
metabolic control in prepubertal children
does not add to the risk of microvascular
complications, but there is evidence that
it does so at a lower rate (33).

In conclusion, diabetes duration,
long-term metabolic control (A1C), dys-
lipidemia, and male sex have been identi-
fied as independent risk factors for the
development of nephropathy in this large
cohort. We conclude from our data that
diabetes care must continue to focus on
long-term metabolic control as well as on
reduction of additional risk factors like
dyslipidemia and blood pressure.
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