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OBJECTIVEdThe current study aimed to investigate whether microalbuminuria or moder-
ately decreased glomerular filtration rate (GFR) is a better predictor for the development and
progression of retinopathy in type 2 diabetic patients.

RESEARCHDESIGNANDMETHODSdType 2 diabetic patients without cardiovascu-
lar diseases, malignancy, pregnancy, and acute intercurrent illness were enrolled between 1
August 2001 and 31 December 2002. All participants provided their detailed medical history
and underwent an eye fundus examination. They were followed up in outpatient clinics, and
serum creatinine, urinary albumin-to-creatinine ratio (UACR), and retinal photographs were
followed up annually until 31 December 2009. The primary outcomes were development and
progression of diabetic retinopathy and nephropathy. The secondary outcomes were cardiovas-
cular events and all-cause mortality.

RESULTSdAmong 487 participants, 81 subjects had normoalbuminuria and moderate renal
impairment (baseline eGFR 30–59.9 mL/min/1.73 m2), and 106 subjects had microalbuminuria
and baseline eGFR $60 mL/min/1.73 m2. Patients with microalbuminuria and eGFR $60 mL/
min/1.73 m2 had a significantly greater risk for development and progression of diabetic reti-
nopathy (HR 3.34 [95% CI 1.04–10.70]) compared with those with moderate renal impairment
and normoalbuminuria after multivariate adjustment. Risks for renal outcome, cardiovascular
events, and all-cause mortality were not significantly different between the two groups.

CONCLUSIONSdMicroalbuminuria has a greater impact on predicting the development
and progression of diabetic retinopathy compared with moderate decline in GFR among type 2
diabetic patients.

Diabetes Care 35:803–808, 2012

D iabetic retinopathy is a highly spe-
cific vascular complication and a
sight-threatening problem related

to diabetes. Diabetic retinopathy is char-
acterized by gradually progressive alter-
ations in the retinal microvasculature,
leading to retinal nonperfusion, increased
vascular permeability, and pathologically
intraocular proliferation of retinal vessels.
Both diabetic retinopathy and nephropa-
thy are microvascular complications of

diabetes. With the retina and glomerulus,
diabetes-specific microvascular disease is
characterized by similar pathophysiologic
features. Chronic hyperglycemia is the
central initiating factor for all types of
diabetic microvascular disease. In exposure
to high plasma glucose, hyperglycemic
damage is limited to some cell types.
Endothelial cells develop intracellular hy-
perglycemia, since they cannot downregu-
late glucose transport (1). The common

pathologic trait of diabetic microvascular
disease is progressive narrowing and
eventual occlusion of vascular lumina,
subsequently leading to inadequate per-
fusion of the affected tissues. In the retina,
diabetes induces programmed cell death
of Muller and ganglion cells (2) and peri-
cytes and endothelial cells (3). In the glo-
merulus, urinary protein loss and renal
function decline are associated with wide-
spread capillary occlusion and podocyte
loss.

Elevated urinary albumin excretion
has been found to increase the risk of
proliferative diabetic retinopathy (PDR)
and is associated with a higher prevalence
of PDR (4–8).Diabetic retinopathy is pres-
ent in virtually all type 1 diabetic pa-
tients with nephropathy, whereas only
50–60% of type 2 diabetic patients with
nephropathy have retinopathy (5). Ac-
cordingly, nephropathy and retinopathy
are not concurrent in type 2 diabetes. Al-
though the prevalence and risk factors for
diabetic retinopathy in type 2 diabetes have
been extensively investigated (6–8), there
are little data addressing the issue of
whether microalbuminuria or moderate
decline of estimated glomerular filtration
rate (eGFR) (30–59.9 mL/min/1.73 m2)
is a competing risk factor for the develop-
ment and progression of diabetic retinop-
athy. Therefore, the current study strived
to investigate whether microalbuminuria
or moderately decreased eGFR is a better
predictor for the retinal outcome in a type
2 diabetic cohort.

RESEARCH DESIGN AND
METHODSdApproximately 1,000 type
2 diabetic patients who were at least 18
years of age receiving regular follow-up at
the outpatient clinics of Taipei Veterans
General Hospital were invited to partici-
pate in this study. Patients with cardio-
vascular disease, malignancy, pregnancy,
and acute intercurrent illness were ex-
cluded. Seven hundred and seventy-seven
participants provided written informed
consent and subsequently received ex-
aminations for serum creatinine, urine
albumin excretion, blood pressure, fasting
blood glucose, HbA1c, serum cholesterol,
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triglyceride, and eye fundus photographs
(Supplementary Fig. 1). Baseline data
were collected between August 2001 and
December 2002. After exclusion of sub-
jects with baseline advanced diabetic reti-
nopathy that meant proliferative diabetic
retinopathy, postlaser photocoagulation,
or vitrectomy and those who had missing
eGFR or urine albumin-to-creatinine ratio
(UACR) data, 579 subjects had data for
both eGFR and UACR. Among the 579
subjects, 92 patients with eGFR ,30
mL/min/1.73 m2 and/or UACR .300
mg/g Cr were excluded. Moderate renal
impairment was defined as baseline
eGFR 30–59.9 mL/min/1.73 m2, as well
as normoalbuminuria as baseline UACR
,30 mg/g Cr and microalbuminuria
as baseline UACR 30–299.9 mg/g Cr.
Finally, a total of 487 subjectswere enrolled
in the study and categorized into four
groups, including eGFR $60 mL/min/
1.73 m2 and normoalbuminuria (group
1), moderate renal impairment and nor-
moalbuminuria (group 2), eGFR $60
mL/min/1.73 m2 and microalbuminuria

(group 3), and moderate renal impairment
and microalbuminuria (group 4). The
study was approved by the institutional re-
view board of the Taipei Veterans General
Hospital.

Baseline examination
Blood pressure was taken twice by using
an electric blood pressure monitor in the
sitting position after 10 min of rest. The
mean of the measurements was used.
Questions pertaining to ever smoking or
not were recorded. Based on medical
records, information about duration of
diabetes and prescribed medication was
obtained. Venipuncture was performed,
and a fasting serum sample was collected
for the measurement of diabetic profiles,
serum creatinine, and other biochemical
tests. eGFR was calculated by computer
using the Modification of Diet in Renal
Disease (MDRD) equation (9). Urinary al-
bumin excretion was determined as the
UACR from the mean of two spot urine
samples on two consecutive mornings.
Color photographs of the retinas were

taken according to the methodology of
the ACCORD (Action to Control Cardio-
vascular Risk in Diabetes) Eye Study (10),
which was slightly modified from the
Early Treatment Diabetic Retinopathy
Study (ETDRS) (11). Macula- and disc-
centered views were taken at an angle of
458 with a fundus camera after pharmaco-
logical mydriasis. The fundus photographs
were evaluated by trained graders, who
were unaware of the medical conditions,
on the basis of the photographic standards
defined for the ACCORD Eye Study (10).
The ETDRS Severity Scale has 17 steps,
ranging from no retinopathy in either
eye (step 1) to high-risk proliferative reti-
nopathy in both eyes (step 17). We com-
bined the severity of retinopathy into four
categories: absent (steps 1– 3), mild to
moderate nonproliferative diabetic retinop-
athy (NPDR) (steps 4–7), severe NPDR
(steps 8–11), and advanced diabetic reti-
nopathy (PDR, postlaser photocoagulation,
or vitrectomy) (step 12 or above). Subjects
with baseline advanced diabetic retinopa-
thy were excluded from the analysis.

Table 1dCharacteristics of participants at baseline by eGFR and urine albumin excretion

Group 1:
normoalbuminuria
and eGFR $60
mL/min/1.73 m2

Group 2:
normoalbuminuria
and eGFR 30–59.9
mL/min/1.73 m2

Group 3:
microalbuminuria
and eGFR $60
mL/min/1.73 m2

Group 4:
microalbuminuria
and eGFR 30–59.9
mL/min/1.73 m2

P for
group 2 vs.
group 3

n 235 81 106 65
Age (years) 65.7 6 11.3 72.6 6 8.0 66.0 6 11.7 70.9 6 8.8 0.001
Women 30.6 25.9 32.1 32.3 0.361
BMI (kg/m2) 25.2 6 2.9 26.5 6 2.8 26.4 6 3.6 25.3 6 2.6 1.000
SBP (mmHg) 139 6 16 141 6 18 144 6 19 147 6 21 0.853
DBP (mmHg) 78 6 11 77 6 11 78 6 13 78 6 11 0.919
Hypertension 83.9 90.8 93.8 96.6 0.482
Diabetes duration (years) 8.2 6 6.2 9.8 6 7.5 10.1 6 6.4 12.5 6 8.9 0.991
Smoking history 19.5 16.7 23.8 20.0 0.286
Fasting glucose level (mg/dL) 160 6 41 172 6 47 170 6 45 170 6 47 0.996
HbA1c (%) 7.6 6 1.6 7.9 6 1.5 8.0 6 1.6 8.2 6 1.5 0.956
Total cholesterol (mg/dL) 195 6 34 201 6 33 200 6 40 192 6 37 0.999
Serum triglyceride (mg/dL) 148 6 147 213 6 217 177 6 133 185 6 118 0.486
Serum creatinine (mg/dL) 0.97 6 0.17 1.42 6 0.26 1.00 6 0.17 1.42 6 0.25 ,0.001
eGFR (mL/min/1.73 m2) 76.3 (67.4–86.7) 52.2 (44.0–57.1) 70.2 (63.9–79.9) 51.5 (44.8–54.1) ,0.001
UACR (mg/g) 10 (6–15) 13 (8–22) 69 (38–138) 72 (52–171) ,0.001
Diabetic retinopathy status 0.187
Absent 73.5 76.4 67.1 60.5
Mild to moderate NPDR 25.4 21.8 24.7 36.8
Severe NPDR 1.1 1.8 8.2 2.6

Medications
Insulin 21.1 26.1 44.7 37.8 0.042
ACE inhibitors 15.8 17.4 14.5 13.5 0.667
ARB 27.0 41.3 55.3 62.2 0.137
Statin 19.7 21.7 23.7 37.8 0.804

Data aremedian (interquartile range), %, ormeans6 SD unless otherwise indicated. Student t test orMann-WhitneyU test for continuous variables as appropriate and
Pearson x2 test for categorical variables. DBP, diastolic blood pressure; SBP, systolic blood pressure.
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Assays
HbA1cwasmeasuredusinghigh-performance
liquid chromatography (HPLC) instru-
ments (HLC-723 GHB IIIs; Tosoh, Tokyo,
Japan) with a reference range of 4.2–5.8%.
The interassay between-batch coefficient
of variation (CV) was,2.0% at A1C levels
between 4.4 and 8.2%. Urinary albumin
concentration wasmeasured by rate neph-
elometry (IMMAGE Immunochemistry
System; Beckman Coulter, Brea, CA). The
interassay CVwas 7.5% at urine albumin of
0.56 mg/dL and 2.0% at 3.19 mg/dL, re-
spectively.Urinary creatininewasmeasured

using a Hitachi 7600 automatic ana-
lyzer (Hitachi, Tokyo, Japan). The inter-
assay CV was ,2.0% at creatinine of
2.0 mg/dL.

Study outcomes
The patients were followed up in our
clinics until 31 December 2009. The
primary outcomes were composite retinal
outcome and progression of nephropathy
(renal outcome). These subjects received
repeated eye fundus photographs or were
examined by ophthalmologists during
follow-up. The composite retinal outcome

was defined as an increase of at least three
steps on the ETDRS Severity Scale or
development of advanced diabetic reti-
nopathy. Advanced diabetic retinopathy
was defined as development of prolifer-
ative diabetic retinopathy, retinopathy
treated with laser photocoagulation, or
vitrectomy. Progressive loss of renal func-
tion (renal outcome) was defined as eGFR
decrease $15 mL/min/1.73 m2 and final
eGFR ,60 mL/min/1.73 m2.

The secondary outcomes were car-
diovascular events and all-cause mortal-
ity. Cardiovascular events were defined as
admission owing to angina, myocardial
infarction, heart failure, acute coronary
syndrome, and cerebrovascular accident.
Two research physicians who did not
know the eGFR andUACRof these patients
verified all information. Subsequently, a
medical expert in the field reviewed all
events coded by the research physicians
and verified that all coding rules had been
applied correctly. When discrepancies be-
tween the medical expert and research
physicians occurred, the expert’s judgment
was considered final.

Statistical analysis
Statistical analysis was performed using
SPSS version 18.0 for Windows. The
results were expressed as means6 SD un-
less otherwise indicated. The continuous
variables were analyzed by one-way
ANOVA. The noncontinuous data were
presented as percentages and analyzed
by Pearson x2 test. eGFR and UACR were
expressed as median (interquartile range)
and analyzed by nonparametric test.
Hazard ratios (HRs) of incidence and
95% CIs were calculated by multivari-
able Cox regression models. In compari-
son between eGFR 30–59.9 and$60 mL/
min/1.73 m2 (reference), the results were
adjusted for age, sex, systolic blood pres-
sure, BMI, HbA1c, total cholesterol, triglyc-
eride, duration of diabetes, history of
hypertension, history of smoking, insulin
use, ACE inhibitors or angiotensin II recep-
tor blockers (ARBs), and UACR. In com-
parison between UACR 30–299.9 and
,30 mg/g (reference), the results were ad-
justed for age, sex, systolic blood pressure,
BMI, HbA1c, total cholesterol, triglyceride,
duration of diabetes, history of hyperten-
sion, history of smoking, insulin use, ACE
inhibitors orARBs, and eGFR. For the com-
parison between patients of groups 2 and3,
the Cox model was adjusted for age, sex,
systolic blood pressure, BMI, HbA1c, total
cholesterol, triglyceride, duration of diabe-
tes, history of hypertension, history of

Figure 1dCumulative incidence of composite retinal outcome (A), renal outcome (B), cardio-
vascular events (C), and all-cause mortality (D) of four groups of subjects.C, group 1;○, group
2; ▼, group 3; △, group 4.
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smoking, and use of insulin, ACE inhibi-
tors, or ARBs. A P value of,0.05 was con-
sidered statistically significant.

RESULTSdThe clinical characteristics
of 487 participants are summarized in
Table 1 according to the eGFR and UACR
at baseline. The enrolled subjects were 33–
93 years old (mean age 68 years). Approx-
imately 30% of the subjects were women.
The mean duration of diabetes at enroll-
ment was 9.4 years. Patients withmoderate
renal impairment and normoalbuminuria
were older and had a lower proportion of
receiving insulin therapy than those with

microalbuminuria and eGFR $60 mL/
min/1.73 m2.

During the follow-up of 6.6 6 1.2
years (median 7.6 years), 16.5% of the
subjects noted the development or pro-
gression of diabetic retinopathy (compos-
ite retinal outcome), 5.4% of the subjects
developed advanced diabetic retinopathy,
19.5% of subjects had progressive loss of
renal function, 12.9% of subjects suffered
from cardiovascular events, and 17.0% of
subjects died. Kaplan-Meier analysis
curves for end points of composite retinal
outcome, renal outcome, cardiovascular
events, and all-cause mortality (Fig. 1A–D)

showed that patients with microalbumi-
nuria (groups 3 and 4) were at a higher
risk for development and progression of
diabetic retinopathy than were those with
normoalbuminuria (groups 1 and 2). Cox
proportional hazards model was then
used to examine the relative risks of reti-
nal, renal outcome, cardiovascular events,
and all-cause mortality in relation to mi-
croalbuminuria and moderate renal im-
pairment, as seen in Tables 2 and 3.
The HR of composite retinal outcome
(Table 2) showed significant difference
between normoalbuminuria and microal-
buminuria after multivariate adjustment
(HR 4.18 [95% CI 1.85–9.42], P =
0.001) but no difference between eGFR
$60 mL/min/1.73 m2 and moderate renal
impairment (0.73 [0.31–1.76], P =
0.487). The result was similar when the
outcome changed to development of ad-
vanced diabetic retinopathy, even though
this occurred little. As for the renal out-
come, cardiovascular events, and all-cause
mortality, the HRs were not statistically
different between normoalbuminuria
and microalbuminuria or between eGFR
$60 mL/min/1.73 m2 and moderate renal
impairment. The HR of composite reti-
nal outcome (Table 3) was significantly
higher in group 3 subjects than that of
group 2 subjects after adjustment for mul-
tiple confounders (3.34 [1.04–10.70], P =
0.043). Such statistical significance did
not present when outcome was develop-
ment of advanced diabetic retinopathy.
There was a trend that group 3 subjects
had a higher risk for development of ad-
vanced diabetic retinopathy, progressive
loss of renal function, cardiovascular events,
and all-cause mortality compared with
group 2 subjects (Table 3), but statistical
significancewas not reached.When adding
92 individuals with eGFR ,30 mL/min/
1.73 m2 and albumin-to-creatinine ratio
.300 mg/g Cr in the Cox proportional
hazards model, the data were quite similar
to the previous results and showed that mi-
croalbuminuria had greater risk in the pro-
gression of retinopathy than moderately
reduced eGFR (data not shown).

CONCLUSIONSdThis is the first
study, to our knowledge, to compare the
effect of microalbuminuria and moderate
renal dysfunction in diabetic retinopathy
in type 2 diabetic patients. In the follow-
up of 7.6 years, our data revealed that the
risks for renal outcome, cardiovascular
events, and all-causemortality were not sig-
nificantly different between the patients of
groups 2 and3.However,microalbuminuria

Figure 1dContinued
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had a more predictive impact on the com-
posite retinal outcome compared with pa-
tients with moderate renal impairment.

Intriguingly, our study showed that
microalbuminuria significantly increases
the risk for development and progression
of diabetic retinopathy in type 2 diabetic
patients even after adjustment for dura-
tion of diabetes, one of themost important
predictors of diabetic retinopathy, and
other comorbid conditions (12). Diabetic
retinopathy and nephropathy seem to
progress in a parallel manner. This may
be because diabetic retinopathy shares
similar pathophysiologic features with di-
abetic nephropathy. The classic clinical
course of nephropathy in type 1 diabetes
is the development of microalbuminuria,
followed by macroalbuminuria and then

by loss of GFR (13). In contrast, kidney
disease in type 2 diabetes is more hetero-
geneous than that in type 1 diabetes. Al-
buminuria was absent in one-third of type
2 diabetic patients with chronic renal in-
sufficiency according to the Third Na-
tional Health and Nutrition Survey (14).
In these patients, normoalbuminuria may
be due to using blockers of the renin-
angiotensin system or aggressive antihy-
pertensive therapy (14,15). In fact, patients
with diabetes are also susceptible to non-
diabetic renal disease (NDRD) (16–18).
Since microalbuminuria is a pathophysio-
logic surrogate of the underlying dia-
betic nephropathy, a decrease in GFR
with normoalbuminuria in such patients
sometimes may be due to superimposed
nondiabetic renal disease or accelerated

aging of the kidney. Therefore, in the cur-
rent study, there is a significantly increased
risk of development and progression of di-
abetic retinopathy for subjects with micro-
albuminuria and presumably through its
influence on alterations in the microvascu-
lature of retina and kidneys.

Increased urinary albumin excretion
and reduced GFR both have been dem-
onstrated to be an independent risk for
progressive kidney failure, cardiovascular
events, and mortality in patients with
chronic kidney disease (CKD) (19–29).
These findings are also consistent in
patients with diabetic nephropathy
(23,25,26,29). Therefore, it is pivotal to
combine eGFR and albuminuria for
more precise assessment of the clinical
outcomes. Recently, the American Diabe-
tes Association recommended that in ad-
dition to level of eGFR, the presence of
abnormal urine albumin excretion may be
useful in the staging of diabetic nephropa-
thy (30). Previous data have shown the in-
creased risks for renal and cardiovascular
outcomes and mortality in patients with
albuminuria and stage 1 or 2 CKD than
in those with stage 3 CKDwithout protein-
uria, although not all the studies have com-
pared statistical significance (21,23,25,27).
Our study compared the clinical outcomes
among these two groups of patients di-
rectly. The results showed that patients
with microalbuminuria and eGFR $60
mL/min/1.73 m2 have a tendency to in-
creased risks for progressive loss of renal
function, cardiovascular events, and all-
cause mortality compared with those with
moderate renal impairment and nor-
moalbuminuria. Although statistical sig-
nificance was not reached, the trend
corroborates the previous findings.

Some limitations in the current study
shouldbe acknowledged.Theoverall sample

Table 2dHRs for retinal and renal outcomes, cardiovascular events, and all-cause mortality in the Cox proportional hazards models

End points

eGFR 30–59.9 mL/min/1.73 m2

(N = 146) vs. $60 mL/min/1.73 m2

(N = 341) (reference)

UACR 30–299.9 mg/g
(N = 171) vs. ,30 mg/g
(N = 316) (reference)

Crude HR (95% CI) Adjusted HR (95% CI)† Crude HR (95% CI) Adjusted HR (95% CI)‡

Retinal outcome
Composite outcome 0.65 (0.29–1.48) 0.73 (0.31–1.76) 2.70 (1.43–5.08) 4.18 (1.85–9.42)
Advanced diabetic retinopathy 0.53 (0.12–2.38) 0.65 (0.11–3.67) 7.25 (2.02–26.00) 9.00 (1.91–42.50)

Renal outcome 1.62 (0.93–2.80) 1.13 (0.62–2.04) 1.81 (1.07–3.06) 1.65 (0.93–2.90)
Cardiovascular events 1.37 (0.66–2.83) 0.97 (0.44–2.15) 1.52 (0.76–3.01) 1.61 (0.75–3.44)
All-cause mortality 1.44 (0.61–3.39) 0.87 (0.35–2.20) 1.71 (0.75–3.87) 1.80 (0.71–4.56)

†Adjusted for age, sex, systolic blood pressure, BMI, HbA1c, total cholesterol, triglyceride, duration of diabetes, hypertension, smoking, insulin use, ACE inhibitor or
ARB use, and UACR. ‡Adjusted for age, sex, SBP, BMI, HbA1c, total cholesterol, triglyceride, duration of diabetes, hypertension, smoking, insulin use, ACE inhibitor
or ARB use, and eGFR.

Table 3dHRs for retinal and renal outcomes, cardiovascular events, and all-cause
mortality in the Cox proportional hazards models

Events
(%)

Crude HR
(95% CI)

Adjusted HR
(95% CI)x

Retinal outcome (mL/min/1.73 m2)
Composite outcome
Microalbuminuria and eGFR $60 30.7 3.18 (1.08–9.38) 3.34 (1.04–10.70)
Normoalbuminuria and eGFR 30–59.9 9.8 Reference Reference

Advanced diabetic retinopathy
Microalbuminuria and eGFR $60 13.2 5.86 (0.75–45.80) 3.45 (0.38–31.39)
Normoalbuminuria and eGFR 30–59.9 1.5 Reference Reference

Renal outcome (mL/min/1.73 m2)
Microalbuminuria and eGFR $60 22.6 1.18 (0.50–2.79) 1.59 (0.62–4.05)
Normoalbuminuria and eGFR 30–59.9 18.5 Reference Reference

Cardiovascular events (mL/min/1.73 m2)
Microalbuminuria and eGFR $60 15.1 1.06 (0.39–2.92) 1.64 (0.52–5.19)
Normoalbuminuria and eGFR 30–59.9 14.8 Reference Reference

All-cause mortality (mL/min/1.73 m2)
Microalbuminuria and eGFR $60 24.5 1.00 (0.36–2.82) 1.81 (0.53–6.14)
Normoalbuminuria and eGFR 30–59.9 21.0 Reference Reference

xAdjusted for age, sex, systolic blood pressure, BMI, HbA1c, total cholesterol, triglyceride, duration of di-
abetes, hypertension, smoking, insulin use, and ACE inhibitor or ARB use.
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size became rather small when we stratified
thesepatients into four groups.Thenumbers
of renal events were low because most
subjects were in the early stage of diabetic
nephropathy.Forpatientswith early diabetic
nephropathy, it may take more follow-up
time for the events to occur. However, as our
study had a longer observation period for the
study end points, this may compensate for
these two shortcomings.

In summary, our data show that
microalbuminuria is a more useful bio-
marker than moderately decreased eGFR
in predicting retinal outcome of type 2
diabetic patients. Patients with microal-
buminuria have a higher risk of the de-
velopment and progression of diabetic
retinopathy even when eGFR is still .60
mL/min/1.73 m2. Accordingly, we empha-
size the importance of regular follow-up of
UACR besides eGFR in type 2 diabetic pa-
tients, and changes in UACR and eGFR
should also be identified during follow-up.
Once microalbuminuria occurs, diabetic
retinopathy should be more aggressively
assessed in these patients even if eGFR is
.60 mL/min/1.73 m2.
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