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Abstract While the correlation and chronology of
appearance of diabetic nephropathy and retinopathy is
well known in diabetes mellitus (DM) type 1 patients, in
DM type 2 this correlation is less clear. A retrospective
study including 917 patients with type 2 diabetes.
Diabetic retinopathy (DR) was diagnosed based on
fundus photographs taken with a non-mydriatic camera.
Diabetic nephropathy (DN) was diagnosed based on
urinary albumin concentration in a morning urine
sample. Statistical analysis was performed with a
seemingly unrelated regression (SUR) model. Our
SUR model is statistically significant: the test for
“model versus saturated” is 2.20 and its significance
level is 0.8205. The model revealed that creatinine and
glomerular filtration rate (GFR) have strong influence
on albuminuria, while body mass index (BMI) and
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HbAc have less significant impact. DR is affected
positively by diabetes duration, insulin treatment,
glucose levels, and HbAc, and it is affected negatively
by GFR, triglyceride levels, and BMI. The association
between DR and DN was statistically significant and
had a unidirectional correlation, which can be explained
by chronological order; that is, DN precedes DR. The
present study indicates that the level of renal impair-
ment is proportional to the level of damage to the eye.
Furthermore, such an association has a chronological
aspect; the renal injury precedes retinal damage.
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Introduction

Diabetes is the modern world’s most prevalent disease,
and its morbidity is increasing constantly with no signs
of slowing[l, 2]. Out of the many microvascular
complications caused by diabetes, nephropathy and
retinopathy are unquestionably the major ones. Indeed,
in the U.S., among the working population, diabetic
retinopathy is one of the leading causes of blindness; in
Israel, diabetic retinopathy is responsible for 10.1 % of
all blindness cases, and this figure is constantly rising [3].

As to nephropathy caused by type 2 diabetes, this is
the most frequent cause of end-stage renal disease in
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the United States, Europe, and Japan. In the United
States, the incidence of diabetic nephropathy has
increased by 150 % in the past 10 years [4].

The first sign of renal involvement in patients with
type 2 diabetes is most often microalbuminuria.
Microalbuminuria affects 20-40 % of patients
10-15 years after the onset of diabetes. Progression
to macroalbuminuria occurs in 20-40 % of patients
over a period of 15-20 years after the onset of
diabetes. Once macroalbuminuria is present, creati-
nine clearance declines by an average of 10-12 ml/
minute each year in untreated patients [4].

To reduce the risk or slow the progression of
microvascular complications of diabetes, current rec-
ommendations for patients with type 2 disease are to
perform an initial eye examination by an ophthalmol-
ogist shortly after diagnosis for retinopathy, and test
urinary albumin excretion for nephropathy. Subse-
quent examinations should be repeated annually [5].
Understanding the association between different com-
plications of diabetes could lead to a better under-
standing of the disease processes and subsequently
better screening and management techniques.

The correlation between diabetic nephropathy and
retinopathy is well known in DM type 1 patients. In DM
type 2 this correlation is less clear. The chronology of
appearance of microvascular complications in DM type
1 is retinopathy prior to nephropathy, while in DM type
2 the chronology of complications is not clear [6].

Very few studies demonstrated an association
between diabetic nephropathy and diabetic retinopathy
in DM type 2 patients. Most agree that there is a
correlation;[7-10] however, not all agree [11, 12]. Some
of these studies observed small communities with unique
lifestyles. All those studies divided retinopathy to only
two severity levels (proliferative and non-proliferative).
No similar studies were conducted in Israel.

The purpose of this study is to evaluate the possible
correlation between the severity of diabetic nephrop-
athy and diabetic retinopathy in patients with type 2
diabetes mellitus.

Methods
Study population

The research includes patients with diabetes mellitus
type 2, whose fundus photographs were taken by a
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non-mydriatic camera, between January 1, 2009 and
June 30, 2010. All the patients are clients of Clalit
Health Fund and live in various cities and towns (Beer-
Sheva, Rahat, Dimona, Sderot, Ashkelon, Kiryat Gat,
Netivot, Arad, and Ofakim) in southern Israel.

Included in this research were patients with diabe-
tes type 2, older than 18 years of age.

There were 1,004 subjects who had digital fundus
photographs taken during the study period, of them 87
were excluded based on our exclusion criteria (most
had additional eye pathology). Therefore 917 subjects
were included in research; of them 56 % were males
and 44 % females, and 12 % belonged to the Arab
community. In this area of Israel, most of the patients
affiliated with the Arab community are Bedouins. As
95 % of the non-Arab population in Israel is Jewish
[13], the other 88 % of our subjects are mostly Jews.

All the fundus photographs were taken by a
skilled technician with the same non-mydriatic
camera (Topcon TRC NW6S). The interpretation
was performed by a single fellowship-trained retina
specialist. After the interpretation, only records that
met the above-mentioned criteria were included in
the research. Excluded from research were patients
without the required blood and urinary exams, and
patients who had other eye pathologies (e.g.,
cataract, drusen).

Since all pictures were reviewed by the same
ophthalmologist, we also calculated the intra-observer
agreement. Three hundred random pictures were
evaluated in a masked fashion at least 8 months after
the first examination. The overall proportion of
agreement was of 97.7 % with an “almost perfect”
kappa coefficient of 0.92. Table 1 shows the charac-
teristics of the study population.

Study design

This retrospective study was approved by the local
medical ethics committee in Soroka Medical Center,
and was conducted in accordance with the guidelines
of the Helsinki declaration.

All the patients data were extracted from their
medical records. The collected data were: age, sex,
affiliation with Arab community (yes/no), body mass
index (BMI), smoking, diabetes duration, cholesterol,
LDL, HDL, triglycerides, HbA c, hypertension, insu-
lin treatment (yes/no), blood creatinine, blood glucose,
urine microalbumin, and diagnosis with digital
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Table 1 Characteristics of participating subjects
Variable N Mean + S.D. Range
Age (years) 917 62 + 11 28-91
Arab_community {0,1} 917 1-Arab (N = 107) 12 %; 2-Other (N = 810) 88 %
BMI (kg/m?) 848 30.1 £ 5.6 16.2-58.8
DM_duration (months) 900 77.2 + 33.8 4-211
TG (mg/dL) 891 170.5 £ 89.8 44-701.4
HbAc (%) 912 78 +23 4.9-142
Insulin_Tx {0,1} 500 0-no (N = 383) 77 %; 1-yes (N = 117) 23 %
Creatinine (mg/dL) 917 0.9 £ 0.6 0.36-7.6
Glucose (mg/dL) 905 157 £ 51 28-397
GFR (mL/min/1.73 m?) 916 93 £ 30 8-193
Microalbumin_U (mg/L) 907 119 + 379 0.7-5,205
Diagnosis_DP {1,2,3,4} 917 1-Normal (N = 538) 59 %; 2-NPDR-mild (N = 276) 30 %;
3-NPDR-moderate (N = 48) 5 %; 4-PDR (N = 55) 6 %
Sex {0,1} 917 O-female (N = 403) 44 %; 1-male (N = 514) 56 %
Smoking (0,1,2} 917 0-nonsmoker (N = 588) 64 %; 1-smoker (N = 175) 19 %;
2-ex-smoker (N = 154) 17 %
Cholesterol (mg/dL) 891 173 £+ 33 94-358
LDL (mg/dL) 870 93 + 26 30-207
HDL (mg/dL) 888 46 £+ 12 15-111
HTN {0,1,2,3} 917 0-no HTN (N = 155) 17 %; 1-HTN-stage 2 (N = 57) 6 %;

2-HTN-stage 1 (N = 277) 30 %; 3-pre HIN (N = 428) 47 %;

Arab_Community whether the patient belongs to the Arab community; Cholesterol total blood cholesterol; Creatinine measured
creatinine in blood; Diagnosis_DP diagnosis of retinopathy based on digital photography; GFR glomerular filtration rate; HDL high
density lipoprotein; HTN hypertension; LDL low density lipoprotein; Microalbumin_U measured microalbumin in urine; N Number
of patients; NPDR non-proliferative diabetic retinopathy; PDR proliferative diabetic retinopathy; Smoking smoking history; TG

Triglyceride levels in blood

The variables—sex, smoking, cholesterol, LDL, HDL and HTN—were collected but not included in the statistical model

photography. All the values included were measured
through year 2010. When several measured values for
the same variable were present, the average value was
used. Thus, for most of the blood- and urine-related
variables averages were used.

Insulin treatment was checked based on pharmacy
records during the research period rather than just by a
doctor’s prescription.

Hypertension was graded based on JNC7 guidelines
as normal/pre-hypertension/HTN-stage- 1/HTN-stage-2
[14].

Analytical methods

The glomerular filtration rate (GFR) was calculated
using an MDRD formula for adults (186 x Creati-
nine™ 1% x age"%?°¥ and for females multiplied
by 0.742)[15].

Diabetic nephropathy assessment is made by mea-
suring albumin excretion in urine [5]. The gold
standard for measuring microalbuminuria is measur-
ing albumin in a 24-hour urine collection. Two less
cumbersome and well-accepted alternatives to this test
are albumin/creatinine ratio and albumin concentra-
tion measured in a spot-morning urine sample. We
used the data of measured albumin concentration in a
morning spot urine test, which is satisfactory and
comparable to the other two tests [16]. Levels less than
30 were defined as normal; 30-299—microalbumin-
uria; >300—macroalbuminuria [5]. Most of the
patients had more than one measurement; therefore
an average value was used.

Diabetic retinopathy (DR) was diagnosed by a
single fellowship-trained retina specialist, based on
fundus photographs made by a non-mydriatic Topcon
TRC NW6S. This is a well-accepted method for
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evaluation of DR comparable to the regular ophthal-
mologic exam [17-19]. DR was graded to non-
proliferative-mild (NPDR-mild), non-proliferative-
moderate (NPDR-moderate), or proliferative (PDR).

Statistical analysis

As is well known, in regression models only observed
variables are modeled, and only the dependent vari-
able has an error term. The ordinary assumption is that
independent variables are modeled without error.

Unlike regression models, but like structural equa-
tion models (SEM), in seemingly unrelated regression
(SUR) models independent variables can be both
causes and effects of other variables. That is, SUR
models appear to be joint estimates from several
regression models, each with its error term. These
regressions are related because the errors associated
with the dependent variables may be correlated [20].

Generally, SUR may lead to more efficient estimates
than running regression models separately as well as
allowing joint tests. Moreover, using SEM for SUR
models (instead of traditional regression procedures)
has the benefit that measures of model fit, modification
indices, and other aspects of SEM output become
available. Another reason one might want to use SEM is
that SEM will provide robust standard errors whereas
conventional SUR does not [21].

In SUR implemented via structural equation
modeling (SEM) the quality of the regression model
can be evaluated with a goodness-of-fit Chi square
(x2GoF). However, unlike a conventional Chi
square (2), which tests the difference between the
observed data and the expected findings (where the
expected values are those we would see under the
null hypothesis of no association between the
variables), with a ¥2GoF we are testing the differ-
ence between the observed data and our hypothe-
sized model. Because we hope that our proposed
model does fit the data, we do not want to see too
much difference; in fact, the ideal would be to have
no difference between the two. So, the smaller
%2GoF is (i.e., the further up the p value from 0.05
threshold), the better.

We exploited Stata 12 (Data Analysis and Statis-
tical Software; version 12; StataCorp LP, Lakeway
Drive, Texas, USA) software for SUR modeling using
Stata’s SEM module.
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Results

The results of the SUR model are summarized in
Table 2. Partial coefficients were calculated using
only the independent variables in a direct path to the
endogenous variables.

Figure 1 depicts the results graphically. In the
figure, the arrows from all independent variables
end at the dependent variables, and only significant
correlations appear in the figure (marked by
arrows). All the coefficients in the figure are
standardized.

Altogether, 917 patients were included. Our SUR
analysis is statistically significant: P(y%) = 0.8205.

There are variables that were collected but do not
appear in the model: sex, smoking history, total
cholesterol, HDL, LDL, and hypertension. No signif-
icant correlation was found between these variables
and either DR or diabetic nephropathy.

The analysis revealed that blood creatinine and
GFR associate strongly with albuminuria, whereas
the link of BMI and HbA;c with albuminuria is
less significant. Age links to albuminuria through
its association with GFR. Analogously, duration of
diabetes relates to albuminuria through its associ-
ation with HbA;c. Affiliation with the Arabic
community also influences albuminuria through its
association with HbAc.

Diabetic retinopathy is affected by more factors.
It is positively affected (more severe retinopathy)
by diabetes duration, insulin treatment, glucose
levels, HbA;c, and affiliation with the Arabic
community. It is negatively affected by GFR,
triglyceride levels, and BMI. We can say that
creatinine and age influence retinopathy through
their association with GFR. The negative associa-
tion between creatinine and GFR is unsurprising
because higher creatinine means lower GFR. The
same is true for the association between age and
GFR. The negative impact of GFR on retinopathy
is also expected. Lowering GFR means worsening
kidney function, which is associated with more
severe retinopathy.

Among other associations found significant are
glucose levels and HbAc, glucose levels and insulin
treatment, HbA;c and insulin treatment, diabetes
duration and glucose levels, and diabetes duration
and insulin treatment.
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Table 2 Seemingly Coef. SE p value [95 % Cl]

unrelated regression (SUR)

results Microalbumin_U
GFR 1.59 0.56 0.005 0.49 2.69
Arab_community 574 31.3 0.067 —3.96 118.9
BMI 6.38 2.10 0.001 2.75 11.0
DM_duration —0.13 0.40 0.740 —0.91 0.64
Tg 0.16 0.14 0.239 —0.11 0.43
HbA ¢ 23.6 124 0.056 —0.62 479
Insulin_Tx 57.9 33.8 0.086 —8.29 124.2
Creatinine 370.9 314 0.000 309.4 432.4
Glucose -0.29 0.32 0.374 -0.92 0.35

Diagnosis_DP

Microalbumin_U 0.0005 0.0001 0.000 0.0003 0.0008
GFR —0.0033 0.0013 0.014 —0.006 —0.007
Arab_community 0.21 0.075 0.005 0.065 0.357
BMI -0.013 0.005 0.009 —-0.23 —0.003
DM_duration 0.004 0.0009 0.000 0.002 0.006
Tg —0.001 0.0003 0.001 —0.0017 —0.0004
HbA ¢ 0.065 0.029 0.027 0.0074 0.123
Insulin_Tx 0.272 0.08 0.001 0.114 0.429
Creatinine 0.017 0.086 0.843 —-0.15 0.185
Glucose 0.002 0.0008 0.008 0.0005 0.0036

SE standard error

Estimated model Discussion

The model equations are

UA = 0.13bmi + 0.12hba + 0.08int + 0.64bc
+ 0.16gfr

DR = 0.11ar — 0.10bmi + 0.18 — 0.131g + 0.13hba
+0.16int + 0.15bg — 0.13gfr + 0.22UA.

UA (urine concentration of albumin), DR (diabetic
retinopathy), ar (affiliation with the Arabic cmmuni-
ty), bmi (BMI score), t (duration of diabetes), tg
(triglycerides), hba (HbAlc level), int (insulin treat-
ment), bg (blood glucose), bc (blood creatinine), and
gfr (GFR).

Significant association between urine albumin
indicating diabetic nephropathy and DR was estab-
lished at the significance p < 0.001.

Moreover, the association between UA and DR has
been established only in one direction—only albumin-
uria has a statistically significant effect on retinopathy.
Such a link can be explained as a chronological effect,
namely microalbuminuria precedes the emergence of
retinopathy, not the other way around.

The correlation between diabetic nephropathy and
retinopathy is well known in DM type 1 patients. The
chronology of appearance of microvascular compli-
cations in DM type 1 is retinopathy prior to nephrop-
athy. In DM type 2 this correlation is less clear [6].

Our study indicates that there is a strong correlation
between diabetic retinopathy and diabetic nephropa-
thy. The severity of renal impairment is associated
with the severity of the damage to the eye. Moreover,
this correlation has a chronological aspect—the renal
injury (as measured by albumin in urine) precedes
retinal damage.

Based on this finding, future studies may give us a
better insight into the mechanisms leading to micro-
vascular damage in diabetes, and better ways to
screen, treat, and control the disease.

The prevalence of diabetes is expected to grow
throughout the world [1, 2]. Diabetes currently
imposes a considerable economic burden on the
healthcare services [22, 23]. Currently, the screening
for both nephropathy and retinopathy is recommended
starting soon after the diagnosis of diabetes type 2 [5].
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Fig. 1 Graphic representation of the SUR model. The lines represent significant correlations only, with the standard coefficient and

p value next to each line

The screening for nephropathy is easy as it is done by a
simple annual urine exam. The screening for retinop-
athy is more complicated as it requires ophthalmologic
examination once a year [5]. This leads to a lower
compliance for the screening of retinopathy and a
greater burden on the healthcare system.

The HbAlc monitoring is the best way to assess
glycemic control in type 2 diabetic patients [5].
Therefore, it was expected to find a significant
correlation between HbAlc and both retinopathy and
nephropathy.

We also found that in the Arabic community the
levels of HbAlc are higher; therefore, the glycemic
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control in this community is less satisfying. This
finding is supported by two other studies that were
performed recently in Israel [24, 25]. As a result, the
patients from this community had worse retinopathy
and nephropathy. The reason for this difference may
stem from the lifestyle of the Arabic community in
southern Israel. Most of them belong to the Bedouin
Community. Previous studies explained the differ-
ences mainly by metabolic changes that occurred
during the transition from a traditional Bedouin
lifestyle to a more modern one that occurred during
the last decades, to lower compliance for medical
treatment, and to less access to medical services. There
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also might be a higher genetic predisposition for
complications of diabetes in the Bedouin community
[26, 27].

There are several limitations to this study:

We examined only the population that lives in
Beer-Sheva and the surrounding cities in southern
Israel. Most of this population is of middle and lower
socioeconomic status [28]. It is well known that a
patient with lower socioeconomic status has higher
disease prevalence and more complications [24, 29].

As ethnicity is not recorded in the medical files,
affiliation with the Arab community was based on the
patient’s location of residence. Our study area is
characterized by a separation between the Arab
community dwelling and the major population resi-
dential areas; therefore, we believe the error in the
patients’ affiliation estimation to be minimal.

We did not find any correlation between hyperten-
sion and albuminuria, despite the fact that the asso-
ciation between chronic kidney disease and
albuminuria is acknowledged, and hypertension is a
known cause of renal damage [30]. The reason for this
might stem from the manner in which the blood
pressure data was recorded—as a degree of severity
rather than a numerical value.

In conclusion, our study indicates that there is a
strong correlation between the severity of diabetic
retinopathy and the severity of diabetic nephropathy.
We also found that renal injury precedes retinal
damage. This finding should be confirmed by future
prospective studies.
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