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Ohbjective: To study whether microalbuminuria is associated with proliferative
diabetic retinopathy (POR) in type 2 diabetes.
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Setting: Rajavithi Hospital, Lerdsin Hospital, Nopparatrajathanee Hospital,
Mettaphacharak (Watraikhing) Hospital, Prathumthani Hospital, Lardlumkaew Hospital,
and Nongsau Hospital.

Research methodology: A total of 204 subjects (58 males and 146 females) were
included in this study. Using urine dipsticks for microalbuminuria which positive at least
2 of the 3 morning urine samples within 6 months, 68 and 136 type 2 diabetic patients

were found micro- and normoalbuminuria respectively. Indirect ophthalmology of all

Result: The study finds that 4 subjects with normoalbuminuria and 1 subject with
microalbuminuria were PDR. The prevalence of POR is 2.5%

Conclusion: Microalbuminuria using urine dipstick is not associated cross-
sectionaly with proliferative diabetic retinopathy in type 2 diabetes and it cannot be used

as a marker for screening PDR.
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CHAPTER |

INTRODUCTION

Background and rationale

Diabetes mellitus is a metabolic disorder characterized by chronic
hyperglycemia with disturbances of carbohydrate, fat and protein metabolism resulting
from defects in insulin secretion, insulin action, or both [1]. The classification of diabetes
is based on etiological types. Type 1 indicates the processes of beta-cell destruction
that may ultimately lead to diabetes in which insulin is required for survival. Type 2
diabetes is characterized by disorders of insulin action and/or insulin secretion. The
third category “other specific types of diabetes,” includes diabetes caused by a specific
and identified underlying defect, such as genetic defects or diseases of the exocrine
pancreas [1].

The latest WHO Global Burden of Diseases estimates (DM) the worldwide
burden of diabetes in adults to be around 173 million in the year 2002 [1]. Around two
thirds of these live in developing countries. The diabetes epidemic is accelerating in the
developing world with an increasing proportion of affected people in younger age
groups and further the burden of chronic diabetic complication worldwide [1]. In 1999,
WHO/SEARO (Regional Office for South-East Asia) initiated a study on surveillance of
major non-communicable diseases (NCDs) in the Region. Estimated prevalence (all
ages) of diabetes mellitus (DM) in‘Thailand in 1998 is about 2.3%[2] but diabetes in Thai
populations age more than 35 years was found about 9.6% and about 95% of diabetes
is type 2 [3]. Akeplakorn [4] and colleagues estimated national prevalence of diabetesin
Thai adults was 9.6% (2.4 million. people), which included 4.8% previously diagnosed
and 4.8% newly diagnosed in 2000. The survey of disability adjusted life years (DALYs)
in Thailand reported that diabetes mellitus is an importance cause about 435,749 DALYs

[5]. DM is the third cause of DALYs in female (7%) and the fifth in male (3%).



Microvascular complications of diabetes mellitus, especially retinopathy and
nephropathy are the leading cause of blindness and end stage renal disease (ERSD)
respectively in many populations in both developed and developing countries. The
systematic review by Skyler [6] on the microvascular complications of diabetes showed
diabetic retinopathy and nephropathy extract an enormous toll on patients with diabetes
and an enormousness on health care system. Colagiuri [7] found that type 2 diabetes
may be present for several years before diagnosis, by which time many patients have
already developed diabetic complications. Since most such people are asymptomatic at
diagnosis, active cases detection would be required to identify them. The prevalence of
microalbuminuria and overt nephropathy in Thai type 2 diabetes were 18.7-43.5% and
1.6-5.1% respectively [3]. Diabetic patients with microalbuminuria who are not
appropriately treated will develop overt nephropathy 20-40% and 20% of them can
change to ESRD after 20 years [3]. 30.1% of Thai patients with ESRD who received renal
replacement therapy caused from DM [3]. ESRD in adults with type 2 DM represents a
medical problem with worldwide dimensions.

The Wisconsin Epidemiological Study of Diabetic Retinopathy (WESDR) [8]
reported that 3% of type 1 diabetic patients who have disease more than 15 years will
be blindness. It will increase to 12% if the duration of DM up to 30 years. Whereas,
blindness was found 7% in type 2 diabetes with 20-24 years duration of DM [8].
American Diabetic “Association [9] recommended that timely laser photocoagulation
therapy can prevent loss of vision in a large proportion of patients with severe non-
proliferative diabetic retinopathy (severe NPDR) and proliferative diabetic retinopathy
(PDR) and/or macular edema (ME) [6, 9].

In 2002, Thai clinical practice guideline. (CPG) in universal coverage
recommended type 2 diabetic patients should screen microalbuminuria and diabetic
retinopathy every year [10]. Jongsareejit [11] showed in 2002, WHO recommended to
follow up patient with severe NPDR and PDR every 3 months and 1-2 months
respectively. There were only 650 ophthalmologists in a register that may not be enough
for screening 2-3 million diabetic retinopathy in Thai patients [11]. Thaiyakul [12] studied
about a medical practice in follow up type 2 diabetes in Thai patients compared with

evidence-base clinical practice guideline in 4 community hospitals found only 19.6% of



patients had fundus examined by ophthalmologists and no patient received screening
for microalbuminuria.

The challenge for the primary care physician is to attain excellent glycaemic
control and aggressive control of blood pressure, while assuring that every patient has
appropriate dilated fundus examination at least annually, preferably by an
ophthalmologist or retinal specialist, and regular screening for microalbuminuria [6]. Due
to scarce resources, the latest CPG from Ministry of Public Health in 2005 suggested
that microalbuminuria should be done to prevent ESRD in type 2 diabetic patients with
high risks but not all type 2 diabetes [3]. Most diabetic patients will loss chance to early
detect microalbuminuria and prevent ESRD even though they are in incipient stage.
Thus, if microalbuminuria is associated with proliferative diabetic retinopathy in type 2
diabetes, screening for microalbuminuria may worth the cost in the perspective of policy
maker to prevent ESRD and detect PDR at the same time. With such medical
management, appropriate intervention can occur to reduce the risk of blindness and

renal failure and to lessen the burden from microvascular complications.



CHAPTER I
LITERATURE REVIEW

Literature search strategy

Published original studies in the area of interest were sought and retrieved,
initially using several electronic searches, i.e. PubMed, Ovid, and the Cochrane Library.
The keywords were microalbuminuria, retinopathy, microvascular, proliferative, diabetes.

Necessary article in Spanish was translated into English.

Review and related literature

Microalbuminuria, the urinary excretion of small amounts of albumin (30-300 mg/
24 hours or 20-200 pg/min) is character of incipient nephropathy [6]. During the stage of
incipient diabetic nephropathy, hyperfiliration and blood pressure elevation are
common. Nelson [18] conducted a prospective study to compare the progression of
renal disease among type 2 diabetes. The result showed glomerular filtration rate (GFR)
was elevated at the onset of type 2 diabetes and remains so while normal albumin
excretion or microalbuminuria persists. It declines progressively after the development
of macroalbuminuria. Microalbuminuria has been reported to be as a predictor of clinical
diabetic nephropathy (DN) in type 1 [19] and type 2 DM [20]. Thus, guidelines for
systematic screening have been developed because patients with nephropathy are
often asymptomatic and because a number of effective intervention strategies can slow
disease progression. Screening for-diabetic nephropathy needs to be a routine aspect
of diabetic care. The American Diabetic Association (ADA) [6] recommends yearly
screening microalbuinuria for-individuals with type 2 diabetes and yearly screening for
those with type 1 diabetes after 5 years’” duration of disease (but not before puberty).

In type 1 DM, microalbuminuria was a marker for risk of proliferative diabetic
retinopathy developing in type 1 diabetes[19, 21-23]. Klein [24] reported the incidence
of gross proteinuria was significantly associated with increasing severity of retinopathy.

The systematic review of National Coordinating Centre for Health Technology

Assessment (NCCHTA) [25] showed that patients with type 1 DM and clinical protienuria



have a prevalence of proliferative retinopathy and/or macular edema several times
higher than that of similar patients without protienuria. Furthermore, clinical protienuria is
a risk factor for the evidence of proliferative diabetic retinopathy (PDR) in type 1 DM.
There is strong evidence, however, for the independent prognostic significance of
microalbuminuria or raised albumin excretion rate for the development of proliferative
retinopathy [25].

The natural history of diabetic retinopathy (DR) in type2 diabetes is more difficult
to delineate since type 2 diabetes may be present for many years before diagnosed.
Diabetic retinopathy is more advanced in patients with microalbuminuria than in patients
with silent stage [19].

The relationship between microalbuminuria and diabetic retinopathy in type2
diabetes was controversial. Cruickshanks [21] and colleagues studied the association of
microalbuminuria with diabetic retinopathy in the Wisconsin Epidemiological Study of
Diabetic Retinopathy. The result was no relationship between microalbuminuria and PDR
in type 2 DM. Manaviat [13] reported microalbuminuria was associated cross-sectionaly
with the presence of retinopathy in type Il diabetic patients but this study did not show
exclusive factors which cause microalbuminuria. Trevisan [26] and colleagues reported
that protein and albumin excretion rate increased significantly in type 2 patients with
retinopathy. Voutilainen-Kaunisto [27] were, 5- and 10-year follow-up reported on a
cohort of newly diagnosed type 2 DM patients in Finland. The 10-year follow-up reported
was selected as it included information on the relationship of microalbuminuria to
development of retinopathy. Durruty [28] and colleagues studied the relationship
between microalbuminuria and diabetic retinopathy' in type 2 diabetes found that
microalbuminuria is a prediction of a-higher frequency, severity and dismal evolution of
diabetic retinopathy [28]. PDR or severe non proliferative diabetic retinopathy were
found 25% in type 2 DM with microalbuminuria and 3% with normoalbuminuria. After 2
years followed up, diabetic patients developed retinopathy or retinopathy passed to
greater severity 21.9% and 5.3% in micro- and nomoalbuminuric groups respectively
[28]. Increasing urine albumin excretion in type2 diabetic population was associated
with an increasing prevalence of diabetic retinopathy, neuropathy, and cardiovascular

disease [29]. This suggests that urine albumin excretion may be more than an indicator



of renal disease in type 2 diabetic patients and may reflect a state of generalized
vascular damage occurring throughout the body. Ethnicity and race differed in risk of
developing diabetic retinopathy in type 2 diabetes [30]. The differences might be
caused by differential (genetic) susceptibility to the adverse effects of increased levels
of blood glucose and/or blood pressure.

Many studies have determined that microalbuminuria is a powerful predictor for
the future development of diabetic nephropathy and retinopathy in type 1 diabetes
mellitus. However, the systematic review of NCCHTA showed less information available
on type 2 than on type 1 DM, but the available data provide no evidence that
microalbuminuria or raised albumin excretion rate has and any independent prognostic
significance for the incidence of diabetic retinopathy in type 2 DM, and more information
is needed [25]. The demonstrated relationship between microalbuminuria and the
development of retinopathy in type 1 diabetes makes this an important issue to also be

studied in type 2 diabetic patients.



CHAPTER III

RESEARCH DESIGN AND METHODOLOGY

Research question
Is microalbuminuria associated with proliferative diabetic retinopathy (PDR) in

type 2 diabetes?

Objectives

To study whether microalbuminuria is associated with PDR in type 2 diabetes.

Research Hypothesis

Microalbuminuria and proliferative diabetic retinopathy are microvascular
complications in type 2 diabetes. Their onset may be simultaneous occurrence. When
microalbuminuria is detected, retinopathy should be already developed as well. If
microalbuminuria is strongly associated with proliferative diabetic retinopathy,
microalbuminuria alone or combined with other tools may be a predictor of PDR in type

2 diabetes.

Statistical hypothesis
1. Null hypothesis

Microalbuminuria is not associated with PDR in type 2 diabetes.

2. Alternative hypothesis

Microalbuminuria is associated with PDR in type 2 diabetes.



Conceptual framework

Risk factors of DN
® Hyperglycemia
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® Smoking

® (Genetic factor

Type2 Microvascular

DM complications

Diabetic

nephropathy

Microalbuminuria

(Urine dipstick)
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v Show microalbuminuria may be a predictor of PDR
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Operational definitions

1.

Type 2 DM was diagnosed by WHO criteria. In summary, diabetes is diagnosed
if the (venous) fasting plasma glucose (FPG) value = 7.0 mmol/l (126 mg/dl), or if
the casual plasma glucose value is = 11.1 mmol/l (200 mg/dl), or if the plasma

glucose values 2 hours after a 75 g oral load of glucose > 11.1 mmoll (200

ma/dl) [1].

2. Microalbuminuria was diagnosed using urine dipsticks for microalbuminuria
(Micral test II“} which positive at least 2 of the 3 morning urine samples, will be
affirmed within 6 months [13]. The interpretation of Micral test |l test strip is
visually compared color to the color blocks an a chart attached to the vial. The
color presentation is 0 mg/l, 20 mg/l, 50 mg/dl, and 100 mg/l albumin. For a
cutoff concentration of 20 mag/l, a sensitivity of 96.7% and a specificity of 71%
was calculated. The negalive predictive value was 0.95, and the positive
predictive value was 0.78, with a 52% prevalence of positive sample [14].

3. Urinary tract infection was diagnosed by urine examination through microscope
for presence of white blood cell more than 5 cells/HPF [15].

4, Haematuria was diagnosed by urine examination through microscope for
presence red blood cell more than 5 cells/HPF [16].

5. Diabetic retinopathy was classified into 5 grades [17).

(;ade Severity level F'mciing_ ~ D |

1 Mo diabetic retinopathy N abﬁorrnalities

2 Mild non-proliferative Microaneurysm only o

diabetic retinopathy

3 Moderate non-proliferative | More than just microaneurysm but less than N

diabetic retinopathy severe non-proliferative  diabetic retinopathy
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Grade Severity level Finding
4 Severe non-proliferative Any of the following :
diabetic retinopathy -more than 20 intraretinal hemorrhages in each

of 4 quadrants;
-Definite venous beading in 2 quardrants;
-Prominent intraretinal microvascular
abnormalities in 1+ quadrant and no signs of
proliferative retinopathy

5 Proliferative diabetic -No vascularization on optic disc (NVD)

retinopathy

-Neovasculization elsewhere (NVE)

| -Preretinal hemorrhage

-Vitreous hemorrhage (VH)

-Tractional retinal detachment (TRD)

Diabetic macular edema

present

Retinal thickening within 2 disc diameter from

macular center

-Mild diabetic macular edema: Some retinal
thickening if hard exudates in posterior pole but
distant from the center of the macula

-Moderate diabetic macular edema: Retinal
thickening of hard exudates approaching the
center of the macula but not involving the center
-Severe diabetic macular edema: Retinal
thickening of hard exudates involving the center

of the macula

Research design

Cross-sectional analytic study
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Research methodology
1. Population
1.1 Target population: Type 2 diabetic patients
1.2 Study population: Subjects were type 2 diabetic patients in 7
governmental hospitals, i.e. Rajavithi Hospital, Lerdsin Hospital,
Nopparatrajathanee Hospital, Mettaphacharak (Watraikhing) Hospital,
Prathumthani Hospital, Lardlumkaew Hospital, and Nongsau Hospital.
2. Inclusion criteria
2.1 Type 2 diabetic patients
2.2 Duration of type 2 diabetes > 5 years after diagnosis
[Due to type 1 DM occur as diagnosis while type 2 DM may occur
several years before [7]. Complication from type 1 DM can be
presented after 5 years [6]. Hence, we estimate complication from
type 2 DM may occur 5 years after diagnosis.]
3. Exclusion criteria
3.1 Macroalbuminuria (overt nephropathy stage)
3.2 Pregnancy
3.3 Diabetic patients with serum creatinine > 1.5 mg/dl (chronic kidney
disease stage)
3.4 The causes of transient elevations in urinary albumin-excretion [6]
3.4.1 Urinary tract infection
3.4.2 Haematuria
3.4.3 Marked hypertension (Systolic blood pressure > 160 mmHg
and/or diastolic blood pressure > 100 mmHg) [32].
3.4.4 Acute febrile illness (Temperature > 38.3 °C) [33]

3.4.5 Heart failure (New York Heart Association class [1I/1V) [34]
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4. Sample size determination

Sample size estimation is based on a comparison of two independent

proportions as shown below.

{Za/z\/(rﬂ)l;(l—l_)) +Z5P,(1-P,)+P, (I—PZ)}Z

n r(P,~P,)
where
P, = Proportion of PDR in type 2 diabetes with microalbuminuria
= 0.14 [29]
P, = Proportion of PDR in type 2 diabetes with normoalbuminuria
= 0.03 [29]
F = (P,+ rP)/(r+1)
O = 0.05 (Two-sided) Zop, = 1.96
B =020 Zg =084
r=n,:n, = 21
n, = number of patients with microalbuminuria
n, = number of patients with normoalbuminuria
n, = 68
n, = 136

2

Total subjects = 204
5. Outcome measurement
The outcomes of this study are proliferative diabetic retinopathy in type 2

diabetic patients with microalbuminuria or normoalbuminuria.

Study procedure
1. Interview and collect patients’ personal data such as sex, age, duration of
DM, smoking status, hypertension, and etc.
2. Measure body weight, height, waist, and hip circumference.
3. Measure systolic and diastolic blood pressure using digital OMRON Model

HEM-907 in order to avoid human error from measurement.
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11.

12.
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Measure temperature using ear thermometer.

Do physical examination.

Screen type 2 diabetic patients’ urine with proteinuria dipsticks to exclude
macroalbuminuria.

Perform microscopic urine analyses to exclude diabetic patients with urinary
tract infection and/or haematuria through laboratory which participated in the
external quality assessment schemes in clinical microscopy (EQAM)
program, Faculty of Medical Technology, Mahidol University.

Measure serum creatinine, BUN, fasting plasma glucose, HbA,C,
cholesterol, and triglyceride through laboratory which participated in the
External Quality Assessment (EQA) program, Faculty of Medical Technology,
Mahidol University.

Measure microalbuminuria using urine dipstick (Micral test |I®) which
participated in Inter-laboratory comparison among 3 laboratories. If patients
qualify according to inclusion and exclusion criteria. Positive result will be
confirmed with another second positive measurement. About three urine
dipsticks for microalbuminuria will be taken within six months.

Measure intraocular pressure before performing dilated pupils.

Examine mydriatic ophthalmoscopy through dilated pupils and diagnosed
retinopathy by Board-certified ophthalmologist who had subspecialty training
in retina, all experienced in diabetic retinopathy grading.

Study the relationship -between proliferative diabetic retinopathy in type 2

diabetic patients with and without microalbuminuria.

Data collection

1.

o ~ w0

Patients” demographic data: Age, weight, height, BMI, waist and hip
circumference, duration of DM, smoking status.

Result from urine dipstick test for macroalbuminuria

Serum creatinine, BUN, FPG, HbA,C, Cholesterol, and triglyceride

Result from urine dipsticks for microalbuminuria

Report of diabetic retinopathy with grading from ophthalmologist (retina

subspecialty)
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Data analyses

The patients’ demographic data and baseline characteristics were presented
using descriptive statistics: means, SD, and percentage. Chi-square test was employed
to test the association between microalbumonuria and PDR in type 2 diabetes. If cell in
2 X 2 table have expected count less than 5, Fisher's exact test was used. Linear-by-
Linear Association was used to test the relationship of albuminuria and the grading of
proliferative diabetic retinopathy. The magnitude of the difference in proportion of
diabetic retinopathy between type 2 diabetes with micro- and normoalbuminuria was

presented along with its 95% confidence interval.

Expected benefit and applications

If microalbuminuria is strongly associated with PDR in type 2 diabetes, there are

benefits;

1. Patients with microalbuminuria should be referred to diagnose diabetic
retinopathy by ophthalmologist as soon as possible. Ophthalmologist can
prevent or early treat PDR using laser photocoagulation surgery or
vitrectomy before blindness.

2. Early treatment complications will slow down the occurrence of end stage
renal disease and blindness. Thus, the burden. of diabetes mellitus will be
decrease and diabetic patients will prolong their qualities of life.

3. Policy maker may consider urine dipsticks for microalbuminuria is worth the
cost for health ‘care program in order to early detect microvascular

complications.

Limitation

According to sample size determination, the proportions of PDR in diabetic
patient with microalbuminuria compared with normoalbuminuria should be 1:5. The
number of subjects with microalbuminuria will be small and total subjects will be large.
Due to the limitation of budget and studious time, the appropriate number of subjects
with microalbuminuria compared with normoalbuminuria in this study is 1:2. If the

proportion is 1:1, the number of subjects with microalbuminuria will be large.
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Ethical considerations

The protocol was reviewed by the ethics committee of Ministry of Public Health
and/or the ethics committee of studious hospital. Patients’ inform consents were
obtained in all cases. The study conducted in line with the Declaration of Helsinki and
subsequent amendments. Patients got benefit from this study such as blood
examination, eyes examination, etc. There was no serious harm except glaucoma which
is actually very small. Patients’ intraocular pressure was measured before receiving
mydriatics. In case of acute angle closure glaucoma precipitated by mydriatics will

receive prompt standard treatment.



CHAPTER IV

RESULTS

Demographic and baseline data

A total of 204 subjects (58 males and 146 females) were included in this study.
The sex distribution for subjects is 28% men and 72% women. The mean (SD) of
average age is 62.2 (9.0) years and the subjects’ duration of diabetes is 10.4 (5.3)
years. The blood pressure status for all subjects are 35.2% normotension, 38.6% and
26.2% hypertension with and without using angiotensin converting enzyme inhibitor
(ACE inhibitor) or angiotensin receptor blocker (ARB) respectively.

The average weight, height, waist circumference, hip circumference, and BMI is
65.1 (12.0) kilograms, 155.9 (7.1) centimeters, 90.9 (10.8) centimeters, 100.7 (9.7)
centimeters, and 26.7 (4.3) kg/m2 respectively.

The subjects have a mean systolic blood pressure of 133.2 (17.1) mmHg and a
mean diastolic blood pressure of 71.2 (10.1) mmHg.

Examination of blood samples (fasting plasma glucose, HbA,C, BUN, creatinine,
cholesterol, and triglyceride) in 204 subjects is 151.9 (49.9) mg/dl, 8.8 (1.8) %, 14.1
(4.2) mg/dl, 0.8 (0.2), 199.8 (41.9) mg/dl, and 151.4 (78.9) mg/dl respectively.

68 and 136 type 2 diabetic patients were allocated in micro- and
normoalbuminuric group respectively. The current smoking was found in subjects with
microalbuminuria (10.3%) more than normoalbuminuria (2.2%). The characteristics of

both groups are similaras shown intable 1.
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Table 1. Baseline characteristics of type 2 diabetic patients compare between micro-

and normoalbuminuria

Normoalbuminuria

Microalbuminuria

(n=136) (n=168)

Sex (M:F) 30:106 28:40
Age (years) 62.0(9.5) 62.5(8.2)
Duration of type 2 DM (years) 10.2(5.2) 10.8(5.5)
Hypertension (%)

No 37.3 30.9

Yes with ACEI or ARB 38.1 39.7

Yes without ACEl or ARB 24.6 29.4
Smoking (%)

No 86.0 75.0

Yes 2.2 10.3

Ex-smoker 11.8 14.7
Weight (kgs.) 65.1(11.8) 65.2(12.5)
Height (cms.) 155.4(6.7) 157.0(7.8)
BMI (kg/mz) 26.9(4.3) 26.4(4.3)
Waist (cms.) 91.0(10.8) 90.8(10.8)
Hip (cms) 101.1(9.6) 100.0(10.1)
Systolic blood pressure (mmHg) 133.9(18.3) 132.0(14.3)
Diastolic blood pressure (mmHg) 71.4(10.3) 70.8(9.8)
FPG (mg/dl) 151.1(48.5) 153.3(53.1)
BUN (mg/dl) 13.7(4.1) 14.9(4.4)
Serum creatinine (mg/dl) 0.8(0.2) 0.9(0.2)
HbA,C (%) 8.7(1.7) 8.8(1.9)
Cholesterol (mg/dl) 201.5(42.6) 196.4(40.5)
Triglyceride (mg/dl) 153.7(80.9) 146.7(75.0)

Data are means (SD) or percentage

ACEI = Angiotensin converting enzyme inhibitor, ARB = Angiotensin receptor blocker



18

Relationship between PDR and microalbuminuria

Table 2. Relationship between PDR and microalbuminuria

No DR-Severe Exact
Albuminuria PDR Total
NPDR p-value
Normoalbuminuria (n=136) 4(2.9%) 132(97.1%) 136 0.67
Microalbuminuria (n= 68) 1(1.5%) 67(98.5%) 68
Total 5 199 204

Table 2 showed association between albumiuria and PDR. It happened that the
proportion of PDR among subjects with normoalbuminuria was even higher than that
among subjects with microalbuminuria (2.9% vs. 1.5%). However, the difference of
1.4% was not statistically significant (p=0.67) with 95% CI of the difference in proportion
of PDR between normo- and microalbuminuria of -5.1% to 6.1%. That is, it is possible
that normoalbuminuria group may have at most 5.1% less PDR or at most 6.1% more
PDR compared to microalbuminuria group. There is a 95% chance that the difference in

proportion of PDR between normo- and microalbuminuria varies from -5.1% to 6.1%.

Relationship between severe NPDR-PDR and microalbuminuria

Table 3. Relationship between severe NPDR- PDR and microalbuminuria

No DR-
Severe NPDR- Exact
Albuminuria moderate Total
PDR p value
NPDR
Normoalbuminuria (n=136) 5(3.7%) 131(96.3%) 136 0.49
Microalbuminuria (n= 68) 4(5.9%) 64(94.1%) 68
Total 9 195 204

By grouping between severe NPDR and PDR due to the grades of treatment, the
proportion of severe NPDR and PDR among subjects with microalbuminuria was even

higher than that among subjects with normoalbuminuria (5.9% vs. 3.7%). The difference
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of 2.2% was not statistically significant (p=0.49) with 95% CI of the difference in
proportion of severe NPDR and PDR between micro- and normoalbuminuric group of
-10.8% to 3.7%. Microalbuminuric group may possibly have at most 10.8% less severe
NPDR and PDR or at most 3.7% more severe NPDR and PDR compared to
normoalbuminuric group. A 95% chance of the difference in proportion of severe NPDR

and PDR between micro- and normoalbuminuria varies from -10.8% to 3.7%.

Relationship between microalbuminuria and grading of DR

Table 4. Relationship between microalbuminuria and grading of DR

Grading of diabetic retinopathy

Albuminuria Mild Moderate  Severe
No DR PDR Total
NPDR NPDR NPDR

Normoalbuminuria 104(76.5%) 15(11.0%) 12(8.8%) 1(0.7%) 4(3.0%) 136
(n=136)

Microalbuminuria  47(69.1%) 8(11.8%) 9(13.2%) 3(4.4%) 1(1.5%) 68
(n=68)

Total 151(74.0%) 23(11.2%) 21(10.3%) 4(2.0%) 5(2.5%) 204

Exact p value = 0.29

Table 4 showed association between albuminuria and the grading of diabetic
retinopathy. The proportion of no DR (74%) was the highest among the grading of
diabetic retinopathy. There were no DR 69.1% and 76.5% in micro- and
normoalbuminuric -group- respectively.. The -difference .in the grading of diabetic
retinopathy between micro--and normoalbuminuric group was not statistically significant

(p =0.29).
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Microalbuminuria and grading of DR in exclusion group

Table 5. Microalbuminuria and grading of DR in exclusion group

Grading of diabetic retinopathy

Mild Moderate  Severe
No DR PDR Total

NPDR NPDR NPDR

Microalbuminuria ~ 27(67.5%) 6(15.0%) 6(15.0%) 0(0%) 1(2.5%) 40

(n=40)

Table 5 shows the grading of diabetic retinopathy of 40 subjects with
microalbuminuria that were excluded due to exclusion criteria. Microalbuminuria without
retinopathy is 27(67.5%). The remaining are mild NPDR (15%), moderate NPDR (15%)),

and PDR (2.5%). There is no severe NPDR in this group.

Exclusive microalbuminuria differentiated by exclusion criteria

Table 6. Microalbuminuria in exclusion group which differentiated by exclusion criteria

Exclusion criteria

Serum Cr Marked
UTl haematuria  Total
>1.5 mg/dl hypertension
Microalbuminuria 1(2.5%) 12(30%) 26(65%) 1(2.5%) 40

(n=40)

Cr = Creatinine, UTI = Urinary tract infection

Table 6 -shows. 40 subjects with microalbuminuria. in.exclusion group which
differentiated ~by - exclusion "criteria, i.e. urinary tract 'infection (65%), marked

hypertension (30%), haematuria (2.5%), and. serum creatinine-more than 1.5 mg/dl

(2.5%).



CHAPTER V

DISCUSSION

This cross-sectional study indicates microalbuminuria using dipsticks is not
associated with proliferative diabetic retinopathy (PDR) in type 2 diabetes. It is possible
that subjects with PDR may be excluded along with microalbuminuria in exclusion
group. However, the consideration of PDR with microalbuminuria of 40 subjects in
exclusion group also found that most of subjects (67.5%) are no DR and only 2.5% is
PDR. The subjects were selected from 7 hospitals instead of general population;
selection bias might have been a confounding variable. 72% of subjects are women. It is
possible that women’ complications may occur more than men or women concern their
health more than men. This study also confirms other published studies that
microalbuminuria may not be sufficient for the early detection of retinopathy [21, 25, 29].
Cruickshanks et al [21] cross-sectionally studied the association of microalbuminuria
with diabetic retinopathy from 1139 participants in the Wisconsin Epidemiological Study
of Diabetic Retinopathy. Microalbuminuria was measured by an agglutination inhibition
assay. They reported that microalbuminuria was associated with PDR in type 1 but not
among type 2 diabetes [21]. Savage et al [29] reported the cross-sectional study of 947
type 2 DM that overt albuminuria, but not microalbuminuria, was independently related
with the presence of retinopathy. Due to type 2 DM occur several years before diagnosis
[7]. Hence, the longer duration of DM the more chance to find complications is. Subjects
with the duration .of type 2 DM less than 5 years in this-study were excluded. Some
studies supported that microalbuminuria was associated with diabetic retinopathy in
type 2 diabetes [13, 23, 26, 28]. These studies did not specifically study the association
between microalbuminuria and PDR. The cross-sectional study of Manaviat et al [13] in
Iran showed the significantly association between microalbuminuria using dipsticks and
diabetic retinopathy. However, this study did not clearly show exclusion criteria. The 2-
years longitudinal study in Chile found microalbuminuria from urine excretion in 24 hours

was significantly associated with retinopathy but the subjects with microalbuminuria was
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a small group (36 and 64 subjects with microalbuminuria and normoalbuminuria
respectively) [28].

Although this study shows that urine dipsticks for microalbuminuria cannot be
prognosticated proliferative diabetic retinopathy, but microalbuminuria still is an
expression of an early phase of diabetic renal disease. However, there are many factors
can cause ftransient elevations in urinary albumin excretion such as short-term
hyperglycemia, marked hypertension, urinary tract infection, haematuria, heart failure
etc [6, 20]. The findings using urine dipsticks for microalbuminuria are semiquantitative
but there are reasonable to use them for initial screen by concerning the influential
factors. It's noticed that urinary tract infection and hypertension are major causes of
microalbuminuria in exclusion group. Hence, the factors can cause transient
microalbuminuria should be solved before using urine dipsticks for microalbuminuria.
The appropriate treatment of type 2 diabetes in microalbuminuric stage will slowly
decline GFR [3]. If policy maker decides to use urine dipsticks for microalbuminuria as a
screening test for diabetic population, overt nephropathy can be prevented. Nelson and
colleagues [18] reported glomerular filtration rate declines progressively after the
development of macroalbuminuria. This stage can be prevented using angiotensin
converting enzyme inhibitor (ACE inhibitor) or angiotensin receptor blocker (ARB) [3].
Subjects with hypertension were found in microalbuminuric (62.7%) more than
normoalbuminuric group (69.1%) in the study which using ACE inhibitor or ARB 39.7%
and 38.1% in micro- and normoalbuminuric group respectively. Diabetic patients with
hypertension can be treated with these medicines as well in order to prevent
microvascular complications. Type 2 diabetes with microalbuminuria should be treated
with ACE inhibitor or ARB although they are normotensive blood pressure [3]. Rachmani
and colleagues [34] conducted two prospective, randomized, double-blinded studies
found ACE inhibitor, enalapril, was associated with a fewer new cases of retinopathy
than placebo in both normoalbuminuric and microalbuminuric, normotensive patients
with type 2 DM.

From this study, urine dipsticks for microalbuminuria cannot use for screening
proliferative diabetic retinopathy. By grouping severe NPDR and PDR due to stages of

treatment by ophthalmologists, there is no relationship between microalbuminuria and
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the group of severe NPDR and PDR. However, the screening for diabetic retinopathy
should be done when diagnosis type 2 DM as recommended in the clinical practice
guideline [3, 10]. Current smoking status was found in micro- (10.3%) more than
normoalbuminuric group (2.2%). Smoking is one of many risk factors for diabetic
nephropathy [3] and smoking is a factor that can cause transient elevation of urinary
albumin excretion as well [6]. In this study, smoking status is not an exclusion criterion
because smoking can generally be found in the current population. This study would like

to use the result inferring to population.



CHAPTER VI

CONCLUSION

Microalbuminuria using urine dipsticks is not associated cross-sectionally with
proliferative diabetic retinopathy (PDR) in type 2 diabetes and it cannot be used for the
early detection of PDR.

By grouping severe NPDR and PDR due to stages of treatment by
ophthalmologists, there is also no relationship between microalbuminuria and the group

of severe NPDR and PDR.



RECOMMENDATION

Further study about microalbumunuria using urine dipsticks may be combined
with other tools such as other risk factors, etc. for screening proliferative diabetic
retinopathy appropriately. Further longitudinal studies with sufficient subjects will clearly
confirm whether microalbuminuria is associated with proliferative diabetic retinopathy.
However, type 2 diabetes should be aggressively controlled of glycemia, dyslipidemia,

and blood pressure to slow diabetic complications.
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Patient information sheet
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Appendix C

Patient No. ............

36

The Relationship between Microalbuminuria and Proliferative

Diabetic Retinopathy in Type 2 diabetes

CASE RECORD FORM

Principal investigator

Name : ‘Dr.Attasit. Srisubat

Address . Division of Research Development,
Bureau of Medical Technical Development.
Department of Medical Services, MOPH.
Nonthaburi, Thailand 11000

Telephone : +662 590 6249

Fax . +662 591 8270



Patient No. ...........

Assessment data

37

dd

mm

yy

Eligibility criteria

Inclusion criteria

Written informed consent

Type 2 diabetes

Duration of type 2 diabetes > 5 years

Exclusion criteria

® Macroalbuminuria

® Pregnancy

® Serum creatinine > 1.5 mg/dl

® Systolic blood pressure > 160 mmHg
® Diastolic blood pressure > 100 mmHg
® Urinary tract infection

® Haematuria

® Ffever

® Heart failure

Conclusion

Patient fulfils all inclusion criteria and none of exclusion criteria

Yes

No




Patient No. .....

Assessment data
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dd mm yy
Patient description dd mm yy
Date of birth ...
Sex [ 1.Male [J2.Female
AgE oo years
Duration of type 2 diabetes............. years
Hypertension
O 1.No
] 2.Yes with ACE-Il or ARB usage
[] 3.Yes without ACE-I or ARB usage
Smoking
L1 1.No
[J2.Yes
No. of cigarette per day.............. cigarettes
Duration of smoking................. years
(] 3.Ex-smoker ................ years
Physical examination (1% visit)
Weight............... kgs
Height................. cms
BMI...oo kgs./m
Waist.........oi cms
Hip.oooo cms
SBERAT YD) mmHg /DBP............. mmHg /
1% visit 2" visit 3" visit
Date (v ) I R ) (v,
Fever [11.No [12.Yes [1.No [2.Yes [J1.No [J2.Yes
SBP>160mmHg [J1.No [J2.Yes [J1.No [J2.Yes []1.No []2.Yes
DBP>100mmHg [H.No []2.Yes []J1.No[J2.Yes []1.No []2.Yes
Heart failure [H.No [J2.Yes [J1.No[]2.Yes []1.No []2.Yes




Patient No. ............

39

Assessment data

dd mm vy
Laboratory
BUN. ..ot md/dl
Serum creatinine.................. md/dl
Fasting plasma glucose........... mg/dl
HPA,C...ooei %
Cholesterol......cccooiiiiiian... mg/dl
Triglyceride..........ccoeei i mg/dl
Urinary analysis
1 visit 2" visit 3" visit
Date (L. ) B AR ) (o, )
Sugar []1.No [J2Yes []1.No [J2.Yes []1.No [J2.Yes
Protien [J1.No[J2.Yes []1.No []2.Yes []1.No []2.Yes
RBC [J1.No [J2.Yes  [1.No [J 2.Yes [11.No [ 2.Yes
WBC []1.No [2.Yes []1.No [J2.Yes []1.No []2.Yes
Microalbuminuria [11.No [J2.Yes [J1.No [J2.Yes [11.No []2.Yes
(strip test)
Eye examination
Visual acuity (VA)  L........... PH............ Roo . PH................
Intraocular. pressure. Lo ... iven v inivvn B g gt
Fundus examination
Diabetic-retinopathy
[0 1.No DR 1.L 2R
] 2.Mild NPDR 1L [2R
[1 3.Moderate NPDR []1.L [J2R
[] 4.Severe NPDR 1L O2R
[] 5.PDR 1L 2R
[] Macula edema 1L [O2R
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