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Not all patients with type 2 diabetes develop renal dysfunc-
tion. Identifying those at risk is problematic because even
microalbuminuria, often used clinically as an indicator of
future renal dysfunction, does not always precede worsen-
ing renal function. We sought to identify clinical risk
factors at diagnosis of type 2 diabetes associated with later
development of renal dysfunction. Of 5,102 U.K. Prospec-
tive Diabetes Study (UKPDS) participants, prospective
analyses were undertaken in those without albuminuria
(n = 4,031) or with normal plasma creatinine (n = 5,032)
at diagnosis. Stepwise proportional hazards multivariate
regression was used to assess association of putative base-
line risk factors with subsequent development of albumin-
uria (microalbuminuria or macroalbuminuria) or renal
impairment (Cockcroft-Gault estimated creatinine clear-
ance <60 ml/min or doubling of plasma creatinine). Over a
median of 15 years of follow-up 1,544 (38%) of 4,031
patients developed albuminuria and 1,449 (29%) of 5,032
developed renal impairment. Of 4,006 patients with the
requisite data for both outcomes, 1,534 (38%) developed
albuminuria and 1,132 (28% ) developed renal impairment.
Of the latter, 575 (51%) did not have preceding albumin-
uria. Development of albuminuria or renal impairment was
independently associated with increased baseline systolic
blood pressure, urinary albumin, plasma creatinine, and
Indian-Asian ethnicity. Additional independent risk factors
for albuminuria were male sex, increased waist circumfer-
ence, plasma triglycerides, LDL cholesterol, HbA, . (A1C),
increased white cell count, ever having smoked, and previ-
ous retinopathy. Additional independent risk factors for
renal impairment were female sex, decreased waist circum-
ference, age, increased insulin sensitivity, and previous
sensory neuropathy. Over a median of 15 years from diag-
nosis of type 2 diabetes, nearly 40% of UKPDS patients
developed albuminuria and nearly 30% developed renal
impairment. Distinct sets of risk factors are associated
with the development of these two outcomes, consistent
with the concept that they are not linked inexorably in type
2 diabetes. Diabetes 55:1832-1839, 2006
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ype 2 diabetes is the leading cause of end-stage

renal disease (ESRD) in the Western world (1,2).

Many, but not all, patients with type 2 diabetes

develop renal dysfunction during their lifetime.
In the U.K. Prospective Diabetes Study (UKPDS), 24.9% of
patients developed microalbuminuria within 10 years of
diagnosis of type 2 diabetes, but only 0.8% developed
ESRD, as assessed by elevated plasma creatinine (>250
pmol/l) or the need for renal replacement therapy (3).
Annual rates of transition between successive stages
within the classical paradigm of normoalbuminuria to
microalbuminuria to macroalbuminuria to ESRD were in
the range of 2-3% per year, suggesting that many individ-
uals will not necessarily progress to worsening renal
outcomes, even after developing microalbuminuria (3).
The ability to identify those patients most likely to
progress to poor renal outcomes would allow the institu-
tion of appropriate interventions in a timely manner. Our
objective in the current report was to identify clinically
evident risk factors at the time of diagnosis of type 2
diabetes that are associated with the subsequent develop-
ment of renal dysfunction in patients recruited to the
UKPDS.

RESEARCH DESIGN AND METHODS

The UKPDS was a clinical trial designed to evaluate the effects of improved
blood glucose control and/or blood pressure control on the incidence of
complications in patients with type 2 diabetes. The UKPDS, whose recruit-
ment and selection process has been reported previously (4), received ethical
committee approval in each of the 23 participating clinical centers and
conformed to the guidelines of the Declaration of Helsinki. All participants
provided informed consent. Briefly, 5,102 of 7,616 patients with newly
diagnosed type 2 diabetes had fasting plasma glucose (FPG) levels =6.0
mmol/l on two successive occasions after referral and entered the study
between 1977 and 1991. Exclusion criteria included myocardial infarction or
stroke within the preceding year, severe vascular disease, uncontrolled
hypertension, proliferative or preproliferative retinopathy, plasma creatinine
=175 pmol/l, treatment with systemic steroids, and severe previous illness
that would limit life or require extensive systemic treatment. Those recruited
were aged 25-65 years, with 81% self-reported white Caucasian, 10% Indian
Asian, and 9% Afro-Caribbean. After a 3-month dietary run-in period, therapies
for glycemic control were allocated randomly according to the UKPDS
protocol (4). From 1987, a subset of hypertensive participants (n = 1,148) was
also allocated randomly to therapies for blood pressure control (4). All
patients were followed quarterly in UKPDS clinics until the trial ended in 1997.
For the current analyses, baseline data were taken as those recorded at the
end of the dietary run-in period.

Biochemical and clinical measurements. Biochemical analyses were per-
formed by the UKPDS central laboratory (5,6) apart from annual plasma
creatinine measurements and triennial white blood cell counts, which were
undertaken by local National Health Service clinical chemistry laboratories.
Annual morning urine samples were collected in thiomersal tubes and
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transported to the central laboratory at 4°C. From 1988 to the end of the study,
urine samples were stored at 4°C and albumin levels measured by an
immunoturbidimetric method (5,7). Before 1988, urinary albumin was mea-
sured by radioimmunoassay in samples stored at —20°C (8). Urinary albumin
concentrations were standardized over time to account for the different assay
and storage methodologies (9). HbA, . (A1C) was measured by high-perfor-
mance liquid chromatography (Diamat automated glycosylated hemoglobin
analyzer; Biorad, Hemel Hempstead, U.K.), with a normal range of 4.5-6.2%
certified by the NGSP (National Glycohemoglobin Standardization Pro-
gramme) as comparable to the DCCT (Diabetes Control and Complications
Trial) (5). FPG, fasting plasma insulin, triglycerides, and cholesterol (total,
HDL, and LDL) were measured as described previously (5).

Anthropometric measurements, including weight, height, waist and hip
measurements, and blood pressure assessment were performed as described
previously (5,6). BMI was calculated as weight (kg) divided by the square of
the height (m). The Homeostasis Model Assessment (version 2.0) (10) was
used to derive B-cell function (%B) and insulin sensitivity (%S), using the
homeostasis model assessment (HOMA) Calculator (available online from
http://www.dtu.ox.ac.uk). Creatinine clearance was estimated using the Cock-
croft-Gault formulas (11) for males: (140 — age [in years]) X weight (in
kg)/72 X plasma creatinine (in pg/dl) and for females (140 — age [in years]) X
weight (in kg) X 0.85/72 X plasma creatinine (in pg/dl).

Previous retinopathy at baseline was defined as a modified Early Treatment
Diabetic Retinopathy Study “191” score =20/20, a history of retinal photoco-
agulation, or vitreous hemorrhage (12). Previous sensory neuropathy was
defined as bilateral absence of ankle or patellar reflexes or a vibration
perception threshold =25 V for both great toes. Where information was
missing from a limb because of a diabetes-related amputation, worst-case
values were imputed. Where information was missing from a limb because of
a non—diabetes-related amputation, the values available for the other limb
were substituted. Previous cardiovascular disease (CVD) was defined as
Minnesota-coded electrocardiogram evidence (13) of a myocardial infarction
or a history of myocardial infarction, angina, or a transient ischemic attack.
Hypertension was defined as a systolic blood pressure =140 mmHg and/or
diastolic blood pressure =90 mmHg and/or use of antihypertensive therapy.
Renal outcomes. The renal outcomes assessed were two measures of
albuminuria (micro- and macroalbuminuria) and two measures of renal
impairment (reduced creatinine clearance and doubling of baseline plasma
creatinine). Microalbuminuria was defined as a urinary albumin concentration
50-299 mg/1 inclusive, to account for the effects of storage at —20°C (5), and
macroalbuminuria as a urinary albumin concentration =300 mg/l. A reduced
glomerular filtration rate was defined as an estimated creatinine clearance
=60 ml/min per 1.73 m2. The time of occurrence of these outcomes was taken
as the 1st year at which the event occurred, provided that the subsequent
assessment confirmed the same result or worse.

Statistical analysis. Statistical analyses were performed using SAS 8.2 and
9.1.3 (SAS Institute, Cary, NC). Data are the means * SD, median (interquar-
tile range), or geometric mean (1-SD interval). Proportional hazards regres-
sion with discrete time intervals was used to evaluate associations between
potential risk factors and renal outcomes. Hazard ratios (HRs) are presented
with 95% CIs. Univariate analyses were limited for albuminuria models to
participants without albuminuria at baseline (rn = 4,031) and for renal
impairment models to participants with estimated creatinine clearance =60
ml/min per 1.73 m? and normal plasma creatinine (females <120 pmol/l, males
<130 pmol/1) at baseline (n = 5,032). Multivariate models were limited to
2,392 subjects with data for all relevant covariates. Variables were considered
for inclusion in stepwise multivariate models if significant at P < 0.01 in
univariate analyses for any of the four renal outcomes or if they were known
to be clinically relevant. Patients were censored if deceased or if they
remained event free at the end of follow-up. Putative baseline risk factors
examined were age at diagnosis; sex; ethnicity; smoking status; weight; waist
circumference; systolic blood pressure; diastolic blood pressure; history of
hypertension; FPG; A1C; HOMA %B; HOMA %S; total, LDL, and HDL choles-
terol; triglycerides; white cell count; urine albumin; plasma creatinine; and
previous retinopathy, sensory neuropathy, or CVD. Plasma triglycerides were
log transformed. Age at diagnosis, sex, and ethnicity were included in all
multivariate analyses, whereas A1C and LDL cholesterol were tested in
preference to FPG and total cholesterol, respectively. Systolic blood pressure
was tested in preference to diastolic blood pressure or history of hypertension.

RESULTS

Table 1 shows baseline demographic and clinical charac-
teristics for the 4,031 and 5,032 patients with the requisite
data available for the albuminuria and renal impairment
models, respectively. Median A1C for both cohorts was
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6.9% with mean blood pressure 135/83 mmHg. Figure 1
shows the cumulative incidence of new-onset albuminuria
and renal impairment over time. Altogether, 1,544 of 4,031
(38%) patients developed albuminuria and 1,449 of 5,032
(29%) developed renal impairment.

Of 4,006 patients with the requisite data for both out-
comes, 1,634 (38%) developed albuminuria, 1,132 (28%)
developed renal impairment, and 557 (14%) developed
both conditions. Of the 1,534 patients who developed
albuminuria, 977 (64%) did not develop renal impairment
during the study, 372 (24%) developed renal impairment
subsequent to developing albuminuria, and 12% developed
renal impairment before developing albuminuria. Of the
1,132 patients who developed renal impairment, 575 (561%)
did not develop albuminuria during the study, 185 (16%)
developed albuminuria subsequent to developing renal
impairment, and 33% developed albuminuria before devel-
oping renal impairment.

Microalbuminuria. In univariate models (Table 2),
Indian-Asian ethnicity (HR 1.60), smoking history (1.28),
urinary albumin (1.009), waist circumference (1.017), sys-
tolic blood pressure (1.17), diastolic blood pressure (1.24),
history of hypertension (1.49), FPG (1.07), A1C (1.08),
plasma triglycerides (1.13), white cell count (1.07), and
previous CVD (1.58) were associated with increased risk
of development of microalbuminuria (P < 0.01), whereas
HOMA %S (0.97) was associated with a decreased risk. In
multivariate models (Table 3), Indian-Asian ethnicity (HR
2.02) systolic blood pressure (1.15), plasma triglycerides
(1.09), urinary albumin (1.004), white cell count (1.06),
A1C (1.08) waist circumference (1.01), previous retinopa-
thy (1.25), previous CVD (1.46), smoking history (1.20),
and male sex (1.18) were independently associated with
development of microalbuminuria.

Macroalbuminuria. In univariate models (Table 2), uri-
nary albumin (HR 1.010), plasma creatinine (1.010), waist
circumference (1.021), systolic blood pressure (1.18), his-
tory of hypertension (1.74), FPG (1.08), total cholesterol
(1.20), plasma triglycerides (1.19), white cell count (1.07),
and previous CVD (1.64) were associated with develop-
ment of macroalbuminuria (P < 0.01). In multivariate
models (Table 3), urinary albumin (HR 1.009), plasma
creatinine (1.087), waist circumference (1.016), systolic
blood pressure (1.15), A1C (1.10), LDL cholesterol (1.17),
and plasma triglycerides (1.15) were independently asso-
ciated, whereas white cell count, smoking history, and
previous retinopathy were no longer significant.
Reduced creatinine clearance. In univariate models
(Table 2), age at diagnosis (HR 2.07), height (1.07), urinary
albumin (1.003), plasma creatinine (1.18), systolic blood
pressure (1.20), diastolic blood pressure (1.07), history of
hypertension (1.90), FPG (1.02), A1C (1.05), HOMA %S
(1.02), total cholesterol (1.20), LDL cholesterol (1.22), HDL
cholesterol (1.85), previous retinopathy (1.38), previous
neuropathy (1.36), and previous CVD (1.71) were associ-
ated with an increased risk of development of reduced
creatinine clearance (P < 0.01). Male sex (HR 0.53),
Indian-Asian ethnicity (0.76), waist circumference (0.96),
weight (0.76), and HOMA %B (0.97) were independently
associated with reduced risk of development of reduced
creatinine clearance. In multivariate models (Table 3),
baseline plasma creatinine (HR 1.34), systolic blood pres-
sure (1.11), age at diagnosis (2.15), height (1.05), Indian-
Asian ethnicity (1.93), ever smoking (1.25), previous
retinopathy (1.26), and urinary albumin (1.009) were inde-
pendently associated with increased risk of development
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TABLE 1

Baseline demographic and clinical characteristics of subjects included in the albuminuria and renal insufficiency models

Variable Albuminuria models Renal insufficiency models
n 4,031 5,032
Age at diagnosis (years) 52.6 = 8.7 52.4 = 8.8
Male 2,433 (60) 2,969 (59)
Ethnicity

White Caucasian 3,320 (82) 4,155 (82)

Afro-Caribbean 307 (7.6) 385 (7.6)

Indian Asian 404 (10.0) 492 (9.7)
Smoking status

Current smoker 1,235 (30) 1,556 (31)

Ex-smoker 1,389 (34) 1,694 (33)

Never smoked 1,405 (35) 1,780 (35)
Urinary albumin (mg/1)* 9 (4-20) 9 (4-20)
Plasma creatinine (pmol/1)* 82 (71-92) 81 (71-92)
BMI (kg/m?) 27.7 5.3 275 +b54
Waist (cm) 96 = 13 95+ 13
Systolic blood pressure (mmHg) 135 = 20 135 £ 20
Diastolic blood pressure (mmHg) 83 = 10 83 + 11
Hypertensive 1,820 (45) 2,255 (44)
On antihypertensive therapy 800 (20) 966 (19)
FPG (mmol/1)* 8.0 (6.6-10.1) 8.2 (6.8-11.0)
A1C (%)* 6.9 (5.9-8.1) 6.9 (5.9-8.1)
HOMA %B* 55.9 (34.5-84.0) 55.5 (34.3-83.3)
HOMA %S* 52.1 (36.3-75.1) 51.7 (36.1-74.9)

Total cholesterol (mmol/l)

LDL cholesterol (mmol/l)

HDL cholesterol (mmol/l)
Plasma triglycerides (mmol/l)}
White blood cell count (X 10°/1)
Previous retinopathy

Previous sensory neuropathy
Previous CVD

538 + 113 5.39 + 1.12
3.50 + 1.03 3.51 + 1.03
1.07 + 0.24 1.07 = 0.24
1.54 (0.92-2.56) 1.55 (0.93-2.59)
6.6 (5.5-8.1) 6.6 (5.5-8.1)
543 (19) 681 (20)
847 (22) 1094 (22)
761 (19) 974 (19)

Data are the means = SD or n (%), unless otherwise indicated. *Median (interquartile range); fgeometric mean (1-SD interval).

of reduced creatinine clearance (Table 3). Male sex (HR
0.55) and waist circumference (0.95) were independently
associated with reduced risk of development of reduced
creatinine clearance.

Doubling of plasma creatinine. In univariate models
(Table 2), urinary albumin (HR 1.008), systolic blood
pressure (1.36), diastolic blood pressure (1.80), and his-
tory of hypertension (3.09) were associated with an in-
creased risk of doubling of plasma creatinine (P < 0.01).
The only factors independently associated with doubling

of plasma creatinine were systolic blood pressure (HR
1.38) and previous sensory neuropathy (1.79), with HDL
cholesterol (2.78) significant at P < 0.05.

DISCUSSION

This report shows that over a median of 15 years after
diagnosis of type 2 diabetes, 38% of UKPDS participants
developed albuminuria and 29% developed renal impair-
ment. Importantly, a substantial proportion of patients
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tients with microalbuminuria, macroalbuminuria,
reduced creatinine clearance (CrCl), doubling of
plasma creatinine, or any one of these, after diag-
nosis of diabetes.
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TABLE 2
Univariate proportional hazards analyses for albuminuria and renal insufficiency outcomes

Albuminuria (n = 4,031)

Renal insufficiency (n = 5,032)

Creatinine clearance Doubling of
Microalbuminuria Macroalbuminuria =60 ml/min per 1.73 m? plasma creatinine
(N events = 1,430) (N events = 420) (N events = 1,428) (N events = 169)

Variable HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P
Age at diagnosis (per 5 years) 1.04 (1.00-1.09) 0.08 1.06 (0.97-1.16) 0.18 2.07 (1.98-2.17) <0.0001 1.06 (0.91-1.23) 0.48
Sex (male) 1.18 (1.00-1.39) 0.045 1.42 (1.05-1.93) 0.023 0.53 (0.48-0.59) <0.0001 0.73 (0.43-1.22) 0.22
Ethnicity

White Caucasian 1 1 1 1

Afro-Caribbean 0.98 (0.72-1.35) 0.92 0.94 (0.52-1.70) 0.84 1.17 (0.98-1.41) 0.085 0.69 (0.21-2.21) 0.53

Indian Asian 1.60 (1.26-2.05) 0.00015  1.72 (1.13-2.62) 0.011 0.76 (0.62-0.93) 0.0065 0.97 (0.39-2.44) 0.95
Smoking status

Never 1 1 1 1

Ever 1.28 (1.08-1.51) 0.0046 1.31 (0.96-1.79) 0.088 0.93 (0.83-1.04) 0.19 1.31 (0.75-2.28) 0.35
Urinary albumin (per 20 mg/1) 1.009 (1.06-1.011) <0.0001 1.010 (1.007-1.013)  <0.0001 1.003 (0.999-1.008) 0.14 1.008 (1.003-1.014) 0.0019
Plasma creatinine (per 10 p.mol/l) 1.21 (0.99-1.05) 0.20 1.010 (1.038-1.157) 0.00093  1.18 (1.14-1.21) <0.0001 0.90 (0.82-0.99) 0.032
Weight (per 5 kg) 1.05 (1.03-1.08) <0.0001 1.05 (1.01-1.10) 0.014 0.762 (0.745-0.779)  <0.0001 1.03 (0.95-1.12) 0.45
Waist (cm) 1.017 (1.013-1.021)  <0.0001 1.021 (1.014-1.029)  <0.0001  0.960 (0.955-0.965) <0.0001 1.005 (0.993-1.017) 0.41
Height (cm) 1.00 (0.99-1.01) 0.75 1.00 (0.99-1.01) 0.75 1.07 (1.05-1.08) <0.0001 0.98 (0.95-1.00) 0.052
Systolic blood pressure (per 10 mmHg) 1.17 (1.13-1.22) <0.0001 1.18 (1.10-1.26) <0.0001 1.20 (1.17-1.23) <0.0001 1.36 (1.22-1.52) <0.0001
Diastolic blood pressure (per 10 mmHg) 1.24 (1.14-1.34) <0.0001 1.16 (1.00-1.34) 0.047 1.07 (1.02-1.13) 0.0062 1.80 (1.41-2.28) <0.0001
Hypertensive 1.49 (1.28-1.75) <0.0001 1.74 (1.31-2.33) 0.00016  1.90 (1.71-2.11) <0.0001 3.09 (1.77-5.39) <0.0001
On antihypertensive therapy 1.28 (1.07-1.55) 0.0087 1.52 (1.10-2.10) 0.012 1.74 (1.55-1.97) <0.0001 1.54 (0.86-2.74) 0.14
FPG (mmol/l) 1.07 (1.05-1.10) <0.0001 1.08 (1.03-1.13) 0.00081 1.021 (1.007-1.035) 0.0036 1.09 (1.01-1.18) 0.019
Al1C (%) 1.08 (1.03-1.12) 0.0004 1.10 (1.02-1.18) 0.015 1.05 (1.02-1.08) 0.0016 1.06 (0.93-1.22) 0.37
HOMA %B (per 10%) 0.99 (0.97-1.01) 0.16 0.97 (0.94-1.01) 0.18 0.97 (0.95-0.98) 0.000034  0.96 (0.89-1.03) 0.26
HOMA %S (per 10%) 0.97 (0.95-0.99) 0.0044 0.95 (0.91-0.99) 0.019 1.02 (1.01-1.03) 0.000012  0.97 (0.90-1.03) 0.32
Total cholesterol (mmol/l) 1.08 (1.00-1.16) 0.042 1.20 (1.06-1.36) 0.0037 1.20 (1.15-1.26) <0.0001 1.04 (0.82-1.32) 0.75
LDL cholesterol (mmol/1) 1.07 (0.99-1.15) 0.088 1.17 (1.02-1.34) 0.026 1.22 (1.15-1.28) <0.0001 1.07 (0.83-1.38) 0.59
HDL cholesterol (mmol/l) 0.69 (0.49-0.96) 0.026 0.53 (0.28-0.99) 0.048 1.85 (1.50-2.28) <0.0001 1.67 (0.60-4.64) 0.33
Plasma triglycerides mmol/1)* 1.13 (1.07-1.19) <0.0001 1.19 (1.11-1.27) <0.0001 0.96 (0.86-1.07) 0.44 0.86 (0.63-1.16) 0.32
White cell count (10°/1) 1.07 (1.03-1.11) 0.00037  1.07 (1.00-1.14) 0.056 0.98 (0.95-1.00) 0.093 0.99 (0.87-1.13) 0.86
Previous retinopathy 1.36 (1.12-1.64) 0.0017 1.46 (1.05-2.05) 0.027 1.38 (1.18-1.61) 0.000043  1.78 (1.00-3.16) 0.051
Previous sensory neuropathy 1.16 (0.96-1.40) 0.13 1.40 (1.01-1.96) 0.045 1.36 (1.21-1.54) <0.0001 1.45 (0.81-2.61) 0.22
Previous CVD 1.58 (1.31-1.90) <0.0001 1.64 (1.18-2.28) 0.003 1.71 (1.561-1.93) <0.0001 1.22 (0.65-2.31) 0.54

*Log,, transformed.
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developed one outcome but not the other. Whereas sys-
tolic blood pressure, Indian-Asian ethnicity, urinary albu-
min excretion, and plasma creatinine were risk factors for
both albuminuria and renal impairment, other risk factors
for these two outcomes were distinct. These findings are
consistent with the concept that albuminuria and renal
impairment may not necessarily reflect the same underly-
ing pathology in type 2 diabetes.

The finding that nearly 40% of UKPDS patients devel-
oped albuminuria during >20 years after the diagnosis of
type 2 diabetes is comparable to previous data from the
Wisconsin Epidemiologic Study of Diabetic Retinopathy
(WESDR) (14). In the WESDR, by 15 years after the
diagnosis of diabetes, 45.2% of participants had developed
albuminuria. Although confirming the high risk of albumin-
uria in patients with type 2 diabetes, this analysis also
demonstrates a high incidence (29%) of renal impairment
in this patient population. A significant degree of discor-
dance between development of albuminuria and renal
impairment is apparent. Of those patients who developed
renal impairment, 61% did not have albuminuria before-
hand and 39% never developed albuminuria during the
study. Of the patients that developed albuminuria, only
24% subsequently developed renal impairment during the
study. These data thus do not support the classical para-
digm of albuminuria always preceding renal impairment in
the progression of diabetic kidney disease.

Albuminuria is used clinically as a marker of nephro-
pathic risk in type 2 diabetes (2). However, it has recently
been recognized that the probability of progression to
macroalbuminuria in microalbuminuric subjects is not as
high as once believed (2), and both stabilization of mi-
croalbuminuria without progression and regression of
albuminuria are observed (2,15,16). Moreover, underlying
renal structural lesions spanning a broad range of severity
have been documented in both normoalbuminuric and
microalbuminuric patients (2,17). In addition, in a cross-
sectional analysis from the Third National Heath and
Nutrition Examination Survey, 30% of adults with type 2
diabetes and chronic renal insufficiency exhibited neither
albuminuria nor retinopathy, features presumed to be
indicative of classic diabetic glomerulosclerosis (18).
These findings suggest that microalbuminuria alone may
not provide optimal identification of patients with type 2
diabetes at higher risk of renal impairment, and thus
identification of other risk factors is needed. Furthermore,
distinction needs to be drawn between risk factors for
albuminuria and those for renal impairment.

The most highly associated risk factors for incident
albuminuria were systolic blood pressure, plasma triglyc-
erides, urinary albumin, and Indian-Asian ethnicity. The
central importance of blood pressure as a risk factor for
both albuminuria and renal impairment in type 2 diabetes
has been well documented in previous observational stud-
ies (19,20). Furthermore, antihypertensive therapy has
been shown to reduce the incidence of albuminuria and
preserve renal function in clinical trials, including the
UKPDS (21-23). In contrast to blood pressure, plasma
triglycerides have exhibited inconsistent associations with
incident proteinuria and renal dysfunction in both popu-
lation and diabetic cohorts (24-29). In prospective studies
in type 2 diabetes, an elevated triglyceride-to-HDL ratio
has been independently associated with the progression of
microalbuminuria (30), whereas hypertriglyceridemia has
predicted the need for future renal replacement therapy
(31). On the other hand, however, some investigators have
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found no independent association between triglycerides
and renal outcomes, with univariate relationships abol-
ished on multivariate adjustment (19,32). Compared with
earlier studies in type 2 diabetes, it is important to note
that the current analysis involves a larger patient popula-
tion with longer follow-up and extensive clinical and
metabolic characterization, allowing for more complete
multivariate adjustment. Furthermore, fasting plasma tri-
glyceride concentration consistently emerged as a strong
independent determinant of both microalbuminuria and
macroalbuminuria. The current findings support a role for
hypertriglyceridemia in the early pathophysiology of albu-
minuria in type 2 diabetes. Consistent with this concept,
fenofibrate decreased the progression to microalbumin-
uria in patients with type 2 diabetes in both the Diabetes
Atherosclerosis Intervention Study (33) and the FIELD
(Fenofibrate Intervention and Event Lowering in Diabetes)
study (34).

Other studies have identified baseline urinary albumin
as an independent risk factor for the development of
albuminuria (35,36) and renal impairment (37,38). In con-
trast, Indian-Asian ethnicity has not been previously impli-
cated in this context. An increased incidence of renal
failure has been estimated previously in U.K. Indian-Asian
patients with type 2 diabetes (39). In addition, cross-
sectional studies have shown a higher prevalence of
microalbuminuria in Indian Asians compared with Cauca-
sians in both type 2 diabetes and population cohorts
(40,41). The current report confirms these earlier observa-
tions and demonstrates that Indian-Asian ethnicity is inde-
pendently associated with the development of both
albuminuria and renal insufficiency in type 2 diabetes.

Previous prospective studies have identified several
other risk factors for incident albuminuria in type 2
diabetes, including age, male sex, duration of diabetes,
smoking, obesity, and the presence of retinopathy
(16,19,20,35,42/43). Although confirming the multifactorial
nature of the risk profile underlying albuminuria, the
current analysis has also identified white cell count as an
independent risk factor for microalbuminuria, though not
for macroalbuminuria. This finding raises the possibility
that subclinical inflammation may contribute to incident
albuminuria. Indeed, both type 2 diabetes and atheroscle-
rotic vascular disease have been characterized as states of
chronic low-grade inflammation, as manifested by in-
creased serum concentrations of inflammatory biomark-
ers, including leukocytes (44,45). Whereas white cell count
has been prospectively associated with incident CVD (46),
its relevance to microvascular disease in type 2 diabetes
has received limited attention to date. Three studies have
reported a cross-sectional association between peripheral
leukocyte count and urinary albumin excretion in type 2
diabetes (47-49). The current report demonstrates addi-
tionally an independent prospective relationship between
baseline white cell count and incident microalbuminuria.
Although the biological mechanisms underlying this asso-
ciation remain to be elucidated, it should be noted that
activated leukocytes secrete a variety of potentially neph-
rotoxic cytokines and can promote oxidative stress (47,
48).

The most highly associated risk factors for creatinine
clearance =60 ml/min per 1.73 m? were plasma creatinine,
systolic blood pressure, age, female sex, height, and
decreased waist circumference. Both serum creatinine
and blood pressure have been associated independently
with the development of renal impairment in previous
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studies (32,39). Although both were risk factors for albu-
minuria and renal impairment in the current analysis, as
were Indian-Asian ethnicity and urinary albumin, the as-
sociations with sex and waist circumference highlight the
substantial differences between the respective risk factor
profiles for albuminuria and renal insufficiency. Indeed,
sex and waist circumference exhibited paradoxical asso-
ciations with these outcomes, with male sex and increased
central obesity linked to albuminuria and with female sex
and decreased waist circumference associated with renal
impairment. Although the basis for these differences is not
clear, the discordance between their respective risk factor
profiles may reflect pathophysiological differences be-
tween albuminuria and renal impairment. In genetic anal-
ysis of UKPDS participants, a single polymorphism at the
paraoxonase-2 gene locus is paradoxically associated with
increased risk of albuminuria but decreased likelihood of
renal insufficiency (50). These findings also support the
notion of discordance between these two outcomes.

Strengths of this study include the prospective design,
which ensured that measurement of risk factors preceded
the development of albuminuria and renal impairment; the
recruitment of patients at diagnosis of type 2 diabetes,
such that the risk factors identified may reflect early
events in the pathophysiology of renal disease; and the
large study population and long follow-up, which provided
sufficient power to evaluate numerous risk factors. In
addition, the requirement of two consecutive abnormal
tests when defining outcomes helped improve the speci-
ficity. Similarly, the evaluation of two albuminuria out-
comes and two renal impairment outcomes of differing
severity supports the robustness of the identification of
the risk factors because those factors implicated in both
relevant analyses have been identified. There were, how-
ever, relatively few macroalbuminuria or doubling of cre-
atinine events and insufficient power to examine possible
effects of randomized therapy.

A potential limitation of the current study is the lack of
ability to account for possible regression of albuminuria
over time. A second limitation is that the use of ACE
inhibitors was not addressed specifically in this analysis.
ACE inhibition has been associated with a decreased
incidence of microalbuminuria in patients with type 2
diabetes and hypertension (51). However, in the UKPDS
blood pressure control study, there was no difference in
the efficacy of captopril and atenolol in reducing the
incidence of diabetes complications, including albumin-
uria (52).

In conclusion, by a median of 15 years from diagnosis of
type 2 diabetes, nearly 40% of UKPDS patients developed
albuminuria and nearly 30% developed renal impairment.
Many patients developed one of these outcomes but not
the other. Whereas systolic blood pressure, Indian-Asian
ethnicity, urinary albumin excretion, and plasma creati-
nine were risk factors for both albuminuria and renal
impairment, other risk factors for these two outcomes
were distinct. These findings are consistent with the
concept that albuminuria and renal impairment are not
inexorably linked in type 2 diabetes.
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