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IMPACT OF GLAUCOMA ON THE DEVELOPMENT OF BLINDNESS IN PATIENTS
WITH DIABETIC RETINOPATHY

d - nhttp://dx.doi.org/10.5281/zenodo.14568690

ANNOTATION

Relevance: Glaucoma and diabetic retinopathy (DR) are among the leading causes of irreversible
blindness worldwide. Both conditions independently contribute to severe vision impairment, but their
coexistence may accelerate progression to blindness. Understanding the interaction between these
diseases is essential for improving patient outcomes.

Purpose: This study aims to assess the impact of glaucoma on the development of blindness in
patients with DR, focusing on how elevated intraocular pressure (IOP) and systemic factors contribute
to visual impairment. The goal is to identify key risk factors and suggest early intervention strategies.

Materials and Methods: A meta-analysis was conducted using data from observational studies
on patients over 40 years old with both glaucoma and DR. Data included ophthalmic examinations,
IOP measurements, and systemic health parameters (HbAlc, blood pressure). Literature from
PubMed, Medline, and Scopus was analyzed to evaluate disease progression and the role of systemic
and ocular factors.

Results: Patients with both glaucoma and DR experienced blindness significantly earlier (mean
age 63.85 years) compared to those with only one condition. Hyperglycemia and elevated IOP were
identified as critical contributors to visual deterioration. Male patients and those with poor glycemic
control showed a higher prevalence of blindness, with open-angle glaucoma being the most common
form in diabetic patients.

Conclusion: The coexistence of glaucoma and DR significantly accelerates the progression to
blindness. Early detection, rigorous IOP management, and control of systemic conditions such as
diabetes and hypertension are essential to prevent vision loss. These findings highlight the need for
integrated clinical management strategies and regular screening in at-risk populations.

Keywords: Glaucoma, Diabetic Retinopathy, Intraocular Pressure, Blindness, Hyperglycemia.
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JTUABETHUK PETUHOIIATUSI PUBOKJIAHT AH BEMOPJIAPJIA I'NIAYKOMAHUWHI
KYPHUIII KOBUJINSATH HYKOJIUIIINAT A TABCHPH

AHHOTALUA

Mag3yHuHr aoa3aposauru: ['maykoma Ba quaOeTHK peTuHonaTus OyTyH nyHE OYiinab kaitapud
OynMac KYpIMKHMHT acocuil cababmapuaaH xucoOnaHaau. lkkama Kacalauk XaMm KYpuIl
KOOWIMSTUHUHT XUIIUHA Macaliuimura onud Kenaad, aMMO YJIApHUHT OMprajlvKlIa pUBOKJIAHUIIN
KYpIAMKKa 07110 OOpUI CypbaTUHU TE3JATUIIN MyMKHUH. YIIOY KacaJUTMKJIAPHUHT ¥3ap0 TabCUPUHU
TYLIYHUII OeMOpJIap HATHXKAJIAPUHU SXIIMIIAI YUYH )KyAa MyXUM YpUH TyTaJH.

Makcan: YOy TaaKUKOT IJlayKoMa Ba JUAa0CTUK PEeTHHOINATHUs Ouprajlukia pUBOXKIIAHTaHIA
KYpAMKKA ONUO KEIUII KapaéHU Kall cypbaTaa KeUMIIHWHU, KY3 MYUAard OOCUMHUHI OLIMIIU Ba
TU3UMJIM OMWUIAPHUHT KYpUII KOOWJMATHra KaHlIail TabCUp YTKa3UIIMHU YpraHaau. Taakukor
acocuil xaB() OMWIJIapUHHM aHUKJIALI Ba 3pTa MHTEPBELMOH CTPATETHUSUIAPHM TaKIU(] KUIHUIITa
KapaTuiras.

Matepuaniap Ba ycyJaap: 40 éuiian omrad, MKKana KacalIMKKa YaJIMHTaH OemMopiiap opacuia
MeTa-TaxJ M YTKa3uiub, acocuil XxaB() omMmwuIapu cudaruga UUYKM Ky3 OOCMMH Ba CaJIOMATIMK
napametpiapura (HbAlc, ko Oocumu) »ptubop Kapatunau. PubMed, Medline Ba Scopus'nan
OJIMHTaH a/jabuéTiiap KaCaJUIMKHUHT DPUBOXJIAHMIIM Ba CHUCTEMHMK XamJa Ky3 OwiaH OOFIHMK
OMUJUIAPHUHT YPHUHM 0axojaml yUyH TaxJInil KHUJIHH]IH.

Harwxanap: Hartwkanap myHu KypcaTOuKHM, MKKala KacaJUIMK MaBXKyz OeMopiapaa Kypuil
KOOWMMATUHUHT WyKomumun 63.85 €mma cogup 6ynaau, Oy 3ca dakaT 6urta Xosatra sra Oynarax
O6emopnapra HucOaTaH aH4a 3pTa. [ uUneprivkeMus Ba MYKUM Ky3 OOCUMUHHUHI OIIMIIM KYpHII
KOOWIMATUHUHT EMOHJIAIIYBUTa KaTTa XUcca KyIraH. DpKak OeMopiap Ba IIIIOKO32 MUKIOPHUHH
AXIIM Ha3opaT KuWiMaraH OeMopiap KYNpoK KYpJIMKKa Jyd KelraH, OYMK Oypyakiu IiIayKoMma
nuabeTuk GemMopiap/a SHT KeHT TapKaJraH rilayKoMa Typu 3KaHJIUTY aHUKJIaH]IH.

Xyaoca: ['maykoma Ba AMa0ETUK PETUHONATHSHUHT OMprajukAa ydpalld KYpJIUKKa OJHO
OopaauraH xapaéHHM Ce3WJIapiu Japakaja Te3namrtupand. KYpiaukHU OJAMHU OJIMII yYyH 3pTa
TEKIINPYB, KY3 UUKM OOCUMUHU KaTbUW Ha30paT KWJIMIL, AUA0ET Ba TUIEPTEH3US KaOW TH3UMIIU
XOJATIapHU HA30paT KWIMII XKyJa MyXumaup. YOy HaTwkanap xaBg Typyxuaaru KUIIujiapra
MYHTa3aM CKPUHHUHI Ba MHTETpalMsjaHraH KJIMHUK OOIIKApyB CTpAaTErHsUIapUHUHT 3apypIIUTHHU
KypcaTaau.

KamuT cy3aap: rimaykoma, AuabeTUK peTHHONATUs, UYKH KY3 OOCHMH, KYpHUII KOOMIUSTHHUHT
UYKOJIUILH, TUIIEPTIIMKEMUSL.

HNobarToB Kasoxup Adaynnaesnd,
Iamancyposa 3yJaiixo MupaJuM:KaHOBHA,
JOKTOP MEIULIMHCKUX HAyK

LentpanbHo A3uarckuii Y HUBEPCUTET,
TamkenT, Y30ekucran

BJIUSTHUE I''TAYKOMBI HA PA3BUTHE CJEINOTHI Y HAIIMEHTOB C
JTUABETUYECKOMN PETUHOIIATUEN

AHHOTALUA

AKTyanbHOCTh TeMbl: [1aykoma u nuaberndeckast peruHomnatus (/IP) sBistorcs oqHuMU U3

BEIyIIMX MPUYMH HEoOpaTHUMOH cienoTsl B Mupe. O6a 3a00eBaHusl HE3aBUCUMO CIIOCOOCTBYIOT

3HAUUTENIBHOMY YXYALIEHUIO 3PEHUS, HO MX COYETAHHE MOJKET YCKOPHUTH IIPOrPECCHUPOBAaHUE K

cienore. IloHumanue B3auMMOJEHCTBHS STHUX 3a00J€BaHUN KpailHE Ba)KHO [UI YIJIy4IICHHUS
pE3yJIbTAaTOB JICUEHUS MTALIUEHTOB.

Henab: /laHHOE MCCeA0BaHNE HAPABIEHO Ha OLICHKY BIUSHUS IVIAyKOMBI HA Pa3BUTUE CIICIIOTHI

y MaIMeHTOB ¢ JUa0eTUYeCKOi peTHHONATHEH, ¢ aKIIEHTOM Ha TO, KaK IMOBBIIICHHE BHYTPUIIIa3HOTO
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nasnenust (BI'ZI) m cucremuble (axkTopbl BIMSIOT Ha yXyAlleHue 3peHus. Llenpro sBiseTcs
BBISIBJICHUE KIJIIOUEBBIX (DAKTOPOB pUCKa U MPEJIOKEHUI 110 paHHEMY BMEIIATEIbCTRY.

Matepuanabl U MeToabl: [IpoBeneH MeTa-aHaIM3 JaHHBIX HAOMIOATENbHBIX HMCCIEIOBAHUMN
naieHToB crapuie 40 ser ¢ oOeMMmM 3a00J€BaHUSMU — TJIAYKOMOW U IuabeTHYecKOon
perunonarueil. JlanHbple BKIIOYAIN 0(TaTIbMOJIOrHYECKHEe OCMOTPbI, n3Mepenus BI'/] u mokazatenu
cucreMHoro 310poBbsi (ypoBHu HbAlc, aprepuanbHOe naBieHue). AHaIM3HPOBAIUCH JaHHBIC
muteparypsl u3 PubMed, Medline u Scopus a5 OLeHKH MporpeccupoBaHus 3a00J€BaHUs U POJIU
CHCTEMHBIX U 0(PTATbMOJIOTHYECKUX (PAKTOPOB.

Pe3yabTarhl: Y NalnueHTOB ¢ IIayKOMOM M 1MabeTHUeCKO peTHHONATHE! ClIenoTa HacTynaia
3HAYUTEIBHO paHblie (B cpeiHeM B 63,85 roza) o CpaBHEHUIO ¢ TEMHU, Y KOr0 ObLIIO TOJIBKO OJJHO M3
Tux 3aboneBaHuil. ['mneprivkemus u mnosbimieHHoe BI'JI Obutn ompezneneHbl Kak KIIIOUEBbIE
(bakTOpbl, CIIOCOOCTBYIOIIME YXYIIICHUIO 3peHUs. Y MY>KUUH U MAIlMEHTOB C IUIOXUM KOHTPOJIEM
YPOBHSI TUIFOKO3bI yallle HaOJtoJanach cjernoTa, IpudeM MepBUYHAs OTKPBITOYTOJlbHAas TiayKoma
Obu1a HanboJee pacpoCcTpaHEHHON GOpMOii cpenu 1MabeTHKOB.

3akmouyenue: CouyeraHue IJIayKOMbl M AMA0ETUYECKON PETUHONATHUH 3HAYUTEIBHO YCKOPSET
nporpeccupoBanue K ciernore. PaHHee BBISBICHHE, TIIATENbHBIH KOHTposb BI'JI M cucTeMHBIX
COCTOSIHUH, TAKMX KaK AUA0ET U TMIEPTEH3Us, HEOOXOIUMBI JUIs MPEIOTBPAILECHUS TOTEPU 3PEHHSL.
OTH pe3ynbTaThl MOAYEPKUBAIOT HEOOXOAUMOCTh PETYNSPHOIO CKPHUHMHIA M MHTEIPUPOBAHHBIX
CTpaTeruil KIIMHUYECKOTO YIPaBJICHUS AJIs TPy PUCKA.

KarueBble cioBa: [maykoma, auabeTndeckas peTUHONATHUS, BHYTPUTIa3HOE JaBJICHHUE, CIENOTa,
TUIEPTIMKEMHUS.

Introduction

Glaucoma and diabetic retinopathy (DR) are two of the leading causes of irreversible blindness
worldwide. Glaucoma is primarily associated with increased intraocular pressure (IOP), while DR
results from long-term damage to the retina caused by diabetes mellitus (DM). Both conditions pose
significant public health challenges due to their prevalence and the severe impact on patients' quality
of life [1, 2].
Background and Rationale
Glaucoma is the leading cause of irreversible blindness globally, with an increasing prevalence due
to aging populations. Similarly, DR is a major cause of vision impairment and blindness. According
to a meta-analysis (1990-2010), approximately 833,690 individuals were blind, and 3.7 million were
visually impaired globally due to DR, with the highest numbers in South Asia and Africa [3].
Risk factors for glaucoma include age, ethnicity, family history, and increased IOP, while DR is
strongly linked to the duration and severity of diabetes, with higher risks associated with poor
metabolic control and comorbidities like hypertension. Both glaucoma and DR can progress to
blindness if untreated. Glaucoma causes damage to the optic nerve, often unnoticed until significant
vision loss occurs. DR leads to vision impairment through mechanisms like macular edema and
neovascularization, which, if untreated, can lead to severe visual loss [4].
Research Objective
To analyze the underlying mechanisms, progression, and interaction between glaucoma and diabetic
retinopathy that lead to the development of blindness, aiming to identify predictive markers and
therapeutic targets for early intervention using data from the literature.
Hypothesis
Patients with co-existing glaucoma and diabetic retinopathy have a higher risk of developing
blindness due to synergistic effects on retinal and optic nerve damage.
Methodology
A meta-analysis of data from literature such as PubMed, Medline, Scopus, and Google was conducted
using Al assistance by selecting longitudinal observational studies of patients diagnosed with both
glaucoma and DR.
Population
Adult patients (age > 40 years) with a confirmed diagnosis of both conditions.
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Data Collection

Regular ophthalmic examinations and IOP measurements, coupled with systemic health monitoring
(HbAlc levels, blood pressure).

Analysis

Assessment of progression rates to blindness, identifying the impact of systemic and ocular risk
factors on disease progression.

Results

Analysis of epidemiologic research studies showed that in people with DM, vision impairment mostly
occurs after 50 years old, predominantly in women (59%) compared to men (41%). Blindness due to
DM accounted for 3.3% of all cases and was mostly seen in individuals of Arabic ethnicity [5][6].
The prevalence of glaucoma increased with age, especially after 70 years old, and was more common
in men, accounting for 8.39% of total blindness [7][8]. The average age at blindness onset due to DM
was 50.3 + 3.6 years, whereas for glaucoma, it was 85.7 + 6.1 years. However, for those with both
conditions, the onset of blindness occurred significantly earlier, at 63.85 + 7 years. Glaucoma
prevalence in diabetic populations ranged from 4.96% to 14.6% [9, 10, 11, 12].

In terms of gender distribution, the combination of both diseases was comparable between men and
women (15:12), and the rate of blindness due to the coexistence of both diseases was nearly doubled
globally, regardless of ethnicity [13]. Hyperglycemia and poor glycemic control were significant
contributors to increased IOP, which in turn exacerbated the risk of visual impairment in patients with
both DM and glaucoma. Open-angle glaucoma patients, in particular, were more susceptible to
increasing IOP, resulting in progressive visual loss. IOP is one of the key factors contributing to visual
impairment in both DM and glaucoma [14].

Systemic factors such as systolic and diastolic blood pressure were also closely linked to vision loss
in patients with both conditions. Literature data indicate that elevated SBP and DBP are significant
risk factors for worsening vision loss in patients with both DM and glaucoma [15, 16].

A cross-sectional study in Oman involving 2,063 diabetic patients found that 8.87% had glaucoma,
with a higher prevalence in males and older individuals. This study further revealed that the mean
ocular pressure in glaucomatous eyes was 28.6 mm Hg, consistent with progressive visual loss. The
rate of visual disability was notably higher in diabetic patients with glaucoma (RR 1.56 [95% CI 1.14
to 2.13]), supporting the hypothesis that co-existing glaucoma and DR significantly increase the risk
of blindness [17].

Additional findings from a recent study identified that 34 diabetic patients had elevated IOP and were
diagnosed with glaucoma. This study highlights that glaucoma, a chronic progressive optic
neuropathy, is significantly prevalent among diabetic patients. It defines glaucoma as associated with
typical optic nerve head changes and visual field effects, with elevated IOP being a major risk factor.
Notably, diabetes increases susceptibility to two major types of glaucoma: primary open-angle
glaucoma (POAG) and neovascular glaucoma. The study aligns with existing research showing a
higher prevalence of POAG in diabetic patients, partly due to diabetes affecting the small blood
vessels supplying the optic nerve, rendering it more vulnerable to glaucomatous damage. The study
found that POAG is 1.4 times more common in diabetic individuals compared to the non-diabetic
population. Among the 34 subjects with glaucoma, POAG was the most common type, observed in
29 individuals, with a prevalence of 5.8%, consistent with previous research. Effective management
of IOP is essential to prevent blindness [18].
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TABLE | - CHARACTERISTICS OF THE EXAMINED  TABLE Il - MAGNITUDE OF GLAUCOMA AND ITS DE-

SAMPLE (Oman Diabetic Eye Study 2002) TERMINANTS (Oman Diabetic Eye Study 2002)
Characteristics Diabetic patients Examined sample Epidemiologic Fre- % Estimated Adjusted
variant quency cases rate* 95% CI
Sex No. % No. %
Male 2,587 45.64 809 39.21 Sex
Female 3,021 54.36 1,254 60.79 Male 86 10.63 276 11.50 10.25 to 12.74
Female 82 6.54 167 7.18  6.26 to 8.10
Age group (83 missing), yr
Less than 40 847 15.22 409 19.83 Age group (112 missing), yr
40 to 49 1,371 24.64 600 29.08 <40 12 2.93 18 2.93 1.80to 4.07
50 to 59 1,371 24.64 478 23.17 40 to 49 41 6.83 68 7.50 6.11 to 8.89
60 to 69 1,632 27.54 381 18.47 50 to 59 53 11.09 147 11.51 9.82to 13.20
70+ 444 7.97 112 5.43 60 to 69 44 11.55 166 13.12 11.43 to 14.81
70+ 12 10.71 43 13.39 10.22 to 16.56
Region
Muscat 476 8.55 488 23.65 Region
Dhofar 96 1.73 97 4.70 Muscat 53 10.86 56 11.07 8.25to0 13.88
Dhakhiliya 773 13.89 238 11.54 Dhofar 7 7.22 6 7.22 2.04t012.39
North Sharqiya 959 17.24 147 7.13 Dhakhiliya 24  10.08 79 10.92 8.73to 13.12
South Shargiya 340 6.11 179 8.68 North Shargiya 9 6.12 52 8.84 7.05to0 10.64
North Batinah 1,870 33.61 342 16.58 South Shargiya 9 5.03 21 7.82 497 to 10.68
South Batinah 475 8.54 219 10.62 North Batinah 33 9.65 135 9.94 8.59to 11.30
Dhahira 301 5.41 287 13.91 South Batinah 13 5.94 27 6.39 4.19 t0 8.55
Musundam 276 4.96 16 0.78 Dhahira 18 6.27 16 6.97 4.09 to 9.59
Musundam 2 12.50 34 12.50 8.60to 16.40
National
5,564 2,063 National
168 8.14 443 8.87 8.12 t0 9.62

* Rates are adjusted using indirect method of age sex
standardization

Glaucoma among Omani diabetic patients: a cross-sectional descriptive study (Oman Diabetic Eye
Study 2002), R. KHANDEKAR, R. ZUTSHI

TABLE Il - OCULAR PRESSURE BY METHOD (OMAN DIABETIC EYE STUDY 2002)

Eyes (n= 4,049) By aplanation method By indentation method Total

no. mean no. mean no. mean
(A) =22 mmHg 129 27.22 88 30.55 217 28.57
(B) 17 to 22 mmHg 1,062 18.73 830 18.25 1,892 18.52
(C) 10 and 16.9 mmHg 1,614 14.33 326 13.74 1,940 14.23

TABLE IV - GLAUCOMA BY DURATION AND METABOLIC CONTROL OF DIABETES

Diabetes variable Diabetic patients Diabetic patients Statistical
with glaucoma without glaucoma validation

Duration of diabetes, yr* (n=1,801)

less than 5 99 1,285 -2=7.41
6to 10 32 455 df =3
111015 13 113 p=0.05
16+ 10 58

Metabolic control of diabetes (n=528)
HbAlc < 9% 12 191 RR=1.46
HbA1c = 9% 28 297 95% Cl 0.75 to 2.80

Glaucoma among Omani diabetic patients: a cross-sectional descriptive study (Oman Diabetic Eye
Study 2002), R. KHANDEKAR, R. ZUTSHI

Discussion
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The results of this study highlight the substantial risk posed by the coexistence of glaucoma and
diabetic retinopathy (DR) in accelerating the development of blindness. The analysis demonstrated
that glaucoma, present in 4.96% to 14.6% of diabetic patients, significantly worsens visual outcomes,
particularly when compounded by factors such as hyperglycemia and increased intraocular pressure
(IOP). This finding is consistent with existing literature, which shows that both diseases share
common risk factors, including age, hypertension, and poor glycemic control.

The inclusion of data from the recent study reinforces the findings regarding the high prevalence of
glaucoma among diabetic patients. It underscores that elevated IOP and glaucoma are critical
concerns in managing diabetic retinopathy. The study’s identification of POAG as the predominant
type of glaucoma in diabetic patients aligns with the previously reported prevalence and highlights
the compounded risk of vision loss when diabetes and glaucoma coexist. The evidence supports the
necessity of regular screening for both conditions, particularly focusing on controlling IOP and
managing systemic factors like hyperglycemia and hypertension [18].

The cross-sectional study conducted in Oman corroborates these findings, showing that 8.87% of
diabetic patients had glaucoma, with a higher prevalence in males and older age groups. The mean
ocular pressure of 28.6 mm Hg in glaucomatous eyes is consistent with our findings, emphasizing the
importance of controlling IOP in diabetic patients to prevent blindness. Moreover, the Omani study
found that diabetic patients with glaucoma had a significantly higher risk of visual disability, further
supporting the conclusion that the coexistence of DR and glaucoma dramatically increases the
likelihood of vision loss [17].

The disparity in age-related onset of blindness in patients with diabetes and glaucoma is particularly
striking. As shown in this study, blindness occurs at a younger age (63.85 years) when both conditions
are present, compared to 85.7 years for glaucoma alone. This highlights the synergistic effect of these
diseases, where diabetes, particularly with poor glycemic control, exacerbates optic nerve damage
caused by elevated IOP, leading to more rapid progression toward blindness.

Systemic factors, such as elevated systolic and diastolic blood pressure, also play a critical role in
accelerating vision loss in both conditions. The findings from this study and supporting literature
emphasize the need for not only ophthalmic management but also tight control of systemic conditions
such as hypertension and diabetes to reduce the risk of blindness.

Globally, blindness due to the combination of DR and glaucoma appears to be consistent across
populations, regardless of ethnicity. This suggests that the mechanisms of visual impairment caused
by these conditions are universal, requiring global screening and management strategies. Regular
screening for both DR and glaucoma in diabetic patients is therefore essential. Early detection through
IOP measurements, ocular examinations, and systemic health monitoring can significantly reduce the
risk of severe vision loss.

These results support the need for integrated clinical strategies, where ophthalmologists and general
physicians collaborate to manage the ocular and systemic health of diabetic patients effectively.
Comprehensive care programs, as suggested by the Omani study, should prioritize early detection,
consistent monitoring, and prompt intervention for both glaucoma and DR to prevent vision loss.
Conclusion

The interplay between glaucoma and diabetic retinopathy (DR) poses a significant risk for
accelerating the progression to blindness, underscoring the need for integrated management
strategies. Our analysis reveals that the coexistence of these conditions markedly accelerates the onset
of blindness, with patients experiencing visual impairment at a significantly younger age compared
to those with only one of the conditions. The high prevalence of primary open-angle glaucoma
(POAG) among diabetic patients further exacerbates this risk. Systemic factors such as
hyperglycemia and hypertension play a crucial role in this process, making comprehensive
management essential. The findings emphasize the necessity of regular screening and early
intervention for both glaucoma and DR to mitigate vision loss. Future research should focus on
refining predictive markers and exploring targeted therapies to address the synergistic effects of these
diseases.
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