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Aims: To establish the association between albuminuria and cardiovascular risk factors as well as micro- and
macrovascular complications in type 1 and insulin-treated type 2 diabetes, both in the presence and in the
absence of reduced estimated glomerular filtration rate (eGFR).
Methods: Cross-sectional study including 7640 insulin-treated diabetic patients (33% type 1) treated in
specialist diabetes centers. Albuminuria was defined as ≥30 mg/g, 20 mg/L, 20 μg/min or 30 mg/24 h.
Reduced eGFR was defined as b60 mL/min/1.73 m2 (CKD-EPI equations).
Results: Albuminuria, reduced eGFR or a combination was more prevalent in type 2 (21.5%, 15.9% and 16.5%)
than in type 1 diabetes (16.1%, 4.7% and 4.0%, all P b 0.001 vs. type 2). Albuminuria was associated with
poorer control of blood pressure, blood lipids and glycemia as well as higher prevalence of retinopathy and

macrovascular disease, regardless of preserved/reduced eGFR or diabetes type. Reduced eGFR was associated
with higher prevalence of micro- and macrovascular complications especially in type 2 diabetes. Combined
presence of albuminuria and reduced eGFR was associated with the worst cardiovascular outcomes.
Conclusions: Albuminuria and impaired renal function are prevalent in type 1 and insulin-treated type 2
diabetes. Albuminuria, but also normoalbuminuric renal impairment, is associated with micro- and
macrovascular complications.

© 2013 Elsevier Inc. All rights reserved.
1. Introduction

Chronic kidney disease (CKD) is a risk factor for cardiovascular
(CV) morbidity and mortality both among non-diabetic and diabetic
individuals (Sarnak et al., 2003). Because diabetes is the main cause
of CKD (Gross et al., 2005), much attention has gone to elucidating
how the additional presence of diabetic kidney disease (DKD)
adversely affects the already increased CV risk among diabetic
patients (de Boer et al., 2009; Foley et al., 2005; Ninomiya et al.,
2009; Targher et al., 2011).

The natural history of DKD consists of progression from micro-
albuminuria to macroalbuminuria and overt proteinuria (Gross et al.,
2005). However, albuminuria as such is an independent CV risk factor
(de Zeeuw et al., 2004; Gerstein et al., 2001), also in non-diabetic
individuals, suggesting that its presence is not only a marker of early
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stage DKD. On the other hand, renal impairment, defined as estimated
glomerular filtration rate (eGFR) b60 mL/min per 1.73 m2, may also
occur in the absence of albuminuria in people with diabetes (Kramer,
Nguyen, Curhan, & Hsu, 2003), so-called normoalbuminuric renal
impairment. Previous studies have shown that in type 2 diabetes,
renal impairment is associated with normoalbuminuria in as many as
50% of the cases (Ito et al., 2010; Kramer et al., 2003; Kramer et al.,
2007; MacIsaac et al., 2004; Penno et al., 2011; Retnakaran, Cull,
Thorne, Adler, & Holman, 2006; Rigalleau et al., 2007; Thomas et al.,
2009; Yokoyama et al., 2009). This may be due to high prevalence of
concomitant treatment for hypertension and dyslipidemia, prevent-
ing the development of albuminuria (Pavkov et al., 2009), but may
also be due to other causes of renal disease in individuals with
diabetes, in particular ischemic renal function impairment.

Among normoalbuminuric type 2 diabetic patients, renal impair-
ment is associatedwith ahigher prevalence of CV risk factors andmicro-
andmacrovascular complications compared to patients with preserved
renal function (Ito et al., 2010; Penno et al., 2011; Solini et al., 2012;
Thomas et al., 2009; Yokoyamaet al., 2009). Consistentwith these cross-
sectional observations, a number of prospective studies in type 2
diabetes have reinforced the view that albuminuria and renal
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impairment are each independent predictors of CV morbidity and
mortality (de Boer et al., 2009; Drury et al., 2010; Ninomiya et al., 2009;
Targher et al., 2011). However, in type 1 diabetes, the association of
albuminuria and renal impairmentwith CV risk has rarely been studied
and only in small cohorts (Caramori, Fioretto, &Mauer, 2003). There are
reasons to believe that the impact of the association between
albuminuria and renal function impairment may differ between type
1 and type 2 diabetes. Indeed, in type 1 diabetes a more homogeneous
renal phenotype is observed, which is more tightly associated with
glycemic and blood pressure control than in type 2 diabetes (Fioretto,
Caramori, & Mauer, 2008; Kramer et al., 2003).

The aims of the present study were (a) to investigate the
association between albuminuria and other cardiovascular risk factors
and the occurrence of micro- and macrovascular complications in
diabetic patients with or without renal impairment, and (b) to
investigate whether this association differed between type 1 and type
2 diabetes. We used data from a large cross-sectional study among
insulin-treated diabetic patients attending hospital-based specialist
diabetes centers in Belgium.

2. Subjects, materials and methods

2.1. Study population

Data were collected in 2009 as part of a nation-wide quality
improvement (QI) initiative in hospital-based specialist diabetes
centers in Belgium (N = 113). Details of this QI initiative have
previously been published (Debacker et al., 2008a), which show that
it yields valid data for monitoring of quality of care and of disease
burden among diabetic patients treated in secondary care.

The study population of this QI initiative was limited to adult
diabetic patients who were treated with at least 2 insulin injections
per day (N = 105,975). Centers were asked to complete a
standardized electronic questionnaire by reviewing charts for a
sample of 10% of these patients (with a minimum of 50 patients and
including at least 25 patients with type 1 diabetes). This yielded data
of 11,303 patients.

For the present study, patients without reported diabetes
duration, with prior need for renal replacement therapy (either
dialysis or transplantation) or without reported indicators of kidney
function (urinary albumin and serum creatinine) were excluded
(N = 3663). Patients without reported indicators of kidney function
did not significantly differ from the final sample in terms of age, sex
and diabetes duration.

2.2. Biochemical measurements and patient classification

All reported laboratory test results were obtained using center-
specific methods and were abstracted from the patient medical file.
No attempts were made to standardize the data.

Serum creatinine values were used to estimate GFR using the
Chronic Kidney Disease—Epidemiology Collaboration (CKD-EPI)
equation for non-black patients (Levey et al., 2009). Reduced eGFR
was defined as eGFR b60 mL/min per 1.73 m2 (Levey et al., 2003).We
performed additional analyses using the original, 4-variable Modifi-
cation of Diet in Renal Disease (MDRD) Study equation for non-black
patients (Levey et al., 2003), which yielded essentially the same
results as with the CKD-EPI equation (data not shown).

Results of albuminuria testing were reported as the albumin–
creatinine ratio (ACR, mg/g, 26% of all reported test results) or
albumin concentration (mg/L, 56%) for spot urine samples or as μg/
min or mg/24 h for timed (2%) or 24-h (15%) collections. Cut-offs for
micro- and macroalbuminuria were defined as follows: 30 and
300 mg/g, 20 and 200 mg/L, 20 and 200 μg/min, 30 and 300 mg/
24 h. These, or lower, cut-offs have previously been shown to predict
new cardiovascular events in type 2 diabetes (Viana et al., 2012). For
the purpose of this study, the term “albuminuria” was defined as
micro- or macroalbuminuria, while the absence of albuminuria
implied normoalbuminuria.

LDL cholesterol plasma levels were not measured directly but
estimated by the Friedewald formula for patients with plasma
triglycerides b400 mg/dL (Friedewald, Levy, & Fredrickson, 1972).

All HbA1c determinations were DCCT aligned and Belgian clinical
laboratories continuously participate in a project of external quality
assurance making HbA1c results comparable between different
laboratories (Debacker et al., 2008b).

2.3. Cardiovascular complications

History of micro- and macrovascular disease, including lower limb
ulceration or amputation, was abstracted from the patient medical
file. Presence of retinopathy was defined as non-proliferative diabetic
retinopathy or worse.

2.4. Statistical analysis

Data are presented as mean ± standard deviation, unless
specified otherwise. Data were analyzed using linear or logistic
regression, allowing for main effects (separate contributions of
reduced eGFR and albuminuria) and interaction effects (combined
contribution of reduced eGFR and albuminuria). Generalized
estimating equations (GEE), specifying an exchangeable correlation
structure and robust standard errors, were used to obtain estimates
for regression coefficients and standard errors which were corrected
for the correlation of outcomes within centers. Similar results were
obtained using a different modeling approach, which involved
generalized linear mixed models with random intercepts at the
center-level. Only the results of the GEE models are reported here.
Outcomes (CV risk factors and complications) were adjusted for age,
sex and diabetes duration. Further adjustment for body mass index
(BMI), smoking status and treatment status lowered statistical
power, as these covariates were not known for all patients, but
yielded similar coefficients compared to models adjusted only for
age, sex and diabetes duration. It was assumed that the effects of
age, sex and diabetes duration were similar in all centers. Tables 2
and 3 in the Results section present marginal (population-averaged)
predicted means and proportions, along with their 95% confidence
intervals (CI).

As this study was based on chart review, we assessed whether
missingness of the outcome status was associated with reduced eGFR
and/or albuminuria. Missingness of outcome status was generally
low: of 22 incompletely known outcome variables, missingness
exceeded 5% only for smoking status (5.5%), BMI (5.7%) and
retinopathy status (9.7%). Moreover, the difference in missingness
never exceeded more than 3 percentage points between albuminuria
and eGFR categories. Therefore, it is unlikely that missingness will
have confounded the studied associations.

All analyses were done in Stata (version 10.1) using the xtgee
function. Statistical significance was defined as P b 0.05. No adjust-
ment was made for multiple testing.

3. Results

3.1. Characteristics of the sample

The sample consisted of 7640 diabetic patients, of whom 33.2% had
type 1 diabetes. In type 1 diabetes, mean age was 46.7 ± 15.2 years,
while it was 67.3 ± 11.5 years in type 2 diabetes. Mean diabetes
duration was 18.8 ± 12.9 and 15.2 ± 8.9 years in type 1 and type 2
diabetes respectively. Male patients were overrepresented in type 1
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diabetes (57.7%) while both sexes were equally represented in type 2
diabetes. All patients injected insulin at least twice a day. Rates of
antihypertensive and lipid-lowering treatment were 39.5% and 36.4%
in type 1 diabetes and 84.0% and 72.6% in type 2 diabetes.

3.2. Prevalence of albuminuria and reduced eGFR

Table 1 shows that 24.9% and 53.9% of type 1 and type 2 diabetic
patients respectively had CKD (albuminuria and/or reduced eGFR).
Albuminuria was observed in 20.2% and 38.0% of type 1 and type 2
diabetic patients respectively (Table 1). Macroalbuminuria was
present in 4.6% and 9.3% of type 1 and type 2 diabetic patients
respectively. Reduced eGFR was observed in 8.7% and 32.5% of type 1
and type 2 diabetic patients respectively (Table 1). Using the Kidney
Disease Outcomes Quality Initiative (KDOQI) classification for CKD,
7.3% and 1.4% of type 1 and 27.2% and 5.3% of type 2 diabetic patients
were in CKD stage 3 (30–59 mL/min per 1.73 m2) and stages 4–5
(b30 mL/min per 1.73 m2) respectively. The prevalence of albumin-
uria in CKD stages 3 and 4–5 was 44.1% and 55.6% in type 1 and 47.2%
and 70.5% in type 2 diabetic patients respectively. Among patients
with CKD and known retinopathy status, 310 out of 588 type 1
diabetic patients (52.7%) and 1017 out of 2425 type 2 diabetic
patients (41.9%) concomitantly had retinopathy (any stage), and
among patients with coexistence of CKD and retinopathy, most also
had albuminuria (82.3% and 73.7% respectively). Note that patients
on renal replacement therapy (dialysis or kidney transplantation)
were excluded from the analysis (317 patients [2.8%] out of a total of
11,303 patients).
Table 1
Demographic and selected clinical parameters of type 1 (T1) and insulin-treated type 2 (T

Type (N) Albuminuria (alb) and/or reduced eGFR (ReGFR)

alb− ReGFR- alb+ ReGFR− alb− ReG

No. (%) T1 1908 (75.1) 410 (16.1) 120 (4.7)
T2 2351 (46.1) 1094 (21.5) 812 (15.9)

Age, years T1 44.6 ± 14.3 47.1 ± 14.4 65.5 ± 12
T2 63.7 ± 11.2 65.2 ± 11.4 74.0 ± 8.2

Diabetes duration,
years

T1 17.3 ± 12.0 19.6 ± 13.0 27.3 ± 15

T2 13.7 ± 8.4 15.0 ± 8.6 17.0 ± 9.1
Female sex (%) T1 795 (41.7) 151 (36.8) 82 (68.3)

T2 1171 (49.8) 454 (41.5) 549 (67.6)
Current smoker (%) T1 (2408) 413 (22.8) 118 (30.4) 19 (16.8)

T2 (4814) 344 (15.4) 187 (18.1) 38 (5.0)
BMI, kg/m2 T1 (2418) 25.6 ± 4.2 26.1 ± 4.9 27.0 ± 5.1

T2 (4786) 31.1 ± 6.0 31.8 ± 6.1 31.5 ± 6.0
Serum creatinine,
μmol/La

T1 70.7 (61.9–80.4) 76.0 (65.4–76.0) 114.9 (95.

T2 72.5 (61.9–83.1) 76.9 (64.5–88.4) 108.7 (95.
Estimated GFR,
mL/min per 1.73 m2

T1 101.0 ± 20.1 95.0 ± 21.3 45.5 ± 13

T2 85.5 ± 15.2 83.5 ± 17.0 45.9 ± 11
Antihypertensive
treatment (%)

T1 (2509) 570 (30.3) 245 (60.2) 82 (68.9)

T2 (5063) 1755 (75.4) 951 (87.3) 752 (93.2)
Treatment with ACE-I
or ARB (%)

T1 (2521) 471 (24.9) 222 (54.3) 63 (52.5)

T2 (5054) 1417 (60.9) 822 (75.7) 611 (75.7)
Lipid-lowering
treatment (%)

T1 (2533) 618 (32.4) 174 (42.9) 70 (58.3)

T2 (5066) 1642 (70.3) 783 (72.0) 620 (76.8)
Basal-bolus insulin
therapy (%)

T1 (2536) 1850 (97.1) 384 (94.1) 112 (93.3)

T2 (5085) 1248 (49.7) 533 (49.1) 345 (42.5)
Oral antidiabetic
drugs (%)

T1 (2537) 143 (7.5) 43 (10.5) 15 (12.5)

T2 (5082) 1407 (60.1) 682 (62.6) 396 (48.8)

Data are presented as frequencies (%) or means ± standard deviation. The final three colum
the combined presence of albuminuria and reduced eGFR (Palb:eGFR).

a Presented as median (IQR). P values were calculated using linear regression on log-tra
Albuminuria was absent in 54.1% and 49.1% of type 1 and type 2
diabetic patients with reduced eGFR respectively (P N 0.05 between
diabetes types, Table 1). Odds of normoalbuminuria (vs. albuminuria)
among patients with reduced eGFR increased with age, decreased
with diabetes duration, were higher in females and were lower in
patients with retinopathy (data not shown).

3.3. Characteristics of patients with albuminuria and/or reduced eGFR

Table 1 shows patient characteristics, stratified by the presence of
albuminuria and/or reduced eGFR. Independent of diabetes type,
albuminuria was associated with longer diabetes duration, male sex,
smoking, lower eGFR and more frequent antihypertensive treatment
(consisting mostly of angiotensin II converting enzyme inhibitors
(ACE-I) and angiotensin II receptor blockers (ARB)), both in patients
with preserved and reduced eGFR. Albuminuria was associated with
higher age in patients with preserved eGFR but with lower age in
patients with reduced eGFR. Reduced eGFR by itself was indepen-
dently associated with higher age, longer diabetes duration, female
sex, less frequent smoking, higher BMI (in type 1 diabetes), more
frequent antihypertensive treatment, more frequent lipid-lowering
treatment and less frequent treatmentwith oral antidiabetic drugs (in
type 2 diabetes), regardless of albuminuria.

3.4. Cardiovascular risk factors

Table 2 shows that albuminuria was associated with poorer control
of blood pressure, blood lipids and HbA1c,mostly independent of eGFR.
2) diabetic patients with albuminuria and/or reduced eGFR (N = 7640).

Total Palb PeGFR Palb:
eGFRFR+ alb+ ReGFR+

102 (4.0) 2540 (100.0) – – –

843 (16.5) 5100 (100.0) – – –

.2 61.5 ± 14.0 46.7 ± 15.2 0.021 b0.001 0.005
73.6 ± 9.8 67.3 ± 11.5 b0.001 b0.001 0.002

.3 32.7 ± 13.7 18.8 ± 12.9 0.001 b0.001 0.127

17.8 ± 9.5 15.2 ± 8.9 b0.001 b0.001 0.426
47 (46.1) 1075 (42.3) 0.051 b0.001 0.006
399 (47.3) 2573 (50.5) b0.001 b0.001 b0.001
17 (17.2) 567 (23.5) 0.004 0.090 0.336
61 (7.7) 630 (13.1) 0.055 b0.001 0.237
27.3 ± 5.1 25.8 ± 4.4 0.093 0.003 0.851
31.2 ± 6.1 31.3 ± 6.1 0.001 0.140 0.010

5–134.4) 133.9 (114.9–171.5) 73.4 (63.6–86.6) b0.001 b0.001 0.111

0–129.9) 124.6 (107.8–163.5) 83.1 (69.8–103.4) 0.001 b0.001 b0.001
.7 41.3 ± 13.6 95.0 ± 25.5 b0.001 b0.001 0.953

.5 40.7 ± 13.1 71.4 ± 24.5 0.001 b0.001 b0.001
93 (92.1) 990 (39.5) b0.001 b0.001 0.248

794 (94.7) 4252 (84.0) b0.001 b0.001 0.016
89 (88.1) 845 (33.5) b0.001 b0.001 0.064

657 (78.8) 3507 (69.4) b0.001 b0.001 b0.001
60 (58.8) 922 (36.4) b0.001 b0.001 0.296

632 (75.6) 3677 (72.6) 0.098 b0.001 0.206
96 (94.1) 2442 (96.3) 0.028 0.007 0.167

399 (47.4) 2525 (49.7) 0.230 b0.001 0.007
10 (9.9) 211 (8.3) 0.061 0.083 0.356

316 (37.7) 2801 (55.1) 0.091 b0.001 b0.001

ns show P values for the association with albuminuria (Palb), reduced eGFR (PeGFR), and

nsformed values.



Table 2
Cardiovascular risk factor control as a function of the presence of albuminuria and/or reduced eGFR.

Type
(N)

Albuminuria (alb) and/or reduced eGFR (ReGFR) Total Palb PeGFR Palb:eGFR

alb− ReGFR− alb+ ReGFR− alb− ReGFR+ alb+ ReGFR+

Systolic BP, mmHg T1 (2526) 127.1 (126.1–128.0) 131.1 (129.2–132.9) 127.6 (124.9–130.3) 136.7 (132.6–140.9) 128.2 (127.2–129.1) b0.001 0.703 0.015
T2 (5078) 135.9 (134.6–137.1) 139.4 (137.9–141.0) 135.6 (134.2–137.0) 139.0 (137.4–140.6) 137.1 (136.0–138.2) b0.001 0.636 0.949

Diastolic BP, mmHg T1 (2526) 74.2 (73.5–75.0) 76.0 (75.0–76.9) 73.7 (71.8–75.6) 75.5 (73.4–77.6) 74.5 (73.8–75.2) 0.001 0.540 0.948
T2 (5072) 75.8 (75.1–76.6) 76.9 (76.1–77.8) 75.2 (74.3–76.1) 76.3 (75.3–77.4) 76.0 (75.4–76.7) 0.001 0.145 0.951

TC, mg/dL T1 (2511) 181.5 (179.8–183.2) 185.1 (181.6–188.5) 182.4 (176.5–188.4) 188.8 (179.6–198.0) 182.4 (180.9–184.0) 0.074 0.771 0.612
T2 (5043) 171.8 (169.9–173.8) 176.3 (173.2–179.4) 170.2 (167.2–173.3) 175.5 (172.1–178.8) 173.2 (171.4–174.9) 0.010 0.310 0.756

LDL-C, mg/dL T1 (2438) 97.5 (96.0–98.9) 99.9 (96.6–103.3) 97.6 (92.5–102.6) 106.9 (98.8–115.1) 98.3 (96.9–99.7) 0.162 0.971 0.150
T2 (4838) 92.8 (91.1–94.5) 95.8 (93.2–98.5) 90.6 (88.0–93.2) 94.2 (91.3–97.1) 93.3 (91.8–94.8) 0.042 0.098 0.775

HDL-C, mg/dL T1 (2486) 63.8 (62.7–64.8) 61.1 (59.3–62.9) 57.9 (54.0–61.8) 54.6 (49.8–59.5) 62.7 (61.7–63.6) 0.009 0.004 0.856
T2 (4.990) 50.8 (50.1–51.4) 49.2 (48.3–50.2) 47.3 (46.1–48.5) 46.6 (45.4–47.8) 49.2 (48.6–49.8) 0.007 b0.001 0.364

fasting TG, mg/dL T1 (1331) 93.1 (88.9–97.4) 107.9 (99.8–116.0) 106.1 (92.4–119.8) 130.6 (115.4–145.9) 97.7 (94.0–101.5) 0.001 0.103 0.432
T2 (3000) 131.6 (127.3–135.9) 147.9 (140.0–155.9) 147.3 (140.2–154.3) 158.5 (150.6–166.3) 142.0 (137.9–146.1) b0.001 b0.001 0.381

HbA1c, % [mmol/mol] T1 (2531) 7.90 (7.83–7.97)
[62.8 (62.1–63.6)]

8.29 (8.15–8.44)
[67.1 (65.6–68.7)]

8.04 (7.79–8.29)
[64.3 (61.6–67.1)]

8.12 (7.89–8.35)
[65.2 (62.7–67.7)]

7.98 (7.92–8.05)
[63.7 (63.0–64.4)]

b0.001 0.269 0.073

T2 (5081) 7.55 (7.48–7.61)
[59.0 (58.3–59.7)]

7.90 (7.79–8.00)
[62.8 (61.7–63.9)]

7.59 (7.49–7.68)
[59.4 (58.4–60.4)]

7.67 (7.57–7.76)
[60.3 (59.2–61.3)]

7.65 (7.59–7.71)
[60.1 (59.4–60.7)]

b0.001 0.455 0.001

Data are presented asmeans (95% confidence interval). All values were adjusted for age, sex and diabetes duration in linear regressionmodels. The final three columns show P values
for the association with albuminuria (Palb), reduced eGFR (PeGFR), and the combined presence of albuminuria and reduced eGFR (Palb:eGFR).
Abbreviations: BP, blood pressure; TC, total cholesterol; LDL-C, LDL cholesterol; HDL-C, HDL cholesterol; TG, triglycerides.
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No association between reduced eGFR and other CV risk factors was
found, except for (low) HDL cholesterol and (high) fasting tri-
glycerides. Of note, among type 1 diabetic patients with reduced
eGFR the association between albuminuria and systolic blood
pressure was more pronounced than among those with preserved
eGFR (significant interaction between albuminuria and reduced
eGFR, P = 0.015). This was not the case in type 2 diabetes. The
association of albuminuria with HbA1c was less pronounced among
patients with reduced eGFR compared to patients with preserved
eGFR (trend in type 1 diabetes and significant interaction in type 2
diabetes, P b 0.001).
3.5. Micro- and macrovascular complications

Table 3 shows that in patients with both preserved and reduced
eGFR the presence of albuminuria was associated with a significantly
higher prevalence of most of the listed diabetic complications. In type
2 diabetes, prevalence of retinopathy or macrovascular disease was
Table 3
Prevalence of microvascular and macrovascular complications as a function of the presence

Type (N) Albuminuria (alb) and/or reduced eGFR

alb− ReGFR− alb+ ReGFR− al

Retinopathy (any stage), % T1 (2355) 26.7 (23.9–29.8) 47.1 (41.3–53.0) 28
T2 (4547) 25.1 (22.6–27.8) 40.0 (36.2–43.9) 33

Macrovascular complications
History of ulcer or gangrene, % T1 (2494) 1.4 (0.9–2.2) 3.9 (2.5–6.0) 1

T2 (4872) 3.7 (2.9–4.8) 7.5 (5.9–9.5) 8
Lower limb amputations, % T1 (2496) 0.5 (0.3–1.0) 1.2 (0.6–2.3) 0

T2 (4950) 1.2 (0.8–1.9) 3.1 (2.2–4.4) 3
History of peripheral
angioplasty or bypass, %

T1 (2493) 1.0 (0.6–1.6) 1.4 (0.8–2.7) 2

T2 (4930) 3.4 (2.7–4.3) 7.3 (5.8–9.0) 7
History of PCI or CABG, % T1 (2524) 1.7 (1.3–2.3) 3.2 (1.9–5.4) 3

T2 (5005) 13.5 (11.8–15.3) 15.5 (13.4–17.9) 20
History of MI, % T1 (2527) 1.5 (1.0–2.2) 2.9 (1.7–4.8) 2

T2 (4992) 9.5 (8.4–10.7) 12.2 (10.6–14.1) 12
History of CVA or TIA, % T1 (2525) 1.0 (0.6–1.8) 2.0 (1.1–3.8) 0

T2 (5000) 6.9 (5.8–8.1) 7.9 (6.5–9.5) 7
History of macrovascular
diseasea, %

T1 (2484) 5.6 (4.6–7.0) 10.9 (8.3–14.2) 7

T2 (4910) 26.6 (24.4–28.9) 36.0 (32.9–39.3) 37

Data are presented as proportions (95% confidence interval). All values were adjusted for age
values for the association with albuminuria (Palb), reduced eGFR (PeGFR), and the combined
Abbreviations: PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft;

a Composite of all macrovascular events listed above.
higher in patients with reduced eGFR than in those with preserved
eGFR regardless of albuminuria status, while this was not the case in
type 1 diabetes. This association of reduced eGFR with complication
prevalence in type 2 diabetes came in addition to the association with
albuminuria. Interestingly, again in type 2 diabetic patients, but not in
type 1 diabetic patients, the prevalence of most macrovascular
complications was equal or even higher when comparing patients
with reduced eGFR to those with isolated albuminuria with preserved
eGFR (Table 3).
4. Discussion

The present study investigated the association of albuminuria and
renal impairment with CV risk factors and diabetic complications in a
population of type 1 diabetic and insulin-treated type 2 diabetic
patients. The main findings were that (a) albuminuria, reduced eGFR
or a combination of both was more prevalent in the type 2 diabetic
patients, (b) in patients with reduced eGFR about half were
of albuminuria and/or reduced eGFR.

(ReGFR) Total Palb PeGFR Palb:eGFR

b− ReGFR+ alb + ReGFR+

.5 (18.3–41.5) 48.8 (33.9–63.9) 31.1 (28.3–34.0) b0.001 0.763 0.958

.4 (29.6–37.4) 45.6 (40.9–50.3) 32.9 (30.7–35.1) b0.001 b0.001 0.166

.8 (0.7–4.7) 5.6 (2.8–10.9) 2.0 (1.4–2.8) b0.001 0.591 0.858

.1 (6.2–10.5) 10.6 (8.6–13.0) 6.3 (5.4–7.2) b0.001 b0.001 0.077

.7 (0.2–3.1) 1.7 (0.5–5.4) 0.7 (0.4–1.1) 0.054 0.677 0.996

.3 (2.2–5.0) 5.5 (4.1–7.4) 2.6 (2.2–3.1) 0.002 0.001 0.250

.1 (0.8–5.3) 0.8 (0.3–2.5) 1.1 (0.8–1.6) 0.324 0.147 0.077

.2 (5.5–9.3) 9.0 (7.1–11.4) 5.7 (4.9–6.7) b0.001 b0.001 0.013

.3 (1.8–6.2) 5.7 (3.1–10.4) 2.1 (1.6–2.8) 0.029 0.030 0.838

.7 (17.6–24.1) 21.9 (19.1–24.9) 16.4 (14.9–18.0) 0.052 b0.001 0.513

.3 (1.1–4.8) 4.2 (2.1–8.2) 1.9 (1.3–2.6) 0.039 0.274 0.991

.5 (10.5–14.8) 15.0 (12.5–18.0) 11.4 (10.4–12.6) 0.002 0.004 0.664

.7 (0.2–2.8) 2.6 (1.0–6.6) 1.2 (0.8–2.0) 0.050 0.546 0.398

.8 (6.1–10.1) 11.3 (9.2–13.8) 7.9 (7.1–8.8) 0.237 0.376 0.275

.2 (4.7–11.1) 16.3 (10.3–24.8) 6.9 (5.7–8.2) b0.001 0.248 0.564

.9 (33.8–42.1) 45.5 (41.7–49.4) 33.4 (31.5–35.4) b0.001 b0.001 0.374

, sex and diabetes duration in logistic regressionmodels. The final three columns show P
presence of albuminuria and reduced eGFR (Palb:eGFR).
MI,myocardial infarction; CVA, cerebrovascular accident; TIA, transient ischemic attack.
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normoalbuminuric, regardless of diabetes type, (c) presence of
albuminuria correlated with the presence of other CV risk factors
and diabetic complications similarly in both diabetes types, and
independently of renal impairment, and (d) impaired renal function
by itself was associated with a higher prevalence of micro- and
macrovascular diabetic complications as well as a higher risk of foot
ulcers and amputations, in particular in type 2 diabetic patients.

The prevalence of albuminuria and renal impairmentwas higher in
the type 2 than in type 1 diabetic patients. This may have been in part
due to the advanced stage of disease and the older age among these
insulin-treated type 2 diabetic patients, although other studies have
reported a similarly high prevalence in a mixed population treated
with oral antidiabetic drugs only or insulin (Ito et al., 2010;MacIsaac et
al., 2004; Meisinger et al., 2008). Interestingly, despite the smaller
proportion of patients with renal impairment in type 1 compared to
type 2 diabetes, the proportion of normoalbuminuric patients within
this group was similar (54.1% and 49.1% respectively, NS). As in
previous studies, patients with normoalbuminuric renal impairment
were older, had shorter diabetes duration,more oftenwere female and
less often had retinopathy compared to patients with albuminuric
renal impairment (MacIsaac et al., 2004; Penno et al., 2011; Rigalleau
et al., 2007; Thomas et al., 2009). The overall high proportion of
normoalbuminuria in patients with renal impairment may have been
due to high rates of antihypertensive (especially ACE-I or ARB) and
lipid-lowering treatment, either preventing the appearance or causing
regression of albuminuria (Pavkov et al., 2009). The present cross-
sectional study cannot, however, confirm or refute this hypothesis.

In this study, we confirm the role of albuminuria as a putative CV risk
factor, as itwas clearly associatedwithother classical CV risk factors, such
as hypertension and dyslipidemia, but also directly with macrovascular
disease. This association was present in both diabetes types. The
additional presence of renal impairment was not associated with poorer
control of risk factors, except for systolic bloodpressure in type1diabetes
and HDL cholesterol and TG levels in type 1 or type 2 diabetes. With
regard to bloodpressure control, previous studies in type 2diabetes have
shown that among normoalbuminuric patients renal impairment was
associated with increased systolic blood pressure (Kramer et al., 2007;
Penno et al., 2011; Thomas et al., 2009; Yokoyama et al., 2009), although
this was not always the case (Ito et al., 2010), including in our study.
Among albuminuric patients the presence of renal impairment was not
associated with increased systolic blood pressure (Penno et al., 2011;
Yokoyama et al., 2009). The discrepancy among normoalbuminuric
patients between our and previous studies may be related to the high
rate of antihypertensive treatment in the present study compared to
previous studies (Penno et al., 2011; Thomas et al., 2009). Interestingly,
we show that in type 1diabetes thepresence of renal impairment among
albuminuric patients is, in contrast to type 2 diabetes, associated with a
further increase of systolic blood pressure. The latterfinding is consistent
with the classical diseaseprogressionof kidneydisease in type1diabetes.

With regard to plasma lipids, only plasma HDL cholesterol and TG
showed an additional association with renal impairment. The reason
why total cholesterol and LDL cholesterol did not show this
association and were not elevated in normoalbuminuric patients
with renal impairment, may be due to the high rates of lipid-lowering
treatment in this group, consisting mostly (95%) of statins.

With regard to glycemic control, we observed a remarkably
lower HbA1c in patients with both albuminuria and renal impair-
ment compared to patients with only albuminuria. Lower HbA1c has
been observed among patients on renal replacement therapy due to
blood loss, shortened red blood cell survival, red blood cell
transfusions, or erythropoietin treatment (Uzu et al., 2009), but
these patients were excluded from the present study. The con-
founding effect of renal anemia on HbA1c values has not yet been
systematically studied (Sharif & Baboolal, 2010). While we did not
collect data on anemia, a previous study (Thomas et al., 2009)
reported a prevalence of 49% among type 2 diabetic patients with
both renal impairment and albuminuria. Lower HbA1c in patients
with CKD may also have resulted from impaired insulin clearance
(Snyder & Berns, 2004).

The RIACE investigators have hypothesized that, based on the
relatively low concordance of retinopathy and CKD in type 2 diabetes
and on the lower HbA1c among patients with normoalbuminuric
renal impairment, this latter phenotype mostly results from macro-
angiopathy, rather than from microangiopathy (Penno et al., 2011;
Penno et al., 2012). The present study shows that among type 2
diabetic patients with CKD, 42% had (non-)proliferative retinopathy,
compared to 45% reported by Yokoyama et al. (2009) and only 31%
reported in RIACE (Penno et al., 2012). Importantly, the concordance
rate in our type 1 diabetic cohort was, as expected, higher (53%),
which is in support of the hypothesis that macroangiopathy largely
determines the renal phenotype in type 2 diabetes. Nevertheless, and
at variance with previous studies (Penno et al., 2011; Thomas et al.,
2009; Yokoyama et al., 2009), we did not observe a significantly lower
HbA1c among normoalbuminuric patients with renal impairment
compared to those with albuminuria.

An intriguing observation is the excess prevalence of diabetic
complications in type 2 diabetic (and less so in type 1 diabetic)
patients with renal function impairment but without albuminuria.
Possible explanations may be that in type 2 diabetes the cause of the
renal function impairment is still linked to diabetes or will worsen
diabetic complications. Such causesmay includemacroangiopathy (as
suggested above) but also other factors related to obesity and insulin
resistance, explaining the relatively high prevalence of this normoal-
buminuric renal impairment state in type 2 diabetes (15.9%). In type 1
diabetes, on the other hand, the reasons for normoalbuminuric renal
impairment might be of a very different nature (e.g. glomerulone-
phritis), suggested by the relatively rare occurrence of this state in
type 1 diabetes (4.7%) thus making the normoalbuminuric renal
impairment independent from diabetic complications.

This study has several limitations. First, it is a cross-sectional
study, using data from single, non-standardized laboratory measure-
ments. Kidney function was estimated using the CKD-EPI equation,
which is not perfect (Silveiro et al., 2011) but performs better than the
MDRD equation in type 2 diabetes and is more closely correlated with
the overall CV risk of individual patients (Pugliese et al., 2011).
Moreover, using the MDRD equation did not alter the general
conclusions of this study (data not shown). Finally, we are limited
by the reporting of medication use by the physicians of the
participating diabetes centers. Misreporting of important medications
may occur, with use of medications interfering with renin–angioten-
sin–aldosterone system (RAAS) possibly leading to misclassification
of patients or to misinterpretation of risk.

The large sample size, including results from the largest type 1
diabetic cohort published to date, is a strength of this study. This has
allowed for the first time a side-by-side comparison of type 1 and type
2 diabetic patients, unveiling interesting differences and parallels.
Patient data originate from routine clinical encounters rather than
from a controlled clinical trial, thus improving the generalizability of
our results. In contrast to previous multicenter studies in this field
(Penno et al., 2011; Yokoyama et al., 2009), our statistical analyses
accounted for the clustered nature of outcomes, leading to appropri-
ate inflation of standard errors, and thus limiting the possibility of
spurious conclusions.

In conclusion, our results show that albuminuria was indepen-
dently associated with CV risk factors and diabetic complications in
type 1 and type 2 diabetes. Even in the absence of albuminuria, renal
impairment was associated with a higher prevalence of diabetic
complications, especially in type 2 diabetes. Most of all, our results
underscore the high burden of CV complications and risk factors in
type 1 and type 2 diabetic patients with markers of kidney disease.
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