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Introduction
One of the leading causes of preventable blindness is cataract affecting approximately 18 million 
people worldwide.1 Diabetes mellitus (DM) affects 6% of the South African population. In 
KwaZulu-Natal, this prevalence is 12.5%, which is higher than the national prevalence.2 Pre-
diabetes is a condition in which insulin resistance causes blood glucose levels (BGL) to be higher 
than normal but not high enough to be regarded as non-insulin-dependent diabetes, which is 
prevalent in approximately 5 million South Africans.3 The International Diabetes Federation (IDF) 
has found that 366 million people have DM globally and has predicted this number to rise to 
552 million by 2030.3

Diabetes mellitus is a group of metabolic diseases, characterised by high BGL resulting from 
deficient insulin secretion, insulin action or both.4 Currently, it is classified on the basis of the 
pathogenic process that leads to hyperglycaemia. Under this classification, the terms type 1 
diabetes mellitus (T1 DM) and type 2 diabetes mellitus (T2 DM) have replaced insulin-dependent 
DM, juvenile-onset diabetes and non-insulin-dependent DM, respectively, for adult-onset 
diabetes.4 Common symptoms of DM are polyuria, polydipsia, polyphagia, weight loss and 
blurred vision.4

Glycaemic changes are assessed using the following tests to indicate DM:4,5

•	 Fasting plasma glucose:	 ≥ 7.0 mmol/L
•	 Urine glucose:	 ≥ 0.8 mmol/L

Background: One of the leading causes of preventable blindness is cataract affecting 
approximately 18 million people worldwide. Twenty per cent of cataract operations worldwide 
are performed on people with diabetes mellitus (PDM).

Aim: The aim of this review article is to analyse the scientific literature relating to visual 
changes associated with diabetes mellitus (DM) in pseudophakic, aphakic and phakic people, 
and to discuss the consequences of these changes for optometrists.

Method: A literature search was conducted on PubMed, the University of KwaZulu-Natal 
Libraries and Google Scholar databases from August 2017 to August 2018.

Results: Acute and chronic hyperglycaemia in DM causes myopia in phakic PDM, whilst in 
aphakic PDM it causes a hyperopic shift in refraction. It has been reported that contrast 
sensitivity and visual acuity are affected by changes in blood glucose. People with DM have 
increased central corneal thickness as compared to non-diabetics, whilst only the posterior 
corneal curvature is affected by hyperglycaemia in PDM. No evidence exists on the effects of 
glycaemic changes in pseudophakes.

Conclusion: It should be noted that high blood glucose level (BGL) induces transient myopia 
and hyperopia in chronic phakic PDM and aphakic PDM, respectively. All refractive 
procedures, including prescription of spectacles, corneal refractive procedures and lens 
extraction, should be deferred until normalisation of BGL in phakic and pseudophakic PDM, 
as higher sugar levels affect corneal curvature and thickness and overall vision.
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•	 Haemoglobin A1C:	 > 6.5%
•	 Fasting blood glucose:	 > 7 mmol/L
•	 Random or casual blood glucose:	 > 11 mmol/L
•	 Glucose tolerance test:	 > 11.1 mmol/L after 2 h

The chronic hyperglycaemic condition of DM is related to 
persistent damage and dysfunction of various organs, that is, 
eyes, kidneys, nerves, heart and the blood vessels. In the eye, 
long-term complications of DM include retinopathy, which 
may lead to potential irreversible loss of vision. The acute 
glycaemic changes in phakic people with diabetes mellitus 
(PDM) cause fluctuations in distance and near vision.4,6

Background
In PDM, the intracellular accumulation of sorbitol owing to 
poor metabolic control causes changes in the crystalline lens 
proteins, which result in cataract.7 Cataract is two to five 
times more frequent in PDM, thereby increasing the 
likelihood of pseudophakia in this group.1

The term ‘pseudophakia’ refers to having an artificial intraocular 
lens (IOL) implanted after the natural eye lens is removed. 
During cataract surgery, the natural cloudy lens is replaced 
by an IOL.8 The most common type of IOL used is the 
monofocal IOL, which allows the patient to focus at a certain 
distance; however, there are multifocal and accommodating 
IOL that allows the patient to see at different distances. A 
point to note is that the crystalline lens is metabolically active 
and requires nourishment in order to maintain its growth and 
transparency, whilst the IOL is not metabolically inert.9

People with DM account for up to 20% of all cataract 
procedures, with this number increasing annually1; evidence 
of the effect of glycaemic changes in pseudophakic PDM on 
vision is limited. The consequences of this on the management 
of pseudophakic PDM in clinical settings require addressing. 
This suggests that the number of diagnosed and undiagnosed 
pseudophakic PDM visiting optometrists is likely to increase 
exponentially in the light of the IDF prediction of 552 million 
PDM by 2030.

The occurrence of transitory refractive changes in phakic 
PDM was recognised as early as in 1873.7,10 Refractive error is 
affected by the changes in either or all of corneal thickness, 
corneal curvature, lenticular thickness and axial length.11 A 
change towards hyperopia in phakic PDM occurred in the 
patients with reduced BGL, but the effect in pseudophakic 
PDM is yet to be established.12

Contrast sensitivity (CS) can be used to grade and monitor the 
progression of diabetic retinopathy as there is a greater loss of 
CS in severe diabetic retinopathy.13 Fluctuation of BGL in DM 
has been known for many years to cause change in visual 
acuity (VA), but there is a lack of evidence on the effect on 
pseudophakic PDM and on CS. There are no significant 
changes in the overall anterior corneal curvature before and 
after glycaemia control in phakic PDM;14,15 however, there is 
evidence of significant change in the flattest corneal meridian.16 

Acute fluctuations in BGL had no effect in the corneal thickness 
of phakic PDM.17 There are conflicting reports on the effect of 
acute changes of BGL on the overall corneal curvature in 
phakic PDM.15,18,19

This present article could be beneficial towards effectively 
managing refractive error in acute glycaemic changes in 
phakic, aphakic and pseudophakic PDM in terms of the effect 
of glycaemic changes in pseudophakic, aphakic and phakic 
PDM on refraction, VA, CS, corneal thickness and corneal 
curvature. It could also isolate the involvement of the 
remaining natural refractive surface of the cornea on vision 
in pseudophakic and aphakic PDM.

The aim of this review article was to analyse the scientific 
literature relating to visual changes associated with DM in 
pseudophakic, aphakic and phakic PDM and discuss the 
consequences of these changes for optometrists.

Method
The study is structured as a narrative review. A comprehensive 
literature search was conducted on PubMed, the University of 
KwaZulu-Natal Libraries and Google Scholar databases from 
August 2017 to August 2018. The search included articles 
from 1976 to 2018. Inquiries were made using the following 
keywords in various combinations: ‘pseudophakic diabetes 
mellitus’, ‘refractive error changes of diabetes mellitus’, 
‘corneal changes in diabetes’ and ‘diabetes mellitus’. All 
relevant English language publications were included. All 
included studies were thematically analysed and organised.

Ethical considerations
Ethical clearance was obtained from the Biomedical Research 
Ethics Committee of the University of KwaZulu-Natal 
(number BE230/18).

Results
Refractive error in people with diabetes mellitus
Refractive error is influenced by changes in corneal thickness, 
corneal curvature, lenticular thickness and axial length or a 
combination of all of these.11 As early as in 1873, changes in 
BGL have been recognised to affect vision in PDM.7 Refractive 
error changes are very common in PDM, and sometimes it 
could be the first sign to indicate the existence of the 
condition. Transient refractive changes are immensely 
dependent on the degree of BGL.20 Studies7,12,18,21,22 were 
conducted on PDM that had no diabetic retinopathy, with the 
exception of one study23 that included mild diabetic 
retinopathy with no macular oedema. Table 1 shows the 
various studies comparing the effect of acute glycaemic 
changes on phakic and aphakic PDM.7,12,18,21,23,24,25

Aphakic and pseudophakic people with 
diabetes mellitus
As early as in 1976, Gwinup et al.21 studied both transient and 
chronic changes in BGL on refraction in both phakic PDM 
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and aphakic PDM and found that acute changes in four 
aphakic PDM revealed an increase in transient hyperopia 
after intravenous glucose injection in aphakic PDM without 
retinopathy. A scientific review7 suggests that changes in the 
refractive power of aphakic PDM without retinopathy are 
because the cornea and the posterior capsule of the lens have 
an effect on refractive error changes.7 No study has been 
conducted on pseudophakic PDM.

Phakic people with diabetes mellitus
Okamoto et al.18 in 2000 conducted a study on 14 phakic PDM 
and found transient hyperopic shift of +1.47 dioptres (D) 
after decrease in BGL. Saito et al.26 agreed with Okamoto 
et al.18 that there is a direct correlation between the degree of 
hyperopic shift in refractive error and the BGL changes found 
in phakic PDM. Studies by Li et al.12 in 2010 and Lin et al.22 in 
2009 found that intensive reduction in BGL caused transient 
hyperopia changes of +1.35 D and +1.60 D in newly diagnosed 
phakic PDM, resulting in blurred vision in PDM without 
retinopathy. There is a lack of consensus in studies that 
compared the influence that T1 DM and T2 DM have on 
refraction. Klein et al.23 found a mean change in refractive 
error of −0.20 D and +0.48 D in T1 DM and T2 DM, 
respectively, and concluded that T1 DM were likely to be 
slightly more myopic than those with T2 DM (p < 0.01).

These studies18,22,23,24,25 suggest that the myopic shift in 
refractive error in phakic PDM was caused by crystalline lens 
after intravenous glucose injection. The studies7,21 conducted 
on phakic PDM showed that the cornea and the posterior 
lens capsule have an impact on refractive error changes. The 
cornea and posterior lens capsule reverse any changes 
induced by crystalline lens in phakic PDM, thus causing 
refractive error in the opposite direction of aphakic PDM.7

Conversely, few studies10,19,24,25 have reported the possibility of 
increasing myopic shift in refraction under hypoglycaemic 
conditions in newly diagnosed phakic PDM. Eva et al.10 
in  1982 studied 12 phakic PDM and found hyperopic shift 
in  refraction when BGL increased in newly diagnosed 

phakic PDM. In 2003, Giusti et al.19 studied 20 newly diagnosed 
T1 DM phakic PDM and found a mean change of −1.76 D 
myopic shift in refraction, with a BGL mean increase of 
14.45 mmol/L. Recent studies by Verma et al.24 in 2017 and 
Yarbağ et al.25 in 2015 have found that the mean change of 
11.73 mmol/L (hypoglycaemia) produced myopic change 
of −1.75 D in newly diagnosed phakic T2 DM (p < 0.05). 

In summary, there is a transient and permanent direct 
correlation between the degree of hyperopic shift in refraction 
and BGL changes in phakic PDM, and a transient correlation 
in the degree of myopic shift in the refraction of phakic PDM; 
however, little is known about the effect on pseudophakic 
PDM. These changes are transient with acute glycaemic 
changes and permanent in a chronic increase in BGL in PDM. 
Refractive error changes related to DM could be both 
transient and chronic in phakic PDM, but relatively little is 
known on the effect of changes in pseudophakic PDM. The 
biochemical changes occurring during refractive error 
changes in phakic PDM are not well understood, whilst the 
biochemical changes in pseudophakic and aphakic PDM on 
refraction have not been investigated yet.

The biochemical changes in chronic phakic PDM occur when 
the crystalline lens has excessively high glucose. Aldose 
reductase is responsible for the first step in the polyol cycle 
that reduces glucose to sorbitol, which builds up in the lens. 
During a shift in the glycaemic state of PDM from hyper- to 
hypoglycaemia, surplus of glucose moves out of the lens but 
not sorbitol. Because of the difference in osmotic pressure 
between the lens and the aqueous humour, water from the 
aqueous humour moves into the lens, causing swelling with 
hyperopic shift in refraction. Change in the refractive index 
of the crystalline lens produces considerably volatile 
refractive error changes; this is a plausible explanation for the 
existence of refractive error changes in phakic PDM.7,26,27

Corneal curvature and thickness in people with 
diabetes mellitus
The cornea and the crystalline lens are primarily responsible 
for the refraction of light in the eye.15 The cornea is a major 

TABLE 1: Effect of glycaemic changes on refraction or refractive error in people with diabetes mellitus.
Study (year) N Glycaemic changes Ocular 

status 
Mean glycaemic 
value (mmol/L)

Outcome Mean change (D) p HbA1c 
(%)

p DR

Chronic PDM
Gwinup et al.21 10 Hyperglycaemia Phakic ∆5.6 Myopic shift −0.50 < 0.050 N/A N/A None

Aphakic ∆5.6 Hyperopic shift +0.50 < 0.050 N/A N/A

Okamoto et al.18 14 Hypoglycaemia Phakic 29.75 ± 7.80† Hyperopic shift +1.47 < 0.010 11.9 < 0.005 None
Huntjens and O’donnell7 N/A Hyperglycaemia Aphakic ∆5.6 Hyperopic shift +0.50 < 0.050 N/A N/A None

Lin et al.22 5 Hypoglycaemia Phakic 32.55 ± 12.78† Hyperopic shift +1.35 < 0.050 14.2 N/A None
Li et al.12 20 Hypoglycaemia Phakic 19.48 ± 5.04† Hyperopic shift +1.60 < 0.050 12.2 < 0.050 None
Klein et al.23 2094 Hyperglycaemia Phakic 11.1† T1 DM > myopic  

T2 DM
T1: −0.20 ± 1.08  
T2: +0.48 ± 0.89

< 0.001 N/A N/A Mild NPDR

Newly diagnosed PDM
Eva et al.10 13 Hyperglycaemia Phakic 22.72† Hyperopia +2.00 N/A N/A None
Giusti et al.19 20 Hypoglycaemia Phakic ∆14.05 Myopic shift −1.76 < 0.001 7.3 < 0.001 None 

Yarbağ et al.25 130 Hypoglycaemia Phakic ∆11.73 Myopic shift −1.75 < 0.050 N/A N/A None

Verma et al.24 100 Hypoglycaemia Phakic ∆11.37 Myopic shift −1.50 < 0.050 N/A N/A NPDR

N/A, not available; PDR, proliferative diabetic retinopathy; PDM, people with diabetes mellitus; DR, diabetic retinopathy; ∆, change; NPDR, non-proliferative diabetic retinopathy.
†, Peak BGL.
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contributor with approximately two-thirds of refractive 
power to the eye.7 Corneal refractive power can be altered by 
changes in curvature or corneal thickness, which significantly 
changes refractive error.

Structural and functional abnormalities of the cornea are 
caused by its compromised epithelial barrier function and 
decreased endothelial function owing to DM. Complications 
associated with DM in the cornea are recurrent corneal 
erosions, punctate keratitis, decreased sensitivity, delayed 
wound healing and corneal oedema after vitrectomy.15

Corneal curvature
Table 2 shows various studies describing the effect of 
glycaemic changes on corneal curvature in PDM.6,12,15,16,18,19 

Studies have tried to isolate the refractive surface responsible 
for refractive changes induced by the fluctuating BGL. 
Sonmez et al.16 investigated the effect of intensive glycaemic 
control on 18 phakic hyperglycaemia-induced changes on 
refractive properties, with a mean BGL of 19.75 mmol/L 
before and 7.42 mmol/L after treatment. A statistically 
significant change in corneal topographic keratometric 
measurements at the flattest corneal meridian occurred after 
treatment. The mean acute values for the topographic 
measurements of the flattest axis increased from 43.51±1.56 
D on admission to 43.60±1.60 D at the second examination. 
This suggests that all refractive procedures, including 
prescription of spectacles, corneal refractive procedures and 
lens extraction, should be deferred until normalisation of 
BGL in PDM.

In 2007, Wiemer et al.15 investigated the effect of T1 DM and 
T2 DM on the cornea with non-diabetics and concluded that 
phakic PDM had significantly smaller posterior corneal radii 
(T1 DM: 6.49 ± 0.04 and T2 DM: 6.48 ± 0.04 mm) as compared 
with non-diabetics (6.64 ± 0.04 mm). The mean posterior 
power of cornea was significantly larger statistically (p < 0.05) 
in PDM (T1 DM: −6.27±0.03 D and T2 DM: −6.36±0.03 D) 
compared with non-diabetics (−6.17±0.03 D). As a result, the 
posterior corneal power of phakic PDM varied from that of 
the non-diabetics (p < 0.01). However, the corneal power did 
not differ statistically between phakic PDM and non-
diabetics. In 2008, Wiemer et al.6 investigated the effect of 
acute hyperglycaemia on non-diabetics and found no 
statistically significant changes in the anterior and posterior 
corneal curvature and the lens. The authors concluded that 
sustained and profound hyperglycaemia was required to 
cause fluctuating vision of the phakic eye.

Giusti et al.19 investigated the effect of glycaemic changes in 
newly diagnosed cases of phakic T1 DM and found no 
statistically significant changes in anterior corneal power 
(p > 0.05),18 lens thickness or anterior chamber depth. Li et 
al.12 in a study conducted in 2010 agreed with Giusti et al.19 
and found no statistically significant changes during 
intensive glycaemic control of severe hyperglycaemia in 
newly diagnosed phakic PDM. Okamato et al.18 concluded 
that hyperopic changes in phakic PDM after intensive 

glycaemic control were not attributed to morphological 
changes of the cornea in phakic PDM.

In summary, there are no significant changes in the overall 
anterior corneal curvature before and after the decrease in 
BGL in phakic PDM.14,15 The mean posterior power of the 
cornea was larger statistically (p < 0.05) in PDM compared 
with non-diabetics, and the mean posterior curvature was 
significantly smaller in PDM compared with non-diabetics. 
However, there was no statistically significant evidence for 
refractive change in the whole cornea (p > 0.05), as the 
anterior corneal curvature was not affected by changes in 
BGL.15 The flattest corneal meridian showed significant 
changes during hyperglycaemia16 and the posterior radii of 
the cornea of PDM was significantly smaller, compared to 
non-diabetics.14

Hyperglycaemia and the corneal topographic changes have 
not been studied well. Excess glucose concentration in the 
aqueous humour and the cornea can also affect corneal 
topography by changing corneal hydration,16 resulting in 
significant changes in the posterior radii and power. No 
studies have yet been conducted on pseudophakic and 
aphakic PDM.

Corneal thickness
Table 3 shows various studies describing the effect of 
glycaemic changes on corneal thickness in PDM.15,17,28 In 2008, 
Su et al.17 investigated the effect of hyperglycaemia and 
HbA1c on the central corneal thickness (CCT) using 
ultrasound pachymetry. On average, chronic changes in BGL 
in phakic PDM resulted in 6.5-µm thicker central cornea than 
in non-diabetics, and the mean CCT positively correlated 
with the high levels of BGL and HbA1c.

Lee et al.28 in agreement with Su et al.17 found that the CCT 
were on average significantly thicker in phakic PDM for 
more than 10 years (595.9±4.2 mm), compared with non-
diabetics (567.8±3.8 mm; p < 0.001). Su et al.17 concluded that 
hyperglycaemia in phakic PDM may lead to endothelial 
dysfunction, resulting in stromal hydration and thicker CCT, 
which could be detected by specular microscopy. Wiemer 
et al.15 disagreed with Lee et al.28 and reported that there is no 
correlation between CCT and the age of PDM.

The average of at least 3 months (HbA1c) affects CCT more 
than acute changes in BGL. Proliferative diabetic retinopathy 
had thicker CCT than non-proliferative diabetic retinopathy.17 
A study conducted by Busted et al.29 found the mean cell 
density to be 2686 ± 356 cells/mm2 and 2853 ± 386 cells/mm2 
in those with and without proliferative diabetic retinopathy, 
respectively. Correlation between thicker CCT and diabetic 
retinopathy suggests that CCT may be an indicator of the risk 
of retinal complications in PDM.29

Phakic PDM is often associated with increased CCT,17 but 
transient fluctuation of BGL rendered no effect in the corneal 
thickness. Hyperglycaemia may cause decreased corneal 

http://www.avehjournal.org


Page 5 of 9 Review Article

http://www.avehjournal.org Open Access

endothelial function, which results in influx of water to the 
cornea and thicker CCT. Corneal endothelial abnormalities, 
such as polymorphism, polymegathism, decrease in 
percentage of hexagonal cells, higher coefficient of variation 
and increased CCT, have been noted on specular microscopy 
in PDM. There is a lack of evidence on the effect of transient 
changes of BGL on the corneal curvature of pseudophakic 
and aphakic PDM and non-diabetics. 

Contrast sensitivity in people with 
diabetes mellitus
Contrast sensitivity is a function of the retina, and it evaluates 
the central vision.30 It is the ability of the visual system to 
realise differences between objects and background to the 
finest detail. In a patient with diabetes, CS may be reduced 
even before the development of diabetic retinopathy and even 
when VA is normal. Hence, measuring CS may be a useful tool 
for early detection of abnormalities in retinal function in 
PDM.30 Acute hyperglycaemia in PDM is often associated with 
transient subjective visual disturbances, and the CS test is used 
to assess functional visual disturbances.31 Dynamic testing of 
CS is the assessment of CS when either the target or the patient 
is in motion, whilst the static testing of CS is when both target 
and patient are stationary. Table 4 describes the effect of 
glycaemic changes on CS in PDM and is elaborated below.

In 1982, Ghafour et al.32 investigated the effect of DM with and 
without retinopathy on CS and found that phakic PDM had a 
permanent significant increase in threshold at higher 
frequencies compared to non-diabetics, thus suggesting poorer 
CS.32 In 1992, Di Leo et al.33 found that CS was significantly 
reduced in contrast threshold of PDM during hyperglycaemia 
compared to non-diabetics. Di  Leo et al.33 also found that 
HbAlc significantly correlated with CS thresholds in both 
dynamic and static tests, p < 0.05 and p < 0.05, respectively. 

It is thought that hyperglycaemia is linked to the development 
of diabetic retinopathy; thus, higher HbA1c is also associated 
with the development of retinopathy.

In 1995, Mangouritsas et al.31 investigated the effect of 
induced hyperglycaemia in phakic T2 DM without 
retinopathy on CS and found a statistically significant 
difference between euglycaemia (6.4 mmol/L) and 
hyperglycaemia (15.4 mmol/L). There was no statistical 
significance between DM and CS duration. The latest study 
conducted by Rashmi et al.30 in 2016 on disagreement found 
that as the duration increases and glycaemic control worsens, 
CS decreases. In 2003, Stavrou et al.34 investigated the effect 
of later CS changes in early diabetic retinopathy and found 
that CS was reduced in phakic PDM, compared with non-
diabetics. Using the Pelli–Robson Chart, Stavrou et al.34 and 
Noticewala et al.35 found similar results in significant loss of 
CS clinically and statistically.

Andrade et al.13 found lower mean monocular CS in phakic 
PDM with no retinopathy at all spatial frequencies, compared 
with phakic non-diabetics. Statistical significance was found in 
two out of 11 (15 cycles per degree [CPD] and 30 CPD) spatial 
frequencies tested (p < 0.05). Phakic PDM without retinopathy 
showed increased thresholds at higher spatial frequencies 
tested.13 Phakic PDM with retinopathy had statistically lower 
mean monocular CS than non-diabetics at all spatial 
frequencies. This was in agreement with Rashmi et al.30 who 
also found that CS was significantly lower in PDM with 
retinopathy than in non-diabetics (p < 0.05) or in PDM without 
retinopathy (p < 0.05). 

Psychophysical methods in PDM showed loss of foveal 
vision. Visual testing by CS can significantly advance the 
evidence of neuropathology of PDM. Phakic PDM have a 
significant loss in CS in spite of the fact that the patient has 

TABLE 3: Effect of glycaemic changes on corneal thickness in people with diabetes mellitus.
Study N Glycaemic change Tool CCT p Outcome (CCT in DM)

Lee et al.28 300 Hyperglycaemia Ultrasound pachymetry DM: 588.2 ± 2.7 µm
Non-DM: 567.8 ± 3.8 µm

< 0.005* Thicker 

Su et al.17 3280 Hyperglycaemia Ultrasound pachymetry DM: 547.2 µm 
Non-DM: 539.3 µm 

< 0.001* Thicker

Wiemer et al.15 272 Hyperglycaemia Scheimpflug imaging T1: 0.586 ± 0.003 (SE) mmT2: 0.578 ± 0.003 (SE) 
mmControl: 0.578 ± 0.004 (SE) mm

> 0.190 No difference

CCT, central corneal thickness; DM, diabetes mellitus; SE: standard error.
*, Statistically significant observation.

TABLE 2: Effect of glycaemic changes on corneal curvature in people living with Diabetes Mellitus.
Study 
(year)

N Mean glycaemic 
value (mmol/L)

Mean  
HbA1c (%)

Ocular  
status 

Tool Mean anterior 
corneal surface 

p Mean posterior 
corneal surface 

p DR

Hypoglycaemic changes
Okamoto et al.18 28 29.75 ± 7.80† 11.90 Phakic N/A 44.06 to 43.96 > 0.005 N/a N/A None
Giusti et al.19 20 ∆14.45 7.00 Phakic Computerised video keratoscope 44.76 to 44.94 > 0.05 N/A N/A None

Sonmez et al.16 18 ∆12.4 11.38 Phakic C-scan corneal topography N/A N/A N/A N/A None to NPDR

Li et al.12 20 19.48 ± 5.04† 12.20 Phakic N/A 44.70 to 44.94 > 0.050 N/A N/A None
Hyperglycaemic changes
Wiemer et al.15 272 T1: 9.7 ± 4.6†

T2: 7.9 ± 3.2†
T1: 8.1 ± 1.6
T2: 7.5 ± 1.4

Phakic Scheimpflug imaging T1: 47.8 ± 0.2 
T2: 48.1 ± 0.2 

> 0.050 T1:−6.17 ± 0.04 
T2: −6.19 ± 0.04

< 0.001* None to PDR

Wiemer et al.6 5 ∆14.00 N/A Phakic Scheimpflug imaging No change > 0.050 No change None

N/A, not available; DR, diabetic retinopathy; NPDR, non-proliferative diabetic retinopathy; PDR, proliferative diabetic retinopathy; ∆, change.
†, Peak BGL.
*, Statistically significant observation. 
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retinopathy or not. Contrast sensitivity can be used to grade 
and monitor the progression of diabetic retinopathy, as there 
is a greater loss of CS in severe diabetic retinopathy. Contrast 
sensitivity detects early changes of visual function in chronic 
T1 DM before the appearance of diabetic retinopathy. Static 
testing of CS in all PDM found similar results with loss of CS 
at both low and high spatial frequencies. No study has been 
conducted on aphakic and pseudophakic PDM to compare 
the effect of transient BGL changes on CS.

Visual acuity in people with diabetes mellitus
Visual acuity is a well-known estimation of visual capacity in 
light of the fact that the test is effortlessly regulated. People 
with DM complaining of fluctuating VA present with 
symptoms such as blurred vision with spectacles when 
driving and reading. Visual acuity testing is the ‘highest 
quality-level’ test for essential results of clinical trials.37 Table 
5 describes the effect of glycaemic changes on VA in PDM 
and is elaborated upon below.

Okamoto et al.18 investigated the effect of hypoglycaemia in 
phakic PDM and found reduced VA when BGL decreased. In 
contrast Guisti et al.19 2003 found no statistically significant 
difference between VA and changes in BGL. Stavrou et 
al.34conducted a study on phakic T2 DM using LogMAR 
(Bailey-Lovie Chart) and measured the reduction in VA in 
PDM during a hyperglycaemic state. This suggests that in 
spite of the glycaemic state in PDM, the VA will be affected. 

Wiemer et al.6 conducted a study on acute hyperglycaemia in 
phakic non-diabetics using the Snellen Acuity Chart and 
found reduced VA. Therefore, it is assumed that fluctuating 
vision in PDM is not owing to a contributing factor of higher-
order aberrations but owing to changes in lower-order 
aberrations of the eye. In contrast to these findings, Wiemer 
et al.,38 when measuring higher-order aberration, found small 
changes before and after the patient complained of blurred 
vision, thus suggesting that subjective symptoms of poor 
vision during hyperglycaemia are not because of changes in 
the refractive properties of phakic PDM.

Noticewala et al.35 conducted a study on phakic PDM using 
the Snellen Acuity Chart and found a statistically significant 
reduction in VA in PDM, compared with non-diabetics. 
The mean Snellen equivalent best-corrected VA for right eye 

in PDM was 6/9 and with non-diabetics it was 6/6. The mean 
Snellen equivalent best-corrected VA for left eye in PDM was 
6/9 and with non-diabetics it was 6/6.

Jurangal et al.37 conducted a study to assess VA in phakic 
PDM and found that maximum number of PDM (30%) have 
the best-corrected VA of 6/18. In contrast to this, maximum 
number of non-diabetics (38%) have the best-corrected VA of 
6/9; both results were statistically significant. Based on the 
findings, it was concluded that non-diabetic eyes were found 
to have the best-corrected VA than PDM owing to macular 
degeneration, cataract diabetic maculopathy and corneal 
haziness. 

Transient BGL in phakic PDM has been known for many 
years to cause changes in VA, but there is a lack of evidence 
on the effect in pseudophakic patients. There is no correlation 
between BGL and VA in phakic PDM. Anecdotal evidence 
suggests that fluctuations in BGL cause blurred vision in 
patients. Wiemer et al.38 proved that the refractive component 
of the eyes is not affected by fluctuations in BGL. The 
generally accepted theory is that acute fluctuations of VA in 
PDM are primarily because of lens swelling and decreased 
refractive index.21 No study has been conducted to compare 
the effect on VA in aphakic and pseudophakic PDM.

Discussion
Changes in refractive error could be because of fluctuating 
BGL. Therefore, it is vital to enquire about BGL when 
examining PDM. Prescribing spectacles is ill-advised if BGL 
is uncharacteristically high or low during examination, and it 
is important to educate PDM about the effect of DM on eyes 
and the complications as a result of uncontrolled BGL.34 
Diabetes mellitus should be controlled before spectacles are 
prescribed. Optometrists as primary eye care providers 
assess and monitor a large number of PDM. Optometrists 
may consider undiagnosed DM when a patient complains of 
fluctuating VA.

Transient refractive changes owing to fluctuations in BGL are 
known signs in phakic PDM. Myopic shifts12,18,21,22 and 
hyperopic shifts10,19,24,25 have been reported in phakic PDM 
during hyperglycaemia. In newly diagnosed phakic PDM, 
high BGL results in hyperopic shift in refraction, whilst in 
chronic phakic PDM, myopic shift in refraction is noted. 

TABLE 4: Effect of glycaemic changes on contrast sensitivity function in people with diabetes mellitus.
Study N Diabetic status Glycaemic state Ocular status Tool p Outcome DR

Ghafour et al.32 179 T1 DM and T2 DM Hyper Phakic Arden Grating Test < 0.0001* ↓CS None to PDR
Di Leo et al.33 24 T1 DM Hyper Phakic ASA400 black and white film < 0.0200* ↓CS None
Mangouritsas et al.3120 T2 DM Hyper Phakic CSV-100 CS test > 0.0500 No observation None
Stavrou et al.34 44 T2 DM Hyper Phakic Pelli-Robson Chart (Letter CS) < 0.0010* ↓CS None to moderate NPDR
Andrad e et al.13 27 T2 DM Hyper Phakic Contrast sensitivity test < 0.0500* ↓CS None
Rashmi et al.30 200 T2 DM Hyper Phakic Appasamy I Chart < 0.0330* ↓CS None
Noticewala et al.35 114 T1 DM and T2 DM Hyper Phakic Pelli-Robson chart < 0.0500* ↓CS None to NPDR
Mirković et al.36 20 T1 DM and T2 DM Hyper Phakic Low-contrast ETDRS < 0.0500* ↓CS None to NPDR

Hyper, hyperglycaemia; DR, diabetic retinopathy; NPDR, non-proliferative diabetic retinopathy; PDR, proliferative diabetic retinopathy; CS, contrast sensitivity; ETDRS, early treatment diabetic 
retinopathy study.
*, Statistically significant observation.
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Hyperglycaemia causes hyperopia in aphakic PDM7,18,19 and 
myopia in chronic phakic PDM.7,21 These data indicate that 
myopic shift in refractive error of phakic PDM was caused by 
the crystalline lens. The sorbitol pathway causes accumulation 
of sorbitol and fructose in the lens, which decreases refractive 
index of the lens, causing hyperopic shift in refraction.21 The 
cornea and the posterior lens capsule in aphakic PDM result 
in a hyperopic shift in the refractive error of aphakic PDM. 
However, as change in the refractive error was opposite in 
direction in phakic PDM, compared with aphakic PDM, the 
crystalline lens alters changes made by the cornea and the 
posterior lens capsule.7

Changes in refractive power in aphakic PDM without 
retinopathy are because of the cornea and the posterior lens 
capsule having an influence on refractive error changes. This 
may be a possibility in pseudophakic PDM considering that 
the IOL is inert. No study is conducted on refraction in 
pseudophakic PDM. 

Hyperglycaemia has more influence on posterior corneal 
power as compared to the anterior corneal power. However, 
the contribution of posterior corneal power is insignificant to 
the total refractive error of the eye, and even in the overall 
corneal power. Therefore, hyperglycaemia has insignificant 
effect on the total corneal power.15 People with diabetes 
mellitus had thicker CCT as compared to non-diabetics of the 
same age group; this is because of disruption in corneal 
endothelium by hyperglycaemia.15 Metabolic control of DM 
plays a vital role in corneal thickness as HbA1c, which is not 
controlled, presents with thicker corneas as compared with 
controlled HbA1c.17 No study has been conducted on the 
cornea in pseudophakic PDM.

Previous studies30,35,36 have found that phakic PDM have 
reduced CS as compared to non-diabetics during 
hyperglycaemic state. Hyperglycaemia in PDM resulted in 
reduced CS as compared to euglycaemia.31 No study has 
been conducted on pseudophakic PDM. Visual acuity has 
been found to be reduced in both phakic PDM6,35,37 and non-
diabetics6 during hyperglycaemia. No study has been 
conducted on VA in pseudophakic and aphakic PDM. 
Psychophysical visual assessment methods in PDM show 
impairment of foveal vision. Testing of vision by 
psychophysical methods can significantly contribute to the 

evidence of neuropathological abnormalities even before 
signs are visible.

Figure 1 is a schematic that serves as a summary for 
practitioners to consider when assessing PDM who are 
phakic and aphakic based on the studies discussed in the 
review article. 

Methodological sources of variations were identified in the 
studies included in this review. Different instrumentation and 
techniques, methods of data analysis, and population types and 
representativeness may be attributed to variation in findings. 

Limitations of the present review and 
previous studies
Limitation of the current review is that only literature 
reported in the English language was reviewed; articles 
reported in other languages were not reviewed. Secondly, 
only peer-reviewed electronic journal publications were 
reviewed; grey literature was omitted. The most significant 
limitation of the present review is that no study was found on 
aphakic PDM.

The eligibility criteria that are vital in understanding the 
studied sample and interpreting and assessing the study 
validity were not indicated in some studies. The majority of 
the studies did not detail their sampling strategies and how 
sample sizes were derived, whilst some studies used small 
sample sizes with a consequently low statistical power. Mean 
glycaemic values were not stated in some studies. Few 
studies have been conducted on aphakic PDM, and there is a 
significant paucity of studies on pseudophakic PDM.

Recommendations for future studies
A study of the mechanism involved between BGL and 
refractive error in PDM is necessary. More studies with 
random sampling and larger sample sizes would yield more 
conclusive results. More studies are to be conducted on 
pseudophakic and aphakic PDM on vision. To enable 
reproducibility of a study by other researchers, authors 
should detail adequately all testing protocols. As there were 
conflicting reports on the nature of refraction in phakic PDM, 
more research is to be conducted. More studies are to be 
conducted on phakic, aphakic and pseudophakic PDM; 

TABLE 5: Effect of glycaemic changes on visual acuity in people with diabetes mellitus.
Study N Diabetic status Ocular status Chart p Outcome 

Hypoglycaemic changes
Okamoto et al.18 28 T1 DM T2 DM Phakic N/A < 0.05* ↓Acuity
Guisti et al.19 20 T1 DM T2 DM Phakic ETDRS > 0.05 No valid observation
Hyperglycaemic changes
Stavrou et al.34 44 T2 DM Phakic Bailey-Lovie Chart < 0.014* ↓Acuity
Wiemer et al.6 5 Non-diabetics Phakic Snellen < 0.05* ↓Acuity
Noticewala et al.35 114 T1 DM T2 DM Phakic Snellen < 0.05* ↓Acuity
Jurangal et al.37 50 T1 DM T2 DM Phakic Snellen < 0.001* ↓Acuity
Jurangal et al.37 452 T1 DM Phakic Snellen < 0.01* ↓Acuity

N/A, not available; ETDRS, early treatment diabetic retinopathy study.
*, Statistically significant observation.
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T1 DM and T2 DM; refractive error, CCT, corneal curvature, 
CS and VA.

Conclusion
In spite of the lack of recent evidence on pseudophakic 
PDM, rise in BGL in chronic PDM causes myopia in phakic 
PDM, whilst in aphakic PDM, it causes hyperopic shift 
in refraction. Conversely, hypoglycaemia causes myopic 
shift in refraction in newly diagnosed phakic PDM. The 
underlying mechanism governing the relationship between 
BGL and refractive error is not yet fully understood. In 
aphakic PDM, it has not been concluded whether refractive 
error changes seen are because of changes in the posterior 
corneal power, posterior capsular or refractive index of 
aqueous humour and axial length.

There are no significant changes in the overall anterior 
corneal curvature before and after glycaemic control in 
phakic PDM; however, the flattest corneal meridian 
showed significant changes. When taking history of PDM, 
it seems vital to know BGL before eye examination, as the 
latency of acute changes appears to be short, being in order 
of minutes.

Contrast sensitivity is a useful tool in detecting incipient 
diabetic retinopathy changes in PDM as compared to non-
diabetics, whilst VA is unable to do so. This shows that in 
PDM, if incipient DR is present, CS can determine whether a 
functional deficit is present or absent. Therefore, CS and VA 
should be administered together as part of routine examination, 
as it is more likely to show early functional deficits that cannot 
be detected on fundus examination and VA, especially in those 
who have not been diagnosed with DM.

It should be clearly understood that high BGL induces 
transient myopia and hyperopia in chronic phakic PDM 
and aphakic PDM, respectively, whilst in newly diagnosed 
phakic PDM, hyperopia is noted. Transient refractive 
changes are more dependent on the value of BGL; therefore, 
it is imperative to postpone all refractive procedures till 
the normalisation of glucose level. No study has been 
conducted on the effect of glycaemic changes on vision in 
pseudophakic PDM.
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