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Abstract
Purpose—In this study we examine the association of blood pressure (BP), retinal thickness
(RT), and vessel caliber in patients with type 2 diabetes and high HbA1c (elevated long-term
blood glucose), either with or without mild or moderate non-proliferative diabetic retinopathy
(NPDR).

Methods—Forty-three type 2 diabetes patients with high HbA1c measures (23 without NPDR
and 20 with mild to moderate NPDR) and 22 age-matched, non-diabetic controls participated. BP,
RT (Stratus OCT3), fundus photography, and HbA1c were measured. Correlations between BP,
HbA1c, vessel caliber, and RT were evaluated.

Results—1) Diastolic BP is positively and significantly associated with RT in patients with
NPDR (p <0.02). BP was not associated with retinal thickness in patients without NPDR (p =
0.83). 2) There is an association between higher HbA1c and higher diastolic BP within the NPDR
group (p<0.02). Furthermore, HbA1c modifies the slope of the relationship between diastolic BP
and RT in NPDR patients. 3) Greater venule diameters and a loss of the correlation between
decreased arteriole size and increased systolic blood pressure, seen in controls, were observed in
patients with and without NPDR.

Conclusions—The results of this study show that HbA1c and BP together have an impact on the
retinal thickness measures of patients with diabetic retinopathy. These measures should be
considered when evaluating retinal thickness in patients with diabetic retinopathy, both clinically
and in future OCT studies on this population.
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Diabetes is the leading cause of blindness in people aged 21–74 in the United States, and is
an increasing problem around the world today.1 Macular edema, the leaking of fluid from
vessels into the retinal tissue, is one of the leading causes of vision loss in these patients.2–4

Preventing macular edema in at-risk individuals would help to prevent vision loss.
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Currently, most treatments for macular edema are aimed at slowing or reducing edema
revealed through fundus examination, fluorescein angiography, or optical coherence
tomography (OCT). Reports suggest that the combination of pharmaceutical and laser
treatments are effective in treating macular edema in diabetes.5 However, earlier diagnosis
of edema even at a sub-clinical level could be helpful in reducing the impact on vision, and
lessen the need for these invasive treatments.6, 7 Finding modifiable factors that influence
retinal thickness and vessel permeability would be especially helpful in this process.

As macular edema is caused by a release of fluid and proteins from the retinal vessels, a co-
existing hypertension is of particular importance. Hypertension puts additional strain on the
small venules and arterioles of the body, which are already affected by hyperglycemia in
diabetes. In subjects without diabetes, the retinal arterioles are affected by hypertension
alone, tending to become smaller in caliber.8 It has also been shown that the retina has a
protective mechanism from hypertension in healthy individuals, a myogenic constriction of
the arterioles, and that this effect can be impaired by hyperglycemia in patients with type 1
diabetes.9

Other studies have found links between diabetic retinal changes and increased blood
pressure. In subjects with non-proliferative diabetic retinopathy (NPDR), an elevated
systolic blood pressure has been shown to be predictive of an increase in retinopathy over a
four year period.10 Furthermore, associations between higher systolic or diastolic blood
pressure and retinopathy progression over time in type 1 diabetes patients have been
noted.11, 12 Several studies have shown a relationship between blood pressure and macular
edema, with high systolic blood pressure shown to be correlated with diffuse macular
edema 13 and improved blood pressure control reducing the risk of macular edema.14

This study evaluates the association between blood pressure and retinal structure, both
overall retinal thickness as well as blood vessel calibers, in patients with type 2 diabetes and
poor blood glucose control with and without NPDR and no edema. We hypothesize that in
these patients with poor control of their diabetes, that higher blood pressure could be
associated with increased retinal thickness.

METHODS
Subjects

Forty-three subjects with type 2 diabetes (23 with no retinopathy and 20 with moderate or
mild non-proliferative diabetic retinopathy) and 22 healthy non-diabetic controls were
included. None of the controls were taking hypertensive medications, but all of the included
subjects with diabetes were taking both diabetes and hypertensive medications, prescribed
by their primary care doctors. In summary, there were 13 patients taking diuretics, 5 patients
taking beta blockers, 5 taking angiotensin II receptor blockers, 2 taking ACE inhibitors, and
2 taking calcium channel blockers. Sixteen of the patients reported taking a hypertension
medication but did not know the name of the medication. In addition, 20 of the patients
reported taking aspirin, 3 reported taking insulin, and all 43 diabetic patients were taking an
oral diabetes medication. No interventions were performed to change blood pressure or
blood glucose levels during the course of the study. One eye of each subject was randomly
chosen for inclusion. All subjects were Caucasian and Latino or Non-Latino, and subject
demographic data is shown in Table 1.

Blood pressure (LAS on Automatic cuff, Omron Model HEM-773, Bannockburn, IL),
retinal thickness (Stratus OCT3, Carl Zeiss Meditec, Dublin, CA), and fundus photography
covering the central 50 degrees (Carl Zeiss Meditec, Dublin, CA) were measured on all
subjects. HbA1c (FlexSite Diagnostics, Palm City, FL) was also measured on subjects with
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diabetes. All subjects provided written informed consent and procedures adhered to the
tenets of the Declaration of Helsinki and the UC Committee for the Protection of Human
Subjects.

All subjects had a best-corrected visual acuity of 20/25 or better and a spherical equivalent
refractive error between −6D and +4D. The pupils were dilated with 1% tropicamide and
2.5% phenylephrine to at least 7mm to insure high quality OCT and fundus photograph
clarity. Fundus photographs were graded for level of retinopathy by a retinal specialist, and
subjects with patches of edema in the central 50 degrees were not included in the study.

OCT
Two different OCT scanning procedures were used. First a standard fast macular scan was
done which takes six 6mm scans of the central macula at one time. Second, a 12 radial scan
protocol was employed to give better resolution. The 12 radial scans were taken sequentially
with each scan comprised of 512 axial samples. This 12 scan technique has been fully
described by Neuville et al.15 in our laboratory and the same protocol and retinal groupings
were used in this study. The retinal thickness was taken from the vitreo-retinal surface to the
RPE/outer segment interface. The two scan modalities gave the same average retinal
thickness. Scans with a signal strength under 7 were not used. The 12 scan protocol was
used to provide greater resolution of the thickness of 37 separate retinal regions, as there are
more data points captured with the 12 scan protocol. The 12 scans were interpolated to
identify the thickness in 37 different macular locations which were averaged together. The
number of A-scans within each hexagon ranged from 63 at a peripheral location to 707 at
the center hexagon.

Blood Vessel Analysis
Fundus photographs of the optic discs of all subjects were used for the analysis of retinal
blood vessels using the IVAN software (University of Wisconsin, Madison, WI). The
software measures and summarizes the caliber of retinal venules and arterioles within a 0.5
to 1 disk diameter ring around the outside of the optic nerve. A centered photo of the optic
nerve taken on the same camera by a qualified photographer was used for this analysis. We
followed the standard protocol previously described in detail.16–18

Data Analysis
Univariate and multivariate linear regression were used to determine the significance of the
associations. The means of the subject groups were compared using Student t-tests. The
significance levels of linear regressions performed for multiple groups were corrected for
multiple comparisons with a Bonferroni correction. The resulting significant P-value is
stated in each section as needed.

RESULTS
Comparisons of Subject Groups

The subject groups were selected to be very similar with respect to average blood pressure
(p =0.46) and average HbA1c (p= 0.69). They also had similar durations of diabetes (p =
0.09), but the duration of hypertension was unknown for these subjects. Perhaps
surprisingly, the mean retinal thicknesses (p = 0.66) of the three groups were also not
significantly different (Table 1). The HbA1c of the groups with diabetes were elevated and
none of the patients fell within the normal range (patient range of 6.7–13.1%), indicating
generally poor blood glucose control for these subjects. Blood pressures, on the other hand,
were fairly well controlled in the majority of individuals in our diabetes population, and fell
within the normal range for most subjects. Only 4 patients (3 with NPDR and 1 without) had
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a high diastolic blood pressure (DBP) above 90mm Hg and 12 subjects (7 with NPDR and 5
without) had an elevated systolic blood pressure (SBP), above 130 mmHg.

Blood Pressure and Retinal Thickness
A positive correlation was found between mean retinal thickness and diastolic blood
pressure in the NPDR group (r2= 0.27, p < 0.02; Figure 1). Systolic blood pressure displayed
a similar trend (r2=0.18, p < 0.06) (data not shown). Over a diastolic blood pressure range of
50 − 90 mm Hg the macular thickness increased on average by 15 %. There was no
correlation between blood pressure and retinal thickness in the control group (r2= 0.048,
p=0.26 systolic; r2 =0.002, p=0.78 diastolic) or the patients without NPDR (r2 = 0.011,
p=0.42 systolic; r2=0.0016, p=0.83 diastolic).

Multivariate Regression of Blood Pressure, HbA1c, and Retinal Thickness
A positive correlation was found between increased diastolic blood pressure (DBP) and
increased HbA1c in the patients with retinopathy (p<0.02). However, there was no
relationship between HbA1c and DBP in the patients without retinopathy (p = 0.33) and
there was no relationship between HbA1c and retinal thickness for either group (p=0.35; p =
0.25). HbA1c data was not gathered for the control group. To establish the most accurate
relationship between the three factors and determine if HbA1c modifies the relationship
between DBP and retinal thickness, a multivariate regression of diastolic blood pressure,
HbA1c, and retinal thickness was performed for the patients with retinopathy.

The multivariate regression confirmed that there is no direct relationship between HbA1c
and retinal thickness. However, HbA1c does act as a modifier of the relationship between
retinal thickness and DBP, changing the linear slope (Table 2). Therefore, it should also be
taken into account when considering retinal thickness measures in this population. Since this
is a cross-sectional study, no conclusions can be drawn about causal relationships between
the factors, but it is clear given the model that there is a complex relationship between
HbA1c and DBP in patients with retinopathy, and that DBP is associated with retinal
thickness in these patients.

Vessel Caliber Analysis
As vessels are included in the retinal thickness measures, and known to be altered in
diabetes, the caliber of the retinal blood vessels was also examined for all subjects in this
study. First, the vessel calibers were compared between the three groups. Second,
associations between vessel calibers and blood pressure were assessed.

Comparison of Vessel Calibers Between Subject Groups
The subjects with retinopathy had significantly larger venules than controls (p < 0.03). There
were no differences between the three groups with respect to arteriole size (p=0.22). Since
the arteriole size was relatively unchanged and the venules became larger in diabetic
retinopathy, the arteriole to venule ratio (AVR) was also smaller in the subjects with NPDR
than the other groups (p < 0.03) (Table 3).

Associations between Retinal Thickness, Blood Pressure and Vessel Caliber
None of the subject groups demonstrated correlations between retinal thickness and any of
the vessel measures. There were also no associations or trends between systolic or diastolic
blood pressure and any vessel caliber measures for the subjects with diabetes, either with or
without NPDR (p = 0.87). As expected, a negative correlation was found between arteriole
caliber and systolic blood pressure in the control group, with a similar trend for diastolic
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blood pressure (r2 =0.33, p < 0.03 systolic; r2= 0.29, p < 0.049 diastolic; where p <0.03 is
significant, data not shown).

DISCUSSION
In this study, the association between blood pressure, vessel caliber, and retinal thickness
was examined in patients with type 2 diabetes and controlled hypertension, with or without
retinopathy, and with poor blood glucose control. We found that within this selected group,
diastolic blood pressure is positively and linearly associated with retinal thickness in
subjects with mild to moderate NPDR but no edema, even within the normal blood pressure
range. The slope of this linear relationship is modified by long-term blood glucose control.
For the highest blood pressures in these subjects, the level of retinal thickening is consistent
with sub-clinical edema. This suggests that blood pressure and blood glucose together could
play an important role in the development of edema in these NPDR subjects. This
correlation was not found in patients without retinopathy, who were also hypertensive and in
poor diabetic health with long durations of diabetes and high HbA1c measures. This
indicates that the presence of retinopathy is an important risk factor for increased retinal
thickness in diabetics with poor health. This is in agreement with other studies that have also
found a combination of these factors to be associated with diabetic edema and retinopathy
progression. 14, 19–21

We included a group of patients with fairly well controlled blood pressure but poor control
of their diabetes. No interventions for blood pressure or blood glucose control were
performed in this study and none of the diabetic patients in either the no retinopathy or the
NPDR group had a HbA1c in the normal range. This is a unique group of subjects who are
likely at a higher risk of damage to their retina, and retinal edema than a group of well
controlled diabetics.22 This difference could account for some of the differences in the data
here and other OCT and vessel caliber studies in diabetes with wider ranges of blood
glucose control. Those studies found OCT readings that are thinner in the central fovea and
wider arterioles in moderate to severe retinopathy.23, 24 Patients with well-controlled
diabetes were not examined here and it is not clear whether results from this study could
translate to diabetics with retinopathy in better health with lower HbA1c measures. It would
be interesting to examine groups of well-controlled diabetics, with and without retinopathy,
to learn more about the role blood glucose control over time plays in these measures and
associations as a logical follow up to this work. A recent study by Moon et al.25 found a
change in HbA1c in diabetic patients was related to a change in macular thickness, but blood
pressure was not included in that comparison. It would also be useful to gather information
about the duration that the patients have had hypertension to see if that plays a role, which
was not done here. Previous studies have shown a relationship between higher blood
pressure and higher HbA1c (poorer diabetic health),26, 27 as well as a relationship between
these factors and the presence of both retinopathy and macular edema.28–30 However, to our
knowledge, there is only one other study that examined the relationship between blood
pressure and retinal thickness measured by OCT in subjects with diabetes. Asefzadeh et al.31

found no correlation between the measures in patients with either mild NPDR or no
retinopathy. We also found no correlation in subjects without retinopathy. However, a
moderate NPDR group was not evaluated by Asefzadeh et al., and most of our retinopathy
group had moderate NPDR, with only 15% of the subjects here having mild central NPDR.

As with other studies which noted increased venular caliber in diabetes,32–33 we noted that
the venule size is greater in subjects with diabetic retinopathy. Some studies have also noted
an increase in arteriole size in diabetes,24,34 but we did not. This may be because, by
dividing the subjects into groups by retinopathy status, we did not have a large enough
sample in each group to have adequate statistical power for this measure. Moreover, we
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noted that in patients with diabetes, both with and without retinopathy, there was no
relationship between increased blood pressure and decreased arteriole diameter as there was
for control patients. This indicates that alterations to blood vessel regulation in diabetic
patients happen before clinical signs of retinopathy develop, when there is poor blood
glucose control. This is in agreement with many studies that have also found a decrease in
auto-regulation in the diabetic retina.35–37 It is important to note that while the blood vessel
measures were obtained from the larger vessels around the optic disc, and the retinal
thickness measures encompass areas of the macula with small capillaries, we have no reason
to believe that an effect which is absent in the larger blood vessels would be selectively
present in the smaller vessels with less and weaker muscles.

The relationship between blood pressure and retinal thickness we observed is consistent with
the breakdown of the blood-retinal barrier in diabetic retinopathy causing leakage of fluid
into the retinal layers. This leakage is exacerbated by increased blood pressure. While no
fluid is clearly visible on the fundus photograph or in the OCT, a sub-clinical diffuse
edematous event could be present. This is also consistent with the correlation between blood
pressure and retinal thickness being weakest in the central fovea and strongest in the areas
with greater numbers of intraretinal vessels.

If the results seen in our study are a manifestation of a sub-clinical edema caused by pushing
of fluid out of the retinal vessels by a higher blood pressure, then proper control of blood
pressure early in the diabetes process could be essential to reducing the risk of sight
threatening clinically significant macular edema. Future studies are needed using higher
definition OCT and examining both blood pressure interventions and changes in retinal
thickness with changes in blood pressure. These follow up studies should also consider a
larger sample size of patients with varying levels of blood glucose control and retinopathy.

In conclusion, the blood vessels within the eye are altered early in diabetes patients with
high HbA1c values. Even in patients with no retinopathy, the correlation between arteriole
size and blood pressure (present in controls) is absent. Furthermore, higher blood pressures
are associated with greater retinal thickness in subjects with moderate or mild non-
proliferative diabetic retinopathy. This occurs even when blood pressures are largely within
the normal range, and the slope of the relationship is modified by the HbA1c. This indicates
that blood pressure plays an important role in the mechanisms leading to increased retinal
thickness and possibly retinal edema in patients with diabetes and poor control of their blood
glucose.
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Figure 1.
The relationship between diastolic blood pressure and retinal thickness in patients with
controlled hypertension and nonproliferative diabetic retinopathy.
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Table 1

Characteristics of Subject Groups.

Group Non-Diabetic
Controls

No Retinopathy Moderate or Mild
Non-proliferative Retinopathy

Number of subjects 22 23 20

Age (Years) 51.0 ±9.2 52.5 ± 9.5 58.2 ± 6.9

Gender 11M:11F 12M:11F 14M:6F

Blood Pressure (mm Hg) 117.3/73.8 ± (16.2/8.0) 121.2/75.4 ± (13.8/8.0) 125.2/75.1 ± (15.7/11.0)

Retinal thickness (microns) 245.2 ± 13.6 247.3 ± 12.2 244.9 ± 21.0

Duration of Diabetes (years) N/A 8.2 ± 2.5 10.7 ± 5.9

HbA1c (%) N/A 8.8 ± 1.6 9.0 ± 1.8

Values are means ± SD.
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Table 2

Coefficients and P values of univariate and multivariate regression.

Regression Coefficient P-value

RT vs DBP 1.00 0.02

DBP vs HbA1c 4.11 0.001

RT vs HbA1c 3.15 0.253

RT vs DBP 1.18 0.04

     And HbA1c 1.72 0.601

The table highlights that the coefficient for the relationship of retinal thickness (RT) and diastolic blood pressure (DBP) changes by almost 20%
with the addition of HbA1c (bolded). This indicates that HbA1c is a confounder, modifying the relationship. The final model is the last one
presented in italics.
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Table 3

Vessel Caliber size measurements.

Group Non-Diabetic Controls No Retinopathy Moderate or Mild
Non-proliferative Retinopathy

Arteriole Size (microns) 185.1 ± 14.4 185.0 ± 21.8 179.3 ± 22.8

Venule Size (microns) 223.1 ± 27.2 *. 226.7 ± 31.8 243.4 ± 31.2 *

AVR 0.831 ± 0.091 0.823 ± 0.090 .768 ± 0.090 †

Values are mean ± SD. Bolded values are significantly different.

*
Venules were larger in patients with retinopathy compared to controls. (p< 0.03)

†
Patients with retinopathy have significantly smaller AVR than the other two groups. (p<0.03)
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