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Correlation of poor oral hygiene with diabetic retinopathy and its
relation with altered ocular blood flow in middle aged type 2 diabetes
patients residing in sub Himalayan West Bengal
Udit R Sharma1, Pradip K Roy2, Arun K Sharma3, Sankar P Kabiraj4, Sambuddha Ghosh4

Abstract
Aim: To assess correlation of poor oral hygiene with diabetic retinopathy and its relation with altered ocular blood flow. Method:
Observational cross sectional institution based study with 46 cases of diabetic retinopathy and 46 diabetes patients with no retinopathy
as controls. Colour Doppler study of carotid artery, central retinal artery and ophthalmic artery; simplified oral hygiene index scoring was
done. Main outcome measure was correlation of simplified oral hygiene index with resistivity index and pulsatality index of ophthalmic
and central retinal artery. Results: Simplified oral hygiene index was significantly higher among the cases (p < 0.001). Those with
simplified oral hygiene index value > 2.9 were 5 times more likely to develop retinopathy (OR 5.34, 95% CI: 2.1 – 13.5). There was
no significant difference in OHI-S (p=0.761) between those with HbA1C d” 6.5 and >6.5, among the cases. Severity of retinopathy
had a significant correlation with simplified oral hygiene index (Spearman’s rho: 0.4, p < 0.001). No blood flow parameter showed
a significant correlation with simplified oral hygiene index. Conclusions: Poor oral hygiene demonstrates a very strong correlation of
with diabetic retinopathy although without any correlation with alteration in ocular blood flow.
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eriodontal disease is defined as an inflammation of
the soft tissues surrounding the teeth and destruction
of the supporting structures of the teeth1. Prevalence of
periodontal diseases is very high and can affect up to
90% of the population2. Diabetes and periodontal disease
have bidirectional relationship. On one hand, more than
two fold increase in prevalence of periodontitis has been
reported in type 2 diabetes compared to non-diabetics3,
the severity of periodontitis being related to the glycaemic
control4. On the other hand, periodontitis adversely affects
glycaemic control in diabetes5. Recently studies have
suggested association between diabetic retinopathy (DR)
and periodontal diseases, as well6,7,8.
Pathogenesis of DR is multifactorial and not yet fully
understood. Vascular changes and subsequent
disturbances of ocular circulation are critical events in
the pathogenesis of DR. The role of hemodynamic in DR
has not been clearly defined. Association of carotid
atherosclerosis has been described both with diabetes
and DR. The prevalence of carotid plaques was reported

to be 34.2% in controls compared to 72.9% in established
diabetic patients9. Severity of DR has also been associated
with carotid artery intima-media wall thickness (odds ratio
of 1.09 for each 0.1-mm thickness)10.
There are strong epidemiologic evidences for association
of periodontitis with increased risk for future cardiovascular disease11. Association of periodontal diseases
with atherosclerotic vascular disease exists independent
of confounders12. Periodontal disease is reported to be
associated with carotid atherosclerosis (Odds Ratio:
1.27)13. A significant association between periodontitis and
carotid calcification has been demonstrated14. Mean
carotid intima media thickness (CIMT) was found
significantly higher in subjects with chronic periodontitis15.
However there is no established causal relationship as
yet.
Colour Doppler imaging (CDI) is colour-encoded velocity
information which is one of the most widely used and
well established techniques for assessing ocular blood
flow velocities in the retro bulbar vessels 16 . Good
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reproducibility has been reported in the localization and
hemodynamic measurement within the central retinal
artery (CRA) and ophthalmic artery (OA)17 . There is
conflicting data regarding changes in blood flow velocity
and resistivity index (RI) in diabetics. Numerous clinical
studies have demonstrated increase in the resistivity
index in the retro bulbar vessels with progression of diabetic
retinopathy18,19.
Although there are reports to suggest association between
DR and periodontal diseases, a cause and effect
relationship could not be established. In carotid
atherosclerosis, there is theoretical possibility of resultant
altered hemodynamic in orbital blood flow and thereby in
ocular blood flow.
As DR10 and periodontitis12-15 both is associated with carotid
atherosclerosis, there is a theoretical possibility that
periodontal diseases may have relationship with DR
through alteration of ocular blood flow due to carotid
atherosclerosis. No study on orbital blood flow in DR has
taken oral hygiene into consideration so far.
Our aim was to find association of oral hygiene index
with diabetic retinopathy and its correlation with orbital
blood flow in diabetes patients.

Material and method:
Institutional ethics committee permitted the study. The
work described has been carried out in accordance
with the code of ethics of the world medical
association (Declaration of Helsinki) for experiments
involving humans and informed consent was obtained from
all participants.

injection/ significant trauma/non-diabetic vascular disease
in any eye were excluded. Pregnant and lactating women
were not included. Patients with diagnosed rheumatoid
arthritis/ vasculitis were excluded. Patients with history
of a major cardiovascular event were not included. All the
consecutive patients satisfying the criteria were included
till the sample size was reached.
Body mass index (BMI) and blood pressure were
measured. Best corrected visual acuity (BCVA) was
measured with Snellen’s chart and converted to LogMAR
value. Intraocular pressure (IOP) was measured by
Goldmann applanation tonometer. DR was diagnosed and
classified by one single ophthalmologist as per modified
Early Treatment Diabetic Retinopathy Study (ETDRS)
classification.
OHI-S (Oral Hygiene Index-Simplified)21 was used to
determine the status of oral hygiene. OHI-S refers to the
summation of debris index (DI-S) and calculus index (CIS). OHI –S was assessed by a single experienced dentist
of our institute who was masked to the diagnosis of
retinopathy.
Fasting blood sugar (FBS)and post-prandial blood
sugar(PPBS), HbA1C,serum lipid profile, albumin,
globulin, urea, and creatinine were measured (Transasia
XL- 600 Auto-analyser) in the department of Biochemistry
of our institute within one week of inclusion in the study.

Already diagnosed Type 2 diabetes patients between 4564 years of age attending retina clinic of a tertiary care
teaching institute in Eastern India were recruited in this
cross sectional study between July 2014 and Dec 2016.
Patients who had any retinopathy in both the eyes were
included as cases (Group 1). Patients who had no
retinopathy in either eye were included as control
(Group2). Using the value of peak systolic velocity (PSV)
in the ophthalmic artery(9.0 ± 3.1 cm/second) in a previous
study 20 , the sample size was calculated with 95%
confidence level and 90% power as 46 patients in each
group.

Blood flow velocities were measured, within one week of
inclusion in the study excluding the day of dilated
examination, by orbital CDI (PHILIPS-HD-7 with 10MHz
transducer) in the department of Radio-diagnosis of our
institute by two experienced radiologists masked to the
diagnosis of retinopathy. Peak systolic velocity (PSV)
and end diastolic velocity (EDV) were measured, in the
central retinal artery (CRA), ophthalmic artery (OA),
central retinal vein (CRV), common carotid artery(CCA)
and internal carotid artery(ICA).Using the values of PSV
and EDV, the following parameters were calculated for
each vessel : resistivity index(RI) = (PSV-EDV)/PSV;
pulsatility index(PI) = (PSV-EDV)/V mean (where V mean
= 1/3 (PSV-EDV) + EDV). We measured these indices
as they are independent of the Doppler angle, because
any change in angle has a concomitant effect on both
PSV and EDV22.

Patients with active ocular inflammation, glaucoma,
significant media opacity, history of ocular surgery within
last 6 months/ laser photocoagulation/ intravitreal

Primary outcome measure was correlation of OHI-S with
RI and PI of ophthalmic artery and central retinal artery in
study population. Secondary outcome measure was
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correlation of OHI-S with duration of diabetes, BMI and
biochemical parameters tested.

likely to develop retinopathy (OR 5.34, 95% CI: 2.1 –
13.5).

All mean values were compared using independent t-test
and ANOVA. Analysis was done using SPSS V20 and
graphs were prepared with Stata v 8.0.

The OHI-S was compared between those with HbA1C d”
6.5 and those with HbA1C >6.5 among the cases (patients
with DR). The mean OHI-S levels were 4.1 ±0.29 and
3.99 ±0.25 respectively. The difference was not statistically
significant (p=0.761).

Result:
In this study, 46 cases of diabetic retinopathy were
compared with 46 controls, who had no diabetic
retinopathy (no DR). Out of 46 cases, 3 had proliferative
diabetic retinopathy (PDR). For purpose of analysis, PDR
was clubbed with severe NPDR. Among the cases, 33%
had mild and 45% had moderate NPDR.
Mean age among cases and control was 52.9 ± 6.4 years
and 53.6 ± 6.0 years respectively (p=0.34). Among cases
there were 23 (50%) male and 23 female. Among controls
there were 29 (63.0%) male and 17 (37.0%) female. There
was no significant difference in gender distribution among
two groups (p=0.29). Various possible risk factors of
retinopathy were assessed among cases and controls
(Table-1).
As OHI-S was found to be not normally distributed, all
statistical analysis involving OHI-S was carried out using
non parametric tests. OHI-S was significantly higher
among the cases (p < 0.001; Mann Whitney U test).
Logistic regression analysis suggested that respondents
who had OHI-S value greater than 2.9 were 5 times more

PI and RI among cases and controls are shown in
Table-2. PI of CCA and ICA of left side and RI in the left
ICA were significantly higher among cases. As orbital
colour Doppler ultrasonography was performed by two
masked observers; inter observer variation was tested in
initial nine cases. Good inter-observer agreement (mean
kappa coefficient =0.64) was noted.
A hypothesis was tested whether the association between
OHI-S and retinopathy was mediated through ocular blood
flow. If it was so, then increasing OHI-S score would be
associated with decreasing blood flow. However, no
significant correlation could be found between OHI-S and
RI and PI of CCA, CRA, ICA and OA. Spearman’s
correlation coefficient was calculated between OHI-S and
all parameters of blood flow, but none showed a significant
correlation. However, severity of retinopathy had a
significant correlation with OHI-S (Spearman’s rho: 0.4,
p < 0.000). Similarly, no significant correlation between
OHI-S and age, duration of diabetes, systolic blood
pressure, diastolic blood pressure, total cholesterol, HDL,

Table-1: Distribution of risk factors for diabetic retinopathy
Risk factors

Cases
Mean ±S.E.

Control
Mean ±S.E.

P value

Duration of diabetes (years)

6.92 ± 0.63

5.82 ± 0.77

0.275

Duration of hypertension (years)

3.32 ± 0.87

2.82 ± 0.46

0.648

BMI

23.54 ± 0.27

23.50 ± 0.28

0.912

OHI-S

4.0 ± 0.19

2.90 ± 0.20

0.001*

HbA1C

8.25 ± 0.25

7.28 ± 0.29

0.013*

HDL

42.15 ± 1.3

41.75 ± 1.23

0.828

LDL

105.64 ± 5.97

101.29 ± 4.00

0.547

29.18 ± 1.70

33.7 ± 1.60

0.026*

176.51 ± 6.33

176.98 ± 4.92

0.954

7.30 ± 0.09

7.46 ±0.07

0.170

VLDL
Total cholesterol
Total protein

*
Significance at 0.05 level (Mann Whitney U test), BMI=body mass index, OHI-S= simplified oral hygiene index, HbA1C= glycosylated
hemoglobin, HDL=high density lipoprotein, LDL= low density lipoprotein, VLDL= very low density lipoprotein.
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Table-2: Pulsatility index and resistivity index among cases and controls
Parameters

Cases (N=46)
Mean (±SE)

Controls (N=46)
Mean (±SE)

P value

RI CCA Left
RI CCA Right

0.72 (0.01)
0.72 (0.01)

0.69 (0.01)
0.72 (0.01)

0.047*
0.676

PI CCA Left
PI CCA Right

1.43 (0.03)
1.46 (0.04)

1.31 (0.04)
1.42 (0.03)

0.034*
0.519

RI ICA Left
RI ICA Right

0.59 (0.01)
0.59 (0.01)

0.54 (0.01)
0.58 (0.01)

0.009*
0.740

PI ICA Left
PI ICA Right

1.03 (0.04)
1.02 (0.04)

0.87 (0.03)
1.00 (0.04)

0.005*
0.778

RI OA Left
RI OA Right

0.70 (0.01)
0.71 (0.01)

0.69 (0.01)
0.69 (0.01)

0.914
0.387

PI OA Left
PI OA Right

1.35 (0.04)
1.41 (0.05)

1.34 (0.03)
1.35 (0.04)

0.794
0.323

RI CRA Left
RI CRA Right

0.59 (0.01)
0.60 (0.02)

0.58 (0.01)
0.58 (0.02)

0.467
0.462

PI CRA Left
PI CRA Right

1.06 (0.06)
1.08 (0.06)

0.99 (0.05)
1.02 (0.06)

0.393
0.499

Significance at 0.05 level, RI=Resistivity index, PI=Pulsatilty index, CCA= Common carotid artery, ICA=Internal carotid artery,
OA= Ophthalmic artery, CRA= Central retinal artery
*

LDL, VLDL, TGL, albumin, globulin, urea and creatinine
was found.
Based on extent of diabetic retinopathy, patients were
classified as having no retinopathy (control group) and
for NPDR, were given a score of 1, 2, 3 for mild, moderate
and severe retinopathy respectively. Proliferative DR was
considered along with severe NPDR as explained earlier.
Table-3 shows relationship of parameters with severity of
retinopathy.
One way ANOVA was used to compare the mean values
of continuous variables with respect to severity of
retinopathy. Statistically significant differences were
observed with respect to OHI-S and systolic blood
pressure. The variables that showed statistically significant
differences among various categories of retinopathy were
RI and PI in left internal carotid artery. RI was significantly
different in left common carotid artery as well.
DR was proportionately distributed among patients with
raised and normal HbA1C levels. Systolic blood pressure
>140 mm of Hg was seen in 50% of NPDR and 33% of
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PDR patients and diastolic blood pressure >90 mm of
Hg was seen in more than 50% of NPDR patients, but
these differences between NPDR and PDR patients were
not significant. Severity of NPDR was more in left eye
compared to right, although the difference was not
significant.
Severity of NPDR increased with duration of DM but Chi
squared for trend analysis did not show any significant
association between duration of DM and retinopathy in
either eye. No correlation was observed between DR and
serum globulin level, albumin-globulin ratio and pulse
pressure.
As observed in Table-1, OHI-S showed significantly high
value among cases, it became pertinent to examine the
relationship of OHI-S with other predictors of retinopathy
to explore the causal pathway. Table-3 also reveals that
there is a linear trend in OHI-S score with respect to
severity of DR.
In figure1, PI has been compared for different arteries
between cases and controls. Using ordinal logistic
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Table 3: Blood flow indicators across categories of retinopathy
Measures of blood flow
No (control)
OHI-S

Retinopathy
Mild
Moderate

P value
Severe

2.90 ±0.20

3.98±0.39

4.00±0.28

4.17±0.39

0.002*

RI CCA Right
RI CCA Left

0.72±0.01
0.69±0.01

0.72±0.02
0.69±0.02

0.73±0.02
0.74±0.01

0.73±0.02
0.74±0.01

0.962
0.031*

PI CCA Right
PI CCA Left

1.42±0.03
1.31±0.04

1.43±0.08
1.32±0.07

1.48±0.07
1.50±0.04

1.45±0.06
1.40±0.07

0.884
0.041*

RI ICA Right
RI ICA Left

0.58±0.01
0.54±0.01

0.54±0.02
0.53±0.02

0.60±0.01
0.60±0.02

0.63±0.03
0.59±0.03

0.137
0.001*

PI ICA Right
PI ICA Left

1.00±0.04
0.87±0.03

0.88±0.06
0.85±0.06

1.0±0.05
1.12±0.06

1.14±0.10
1.03±0.09

0.143
0.001*

RI OA Right
RI OA Left

0.69±0.01
0.69±0.01

0.69±0.03
0.67±0.02

0.71±0.01
0.71±0.02

0.74±0.02
0.71±0.03

0.423
0.593

PI OA Right
PI OA Left

1.30±0.04
1.34±0.03

1.37±0.12
1.26±0.09

1.38±0.06
1.37±0.06

1.53±0.09
1.42±0.10

0.445
0.577

RI CRA Right
RI CRA Left

0.58±0.01
0.58±0.01

0.60±0.03
0.58±0.03

0.61±0.01
0.60±0.02

0.59±0.03
0.61±0.04

0.894
0.811

PI CRA Right
PI CRA Left

1.02±0.01
0.99±0.04

1.08±0.04
1.00±0.08

1.10±0.09
1.05±0.07

1.04±0.11
1.15±0.19

0.905
0.645

Significance at 0.05 level, RI=Resistivity index, PI=Pulsatilty index, CCA= Common carotid artery, ICA=Internal carotid artery,
OA= Ophthalmic artery, CRA= Central retinal artery.
*

regression between OHI-S and retinopathy, after removing
the control group, did not yield any significant relationship.

higher HbA1C in DR, as expected. Controls (NO DR) in
our study had fairly good glycaemic control.

For resistivity index, retinopathy severity was tested for
being a function of OHI-S. Absence of retinopathy had an
OR of 5.2 for low OHI-S category but it was not statistically
significant. For other grades of severity of retinopathy
also, no significant association was seen with higher OHIS levels. Distribution of RI across categories of retinopathy
is shown in figure 2.

We used simplified oral hygiene index (OHI-S) by Green
and Vermillion21 to objectively categorize the level of dental
plaque and calculus. OHI-S has been used extensively
in epidemiological studies as well as longitudinal studies
for the understanding of periodontal disease. The OHI-S
has got objective criteria, is easy and quick to perform
with high level of reproducibility and high inter-examiner
agreement and; hence, can be used with a minimum of
training sessions27. The other methods of assessment
like periodontal screening and recording (PSR) or
community periodontal index of treatment needs (CPITN)
could also be used. However we opted for OHI-S
considering its simplicity.

Discussion:
We included middle aged diabetes patients in this study
and thereby excluded elderly patientsbecause age is a
significant independent risk factor for carotid plaque23 as
well as periodontal diseases24. Global prevalence of type
2 DM is highest in the working age group25 and the majority
of type 2 DM in Indian population also is in the same age
group26.
The cases and controls were matched for age and gender
with no significant difference. We observed significantly

OHI-S was significantly higher among DR cases among
our study population. This suggests that poor oral hygiene
is associated with significantly higher risk of diabetic
retinopathy. There was significant difference in HbA1C
levels between cases and controls in our series, which
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may indicate that OHI-S in this study was related to
diabetes control and not to DR. However when we
compared OHI-S among the cases, there was no
significant difference between those with HbA1C d” 6.5
and those with HbA1C >6.5; suggesting no influence of
diabetes control on OHI-S in our series.
We also found diabetes patients with OHI-S value less
than 2.9 were 50% less likely to develop retinopathy. This
even emphasizes the possible protective role of oral
hygiene in DR. In our study, severity of retinopathy had a
significant correlation with OHI-S. These findings are
similar to observation made by few recent studies in this
field. The severity of periodontal disease was significantly
correlated with the severity of DR in a group in Iranian
diabetes patients of 30-65 years of age6. Significantly more
retinopathy was observed in a small subset of Indian
population with periodontal disease and diabetes
mellitus28. An association between periodontal disease
status and the occurrence of DR was reported in 100
type 2 diabetes patients29. On the other hand diabetic
microangiopathic change has been considered as a risk
factor for periodontitis30. In a multi-centre hospital-based
cross-sectional study with 620 type 2 diabetes patients
retinopathy was found to be a risk factor for severity of
periodontitis31.
We did not find any difference in the RI and PI of the
central retinal artery and ophthalmic artery between
cases (DR) and controls (no DR). This is in conformity
with findings of Goebel W et al 32 . However some
investigators have observed significant difference in the
RI of the central retinal artery20, RI of the ophthalmic
artery33, and PI of the ophthalmic artery34 in DR cases
compared to no DR. Interestingly we observed significantly
higher PI and RI in the CCA of the left eye among DR
patients. Severity of DR was also significantly correlated
with RI and PI of left CCA and left ICA. There are reports
of higher cross-sectional area of the left carotid artery
intima-media complex thickness (CIMT) compared with
the right between the ages of 35 and 65 years (p=0.010.05)35. We did not measure the CIMT. However the
difference in RI and PI can probably be explained by
possible difference in CIMT between two sides.
Analysis of English language primary research reports
published since 1960on effects of periodontal infection
on diabetes complications suggests periodontal infection
having an adverse effect on incidence of diabetes
complications36. The number of systemic micro vascular
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complications (including retinopathy) has been found to
increase with the severity of periodontitis31. We tested
hypothesis whether the association between poor oral
hygiene and retinopathy was mediated through ocular
blood flow. This study failed to demonstrate any significant
alteration in ocular blood flow with change in oral hygiene
status and thus failed to prove our proposed causal
relationship between poor oral hygiene and retinopathy.
Some researchers proposed that micro vascular
morphological retinal changes in diabetes are reflective
of systemic micro vascular changes which also include
periodontal tissue. Streptozotocin-induced diabetes in rats
has been found to cause morphological changes in
the periodontal tissues which may in turn predispose
to periodontal disease 37 . Primary diabetic microangiopathy has been proposed responsible for
development of diabetic parodontopathy38. Thus both
retinopathy and periodontal disease may be independent
end organ changes of diabetes.
Limitations of our study were failure to include smoking
history, tooth brushing report, CIMT value, CIPTN and
also the cross sectional nature of study. OHI-S was
assessed by a single observer. Two independent, masked
observers were preferable for this qualitative assessment.
Comparison of carotid plaques in DM patients with and
without retinopathy could not be done in this study. Ocular
blood flow was assessed by CDI and other methods like
laser Doppler velocimetry/flowmetry, blue field entoptic
technique were not employed.
This study clearly demonstrates a very strong correlation
of oral hygiene with diabetic retinopathy in middle aged
patients although without demonstrating any causal
relationship through altered blood flow. This emphasizes
the need of awareness regarding oral hygiene among
diabetes patients.

Reference:
1.

Kinane DF. Causation and pathogenesis of
periodontal disease. Periodontol 2000 2001;25:8–
20

2.

Pihlstrom BL, Michalowicz BS, Johnson NW.
Periodontal diseases. Lancet 2005;366:1809–20

3.

Nelson RG, Shlossman M, Budding LM, Pettitt
DJ, Saad MF, Genco RJ, et al. Periodontal disease
and NIDDM in Pima Indians. Diabetes
Care1990;13:836–40

4.

Tsai C, Hayes C, Taylor GW. Glycemic control of
type 2 diabetes and severe periodontal disease in

Current Indian Eye Research

Volume 6, Issue 2, December 2019

5.

6.

7.

8.

9.

Oral hygiene in DR

the US adult population. Community Dent Oral
Epidemiol 2002;30:182–92.
Chapple IL, Genco R; working group 2 of the joint
EFP/AAP workshop. Diabetes and periodontal
diseases: consensus report of the Joint EFP/AAP
Workshop on Periodontitis and Systemic Diseases.
J Periodontol 2013;84(4 Suppl):S106-12.
Amiri AA, Maboudi A, Bahar A, Farokhfar
A, Daneshvar F, Khoshgoeian HR, et al. Relationship
between Type 2 Diabetic Retinopathy and
Periodontal Disease in Iranian Adults. N Am J Med
Sci 2014;6:139-44.
Bajaj S, Prasad S, Gupta A, Singh VB. Oral
manifestations in type-2 diabetes and related
complications. Indian J Endocrinol Metab 2012;16:
777–9.
Banthia R, Raje S, Banthia P, Saral SK, Singh P,
Gupta S. Evaluation of the association between
periodontal disease and diabetic retinopathy. Gen
Dent 2014;62:e28-32.
Mostaza JM, Lahoz C, Salinero-Fort MA, de
Burgos-Lunar C, Laguna F, Estirado E, et al;
SPREDIA-2 Group. Carotid atherosclerosis severity
in relation to glycemic status: a cross-sectional
population study. Atherosclerosis 2015;242:377-82.

10. Klein R, Sharrett AR, Klein BE, Moss SE, Folsom
AR, Wong TY, et al; ARIC Group. The association
of atherosclerosis, vascular risk factors, and
retinopathy in adults with diabetes: the
atherosclerosis risk in communities study.
Ophthalmology 2002;109:1225-34.
11. Tonetti MS, Van Dyke TE; working group 1 of the
joint EFP/AAP workshop. Periodontitis and
atherosclerotic cardiovascular disease: consensus
report of the Joint EFP/AAP Workshop on
Periodontitis and Systemic Diseases. J Periodontol
2013;84:S24-9.
12. Lockhart PB, Bolger AF, Papapanou PN,
Osinbowale O, Trevisan M, Levison ME, et al.
Periodontal disease and atherosclerotic vascular
disease: does the evidence support an independent
association? : a scientific statement from the
American Heart Association. Circulation 2012;
125:2520-44.
13. Zeng XT, Leng WD, Lam YY, Yan BP, Wei XM, Weng
H, et al. Periodontal disease and carotid
atherosclerosis: A meta-analysis of 17,330
participants. Int J Cardiol 2016;203:1044-51.
14. Bengtsson VW, Persson GR, Berglund J, Renvert
S. A cross-sectional study of the associations
between periodontitis and carotid arterial
calcifications in an elderly population. Acta Odontol

Scand 2016;74:115-20.
15. Tapashetti RP, Guvva S, Patil SR, Sharma S,
Pushpalatha HM. C-reactive protein as predict of
increased carotid intima media thickness in patients
with chronic periodontitis. J Int Oral Health 2014; 6:
47-52.
16. Baxter GM, Williamson TH. Color Doppler imaging
of the eye: normal ranges, reproducibility, and
observer variation. J Ultrasound Med 1995; 14:91-6.
17. Quaranta L, Harris A, Donato F, Cassamali
M, Semeraro F, Nascimbeni G, et al. Color Doppler
imaging of ophthalmic artery blood flow velocity: a
study of repeatability and agreement. Ophthalmology
1997;104:653-8.
18. Dimitrova G, Kato S, Yamashita H, Tamaki
Y, Nagahara M, Fukushima H, et al. Relation
between retrobulbar circulation and progression of
diabetic retinopathy. Br J Ophthalmol 2003;87:6225.
19. Neudorfer M, Kessner R, Goldenberg D, Lavie A,
Kessler A. Retrobulbar blood flow changes in eyes
with diabetic retinopathy: a 10-year follow-up study.
Clin Ophthalmol 2014;8:2325-32.
20. Arai T, Numata K, Tanaka K, Kiba T, Kawasaki
S, Saito T, Satoh S, et al. Ocular arterial flow hemodynamics in patients with diabetes mellitus. J
Ultrasound Med 1998;17:675-81.
21. Greene JC, Vermillion JR. The simplified oral hygiene
index. J Am Dental Assoc 1964; 68:7-13.
22. Stalmans I, Vandewalle E, Anderson DR, et al. Use
of colour doppler imaging in ocular blood flow
research. Acta Ophthalmol 2011;89:e609-30.
23. Woo SY, Joh JH, Han SA, Park HC. Prevalence and
risk factors for atherosclerotic carotid stenosis and
plaque: A population-based screening study.
Medicine (Baltimore) 2017;96:e5999.
24. GBD 2013 Risk Factors Collaborators. Global,
regional, and national comparative risk assessment
of 79 behavioural, environmental and occupational,
and metabolic risks or clusters of risks in 188
countries, 1990–2013: a systematic analysis for the
Global Burden of Disease Study 2013. Lancet 2015;
386:2287–323.
25. Shaw JE, Sicree RA, Zimmet PZ. Global estimates
of the prevalence of diabetes for 2010 and
2030.Diabetes Res Clin Pract 2010;87:4-14.
26. Das S, Haroled Peter PL, Bhavani ML, Naresh P,
Ramana MV. Age- and sex-related prevalence and
drug utilization pattern in the management of Type 2
diabetes mellitus and its comorbidity with
cardiovascular diseases: a comparative study. Indian

Current Indian Eye Research

59

Volume 6, Issue 2, December 2019

Oral hygiene in DR

J Pharm Sci 2015;77:478-84.
27. Greene JC. The oral hygiene index: development and
uses. J Periodontol 1967;38:Suppl 625-37.
28. Bajaj S, Prasad S, Gupta A, Singh VB. Oral
manifestations in type-2 diabetes and related
complications. Indian J Endocrinol Metab2012;16:
777–9.
29. Banthia R, Raje S, Banthia P, Saral SK, Singh P,
Gupta S. Evaluation of the association between
periodontal disease and diabetic retinopathy. Gen
Dent 2014;62:e28-32.
30. Oliver RC, Tervonen T. Diabetes - a risk factor for
periodontitis in adults? J Periodontol 1994;65:5308.
31. Nitta H, Katagiri S, Nagasawa T, Izumi Y, Ishikawa
I, Izumiyama H, et al. The number of microvascular
complications is associated with an increased risk
for severity of periodontitis in type 2 diabetic patients:
Results of a multicenter hospital-based crosssectional study. J Diabetes Investig 2017; 8: 67786.
32. Goebel W, Lieb WE, Ho A, Sergott RC, Farhoumand
R, GrehnF. Color Doppler imaging: a new technique
to assess orbital blood flow in patients with diabetic

retinopathy. Invest Ophthalmol Vis Sci. 1995;36:86470.
33. MacKinnon JR, McKillop G, O’Brien C, Swa K, Butt
Z, Nelson P. Colour Doppler imaging of the ocular
circulation in diabetic retinopathy. Acta Ophthalmol
Scand 2000;78:386-9.
34. Karami M, Janghorbani M, Dehghani A, Khaksar K,
KavianiA. Orbital Doppler evaluation of blood flow
velocities in patients with diabetic retinopathy. Rev
Diabet Stud 2012 Summer-Fall;9:104-11
35. Luo X, Yang Y, Cao T, Li Z. Differences in left and
right carotid intima-media thickness and the
associated risk factors. Clin Radiol 2011;66:393-8.
36. Taylor GW, Borgnakke WS. Periodontal disease:
associations with diabetes, glycemic control and
complications. Oral Dis2008;14: 191–203.
37. Dað A, Fýrat ET, Uysal E, Ketani MA, ªeker U.
Morphological changes caused by Streptozotocininduced diabetes in the healthy gingiva of rats. Exp
Clin Endocrinol Diabetes 2016;124:167-72.
38. Balakhonov LV, Nepomnyashchikh LM, Aidagulova
SV, Bakarev MA, Vlasova LF. Structural reactions
of the buccal mucosa in diabetic parodontopathy.
Bull Exp Biol Med 2006;142: 633-6.

Cite this article as:
Sharma UR, Roy PK, Sharma AK, Kabiraj SP, Ghosh S. Correlation of poor oral hygiene with diabetic retinopathy and its relation with
altered ocular blood flow in middle aged type 2 diabetes patients residing in sub Himalayan West Bengal. Current Indian Eye Research
2019;6:53-60.

Disclaimer
Current Indian Eye Research (CIER) is the journal of Ophthalmic Research Group,
which gives editorial freedom to the editor of CIER. CIER follows guidelines of editorial
independence proposed by World Association of Medical Editors and code of good
publication practice of the Committee of Publication Ethics.
CIER is intended for professionals associated with medical research and practice, without
warranty, express or implied. Statements in the journal are responsibilities of the authors
and advertisers and not the author’s

60

Current Indian Eye Research

