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Introduction

Diabetes mellitus (DM) is a common systemic metabolic dis-
order; a significant proportion of the population across the 
globe suffers from long-term damage associated with DM, 
such as diabetic retinopathy (DR) (1, 2). It has been reported 
that 83% of patients with type 1 DM develop some stage 
of DR within 10 years of DM onset (3). The period before 

DR develops in patients varies; however, it has been found 
that retinal and vascular changes can occur even if no clini-
cally significant DR is present (4, 5). Vascular changes have 
an impact on ocular hemodynamics, and previous studies 
have documented how DM influences ocular hemodynamics 
(6–8). In the current body of literature, several studies have 
reported similar results for ocular hemodynamic changes, 
such as lower blood velocity and higher peripheric vascular 
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resistance, in patients with DR (9, 10), however, conflicting 
results have been described with regard to ocular hemody-
namic changes before the development of clinically signifi-
cant DR (8, 11).

DR is a consequence of microvascular disorder and al-
tered insulin metabolism; it causes significant histopatho-
logical changes in the ocular vascular structure, such as en-
dothelial changes, loss of pericytes, a narrowed vessel lumen, 
and a thickened basement membrane (12, 13). Therefore, it 
is not clear when the vascular structure and related ocular 
hemodynamic parameters begin to change. The objective of 
the present study was to investigate initial changes in ocular 
hemodynamics in pediatric patients with recently diagnosed 
type 1 DM without DR.

Methods

This prospective, cross-sectional, observational study was 
conducted at a tertiary referral hospital in accordance with 
the ethical standards of the Declaration of Helsinki. The 
study protocol was approved by the Ankara Kecioren Train-
ing and Research Hospital Clinical Research Ethics Com-
mittee in Ankara, Turkey (2012-KAEK-15/1664). All of the 
participants and their parents provided written, informed 
consent prior to undergoing any examination. 

Patients aged between 5 and 21 years were included in 
the study, which was conducted between January 2018 and 
May 2018. Patients with retinal diseases, a history of reti-
nopathy of prematurity, myopia or hyperopia greater than 3 
diopters, uveitis, glaucoma, congenital cataract, or a history 
of ocular trauma were excluded. Patients using a vasodila-
tor, vasoconstrictor, or inotropic drugs, and those with car-
diovascular diseases, chromosomal anomalies, a history of 
vaso-occlusive diseases, or a history of metabolic diseases 
other than type 1 DM were also excluded. Patients with type 
1 DM without DR were consecutively recruited and assigned 
to the DM group. Age-matched healthy participants without 
any ocular or systemic disease were consecutively recruited 
and assigned to the control group.

The type 1 DM diagnosis was confirmed by the endocri-
nology department of the hospital. Ophthalmological exam-
inations were performed, including a best-corrected visual 
acuity test with a Snellen chart, non-contact tonometry, and 
a slit-lamp examination. One clinician (S.O.) performed the 
fundus examination of all of the patients. Fundus fluorescein 
angiography and optical coherence tomography were per-
formed, if needed.

Doppler ultrasonography of the ophthalmic artery (OA) 
was performed using the Aplio 500 system (Canon Medi-
cal Systems Co, Ltd, Otawara, Japan) with a 10 MHz linear 
transducer by a single radiologist (B.E.D.) to standardize the 
measurements. Doppler examination of the orbit was per-

formed through the closed eyelid with the patient in the 
supine position. Care was taken to apply as little pressure as 
possible to the globe to avoid incorrect vascular recordings. 
The main arterial supply to the orbit is through the OA, 
which could be seen easily with color Doppler ultrasound 
by scanning medial to the optic nerve just 1.5 cm posterior 
to the globe. The main outcomes were peak systolic velocity 
(PSV), end diastolic velocity (EDV), pulsatility index (PI), and 
resistivity index (RI) measurements. RI is an indicator of pe-
ripheral arterial resistance; it is calculated using the formula 
(PSV-EDV)/PSV. PI refers to the vascular impedance distal to 
the measurement site; it is calculated as (PSV-EDV)/mean ve-
locity. The flow parameters of the OA were measured bilat-
erally 3 times and the mean was used as the outcome value. 

Statistical analyses were performed with IBM SPSS Sta-
tistics for Windows, Version 22.0 (IBM Corp., Armonk, NY, 
USA). The assumption of normal distribution of data was 
assessed with the Kolmogorov-Smirnov test. Differences in 
descriptive data between groups were tested using a chi-
square test. Differences in the outcomes between groups 
were tested with an independent samples t-test. The rela-
tionship between the outcomes was evaluated using Pear-
son’s correlation. Receiver operating characteristic (ROC) 
curve analysis was performed, and the point that maximized 
Youden’s index on the ROC curve was selected as the cut-
off value. A level of p<0.05 was considered statistically sig-
nificant for all tests.

Results

Thirty-two (50.8%) healthy subjects [13 (40.6%) males, 19 
(59.4%) females] were included in the control group and 
31 (49.2%) patients [18 (58.1%) males, 13 (41.9%) females] 
with type 1 DM were included in the DM group. Of the 
31 patients in the DM group, 24 (77.4%) were metaboli-
cally well-controlled and 7 (22.6%) were not metabolical-
ly well-controlled. The mean age was 11.7±2.5 years in the 
DM group and 12.8±2.8 years in the control group. Gender 
and mean age did not differ significantly between groups 
(p=0.166, p=0.097, respectively). In the DM group, the mean 
age at onset of type 1 DM was 10.7±2.0 years, and the mean 
duration of type 1 DM was 11.4±11.0 months. 

Table 1 shows the mean Doppler sonography outcomes 
and a comparison of outcomes between the 2 groups. The 
mean PSV and EDV results in the right eye were significantly 
higher in the control group (43.9±11.9 cm/seconds, 11.1±3.6 
cm/seconds, respectively) than in the DM group (37.6±9.2 
cm/seconds, 8.6±2.5 cm/seconds, respectively), while the 
mean PI and RI outcomes in the right eye were significantly 
higher in the DM group (1.82±0.40, 0.77±0.08, respectively) 
than in the control group (1.62±0.22, 0.74±0.03, respective-
ly). The mean PSV and EDV outcomes in the left eye were sig-
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nificantly higher in the control group (43.3±14.2 cm/seconds, 
10.7±4.2 cm/seconds, respectively) than in the DM group 
(37.0±8.7 cm/seconds, 8.5±2.7 cm/seconds, respectively), 
while the mean PI and RI outcomes in the left eye were sig-
nificantly higher in the DM group (1.80±0.38, 0.77±0.04, re-
spectively) than in the control group (1.62±0.24, 0.74±0.04, 
respectively). The mean outcomes of ocular hemodynamics 
did not differ significantly between the right eye and the left 
eye in either group. According to the ROC analysis, a mean 
RI of ≥0.75 indicated vascular hemodynamic changes associ-
ated with type 1 DM with a sensitivity of 72% and a specific-
ity of 65% (area under the curve=0.702; p=0.007). A mean 
PI of ≥1.69 predicted vascular hemodynamic changes associ-
ated with type 1 DM with a sensitivity of 79% and specificity 
of 71% (area under the curve=0.742; p=0.001).

In the DM group, the mean glycated hemoglobin (HbA1c) 
level was 6.8±2.3% at the time of DM diagnosis and 5.9±1.1% 
at the time of examination with Doppler sonography. No 
correlation was found between the HbA1c level and ocular 
hemodynamic outcomes (p>0.05 for each). The mean ocular 
hemodynamic outcomes were similar between patients with 
metabolically well-controlled DM and patients with metabol-
ically uncontrolled DM. No correlation was found between 
the ocular hemodynamic outcomes and the duration and age 
of onset for type 1 DM (p>0.05 for each).

Discussion

Our study revealed decreased blood velocity and increased 
PI in the OA of patients who had recently been diagnosed 
with type 1 DM. The combination of decreased blood veloc-
ity and increased PI indicates increased vascular resistance. 
Similarly, Kawagishi et al. (9) reported that the PSV and EDV 
values were significantly lower and the RI was significantly 
higher in the central retinal artery of type 1 DM patients 
without retinopathy in comparison with healthy control 
subjects. Arai et al. (10) found that the RI of central retinal 
artery was significantly higher in DM patients without DR. 
Gil et al. (14) observed that there was an increase in OA re-
sistance as the duration of DM increased. However, Ovali et 
al. (8) and Lockhart et al. (11) reported no change in the RI 
of the OA in patients with type 1 DM without DR. Many fac-
tors, such as age, race, duration of DM, glycemic control, site 
of measurement, and measurement technique, may affect 
ocular hemodynamics and lead to conflicting results (14–16). 
Although there is no consensus on changes in ocular hemo-
dynamics before the development of DR, clear evidence has 
demonstrated that both micro- and macrovascular changes 
occur even if there is no clinical sign of DR (17).

Our study showed that the RI was elevated in patients 
with type 1 DM. Increased vascular resistance is a conse-
quence of changes in vascular structure. Thickening of the Ta
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basement membrane, protein composition changes, and hy-
aline deposition are initial changes seen in the capillaries at 
the early stages of DM (12). Consistent with our findings, 
Romney et al. (4) noted that vascular compliance was re-
duced in both large and small arteries in type 1 DM before 
clinically apparent microvascular complications. Järvisalo et 
al. (17) and Pena et al. (18) found that the intima-to-media 
ratio thickness of the carotid artery was significantly higher 
in type 1 DM patients in comparison with healthy individ-
uals. It is not clear whether microvascular changes trigger 
macrovascular changes, or if they progress simultaneously; 
however, it has been clearly established that the presence of 
DR predicts and increases the risk of macrovascular compli-
cations (19–21). Our study demonstrated altered hemody-
namic changes in the OA in the absence of clinically signifi-
cant microvascular changes, including DR and nephropathy. 
Changes in the hemodynamic parameters of the OA could 
potentially be used to detect initial macrovascular changes in 
patients with type 1 DM. Supporting our suggestion, Ino-ue 
et al. (22) showed that increased PI could be used to predict 
macrovascular changes. Our study revealed that a mean RI 
of ≥0.75 and a mean PI of ≥1.69 predicted vascular hemody-
namic changes associated with type 1 DM with a sensitivity 
of 72% and 79% and a specificity of 65% and 71%, respective-
ly. Arai et al. (10) suggested that an RI of ≥0.80 in the central 
retinal artery could distinguish patients with any stage of DR 
from healthy subjects with a sensitivity of 66% and a specific-
ity of 88%. Unlike some previous research, the present study 
highlighted the potential of Doppler sonography to predict 
vascular chances in the peripheral ocular vascular bed. 

Previous epidemiological evidence has shown that proper 
glycemic control and lower HbA1C levels have a significant 
association with DR progression (23, 24). It has been sug-
gested that intensive glycemic control be initiated as soon as 
possible after the onset of type 1 DM and that doing so is 
the best way to prevent DM complications (23, 25). Kawagu-
chi et al. (26) observed that higher plasma levels of glucose 
were associated with a higher RI in patients with type 1 DM 
and they suggested that intensive glycemic control decreased 
the RI. Although our patients received intensive treatment 
with the onset of type 1 DM and HbA1C levels decreased, 
changes in the ocular hemodynamic parameters occurred as 
early as at a mean of 11 months of DM duration. Vascu-
lar changes in DM have been attributed to several factors, 
including vascular endothelial growth factor (VEGF), insu-
lin-like growth factor 1 (IGF-1), glycated proteins, free-rad-
icals, and oxidized low density lipoprotein (LDL) (4, 5, 18). 
The serum level of IGF-1 has been found to begin to increase 
in the prepubertal period (27). IGF-1 stimulates vascular 
smooth muscle proliferation; moreover, physiological eleva-
tions of the IGF-1 level in puberty may trigger development 

of DR (28). The VEGF level was also found to be elevated in 
patients with DM with no microvascular changes in compari-
son with healthy subjects (5). High levels of IGF-1 and VEGF 
may cause initial changes in the vascular structure prior to 
clinically significant complications. Furthermore, it has been 
speculated that insulin increases smooth muscle cell prolifer-
ation and the mass of extracellular matrix proteins, causing 
reduced vessel compliance (4, 28). Rodriguez-Fontal et al. 
(29) and Chantelau E. (30) reported that intensive glycemic 
control or acute reduction of hyperglycemia increased the 
risk of paradoxical worsening and the progression of DR in 
type 1 DM. Although there was no clinical sign of DR in the 
DM group, changes in the ocular hemodynamic parameters 
might be caused by tight glycemic control. However, histo-
logical and pathophysiological investigations are needed to 
provide evidence to support this suggestion. 

There are several limitations to our study. HbA1C lev-
els of all of the patients decreased after receiving intensive 
treatment; however, 7 patients had not yet reached the 
intended HbA1C level due to a short DM duration. Data 
obtained from those patients with metabolically uncon-
trolled DM may have caused bias and distorted our study 
results. DR was excluded based on a fundus examination 
without routinely using more objective methods, such as 
optical coherence tomography angiography, which could 
show microvascular changes before clinical presentation. In 
future studies, the exclusion of microvascular changes with 
optical coherence tomography angiography will improve the 
strength of the results.

Our results revealed that disturbances in ocular hemo-
dynamics might be present as early as the first year after 
diagnosis of type 1 DM. Changes in ocular hemodynamic pa-
rameters could potentially be used to predict or screen for 
development of vascular changes; however, further longitu-
dinal studies with more patients are needed to prove if this 
approach would be effective. 
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