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ABSTRACT

*This work has been published
under CC BY-NC-SA 4.0 license. :  Background and Objectives: Evaluation of changes in refractive errors and biometric parameters
:  inthe process of glycemic control in people with type 2 diabetes during three-month treatment.

Article info: Methods: Patients with the first diagnosis of type 2 diabetes or a history of poor glycemic control
Received: 13 Aug 2022 (hemoglobin glycate more than 7.5%) and without any systemic disease other than diabetes were
included. Hemoglobin glycate, refractive error, and biometric parameters were evaluated before
treatment and one and a half and three months after treatment, and their changes were examined by
generalized estimating equation (GEE) analysis.
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Results: A total of 60 eyes of 30 patients with a mean age of 51.63+6.79 years were evaluated.
Hemoglobin glycate decreased by an average of 1.028% compared to the baseline measurement in
the third month (P<0.001). Mean spherical (P=0.554), spherical equivalent (P=0.340), axial length
(P=0.147), and anterior chamber depth (P=0.336) did not show a significant difference between the
three examinations. In contrast, the lens thickness showed a significant decrease during treatment
(P=0.001). Finally, generalized estimating equation (GEE) analysis showed that a 1% decrease in
hemoglobin glycate increased by 0.226 mm. (P=0.002) in the axial length. It should be mentioned
in tables FUlmeans Follow-up 1.5 months and FU2 means Follow-up 3 months.
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f What is “already known” in this topic:

—» What this article adds:

Refractive error changes along with blood sugar variations are findings that have been mentioned in various
studies. However, the results of different studies are sometimes contradictory.

A one-unit decrease in HbAIc from a baseline level of 7.5 does not cause a significant change in refractive error.
This amount of change in HbAIc increases the axial length.

Introduction:

ccording to the International Diabetes Fed-
eration in 2017, 451 million people world-
wide had diabetes, and this number is pro-
jected to reach 693 million by 2045 [1].
Diabetes is the most common endocrine
disease in countries; [2] and hyperglycemia is an essen-
tial feature, and a risk factor for its formation; [3] hemo-
globin glycate is the most valid laboratory test to assess
blood sugar [4]. Acute and chronic changes in blood
sugar cause changes in the structure of the eye, such as
fluctuations in near and far vision and ocular biometric
parameters [5, 6]. It is essential to be aware of the current
situation and predict possible changes in the individual’s
treatment path in making decisions about the possibility
of making changes in the individual’s optical correction.

Various studies have been performed to evaluate the
refractive error in people with diabetes compared to
normal people [5, 7, 8] and its changes after being in
the process of hypoglycemia [9-11] so that the common
finding of them is Myopia shift in people with uncon-
trolled blood sugar [12] and hyperopic shift after being
in the process of hypoglycemia [10]. However, some-
times the opposite results have been presented in studies;
among them, it is possible to mention the slight shift of
hyperopia after transient hyperglycemia, [13] no change
in refraction during blood sugar fluctuation, [14, 15] and
myopic shift during hyperglycemia reduction [16].

A set of biometric factors, such as axial length, corneal
power, and crystalline thickness of the lens, along with
the refractive index of the cornea, lens, aqueous humor,
and vitreous, determine the refractive error of the eye,
[17] therefore any change in these parameters due to
reduced blood sugar may cause changes in the refrac-
tive error changes in the eyes of people with diabetes.
Among the most critical changes in biometric param-

eters while changes in blood sugar are changes in the
structure and dimensions of the crystalline lens, [18]
whose related changes in blood sugar are controversial
[19]. Axial length is also considered to be an essential
component associated with refractive error changes and
diabetic retinopathy [20].

In the present study, while examining a group of people
with hemoglobin glycate of more than 7.5%, the changes
in biometric parameters, the components of refractive er-
ror, and the relationship between them with blood sugar
reduction are evaluated.

Materials and Methods
Participants

The present study was conducted at the Iran University
of Medical Sciences in 2020. People with the first diag-
nosis of type 2 diabetes or a history of poor blood sugar
control were evaluated. In addition, the inclusion criteria
included having hemoglobin glycate of more than 7.5%
and the absence of any ocular and systemic diseases, in-
cluding abnormal retinal and corneal manifestations, eye
pressure of more than 21 mm Hg, hypertension, hyper-
lipidemia, anemia, history of any eye surgery, and long-
term use of systemic and topical steroids.

Examinations

People with hemoglobin glycate of more than seven
and a half were referred to the optometry department for
evaluation and eye examinations by an internal medicine
specialist. Eye examinations of the anterior and posterior
segments were performed using a slit lamp (Haag-Streit
corp., Switzerland) with a 90-diopter Volk lens to evalu-
ate the presence criteria.

For patients who met the inclusion criteria, refraction
and biometrics were recorded from both eyes. First, un-
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corrected visual acuity was recorded by the Snllen chart
with logMAR criteria. Then, objective refraction was
performed by Tono ref 2 (Autoref/Kerato/Tonometer)
Nidek, Japan, and the results were confirmed by a retino-
scope (Heine Beta 200, Heine Optotechnik, Germany).
It should be noted that spherical components, spherical
equivalents, and JO and J45 parameters were recorded
based on objective values. In the next step, ocular bio-
metric evaluation was performed by IOLMaster 700
(Carl Zeiss Meditec, Jena, Germany), and the parameters
of axial length, anterior chamber depth, and crystalline
lens thickness were measured, and biometric and refrac-
tion data sets were analyzed.

The process of treatment and reduction of blood sugar
was started under the supervision of an internal medicine
specialist, and all the above measurements were record-
ed along with hemoglobin glycated level after one and a
half and three months from the beginning of the process
of treatment of hypoglycemia; finally, statistical analy-
sis was performed on the findings after recording all the
information. It should be noted that all measurements in
each examination were performed on the same day as the
measurement of hemoglobin glycate.

Statistical analysis

The present study presents descriptive information, in-
cluding Mean+SD, and 95% confidence interval for all
parameters.

Vector analysis to examine the change in astigmatism
considering (S [sphere], C [cylinder], o [axis]) and cal-
culating J0=-(C/2)xcos(2a), J45=-(C/2) sin(2a) and
SE=S+C/2 were performed [20].

Analytical analysis was performed after examining
the normality of data distribution by the Kolmogorov-
Smirnov test. The mean differences of each parameter in
the three examinations were checked by repeated-mea-
sures analysis of variance (ANOVA), and if the differ-
ence was significant, pair-wise differences were evalu-
ated by Bonferroni correction. Due to the correlation

Table 1. Hemoglobin glycated in each examination
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of data between the two eyes, to analyze the relation-
ship between changes in each parameter while changes
in blood sugar between the three examinations during
blood sugar control were examined by generalized esti-
mating equation (GEE) analysis. It should be noted that
all statistical analyzes were performed by SPSS soft-
ware, version 25 (IBM corporation, Armonk, N.Y.) at a
significant level of 5%.

Results

In the present study, 60 eyes of 30 patients with a
Mean£SD age of 51.6346.79 years (25 to 60 years) were
evaluated so that the number of people in both gender
groups was equal.

Based on the information in Table 1, which shows the
amount of hemoglobin glycate measured in each exami-
nation, it can be seen that this parameter has decreased
by an average of 1.028% compared to the baseline mea-
surement in the third month (P<0.001). The process of
lowering blood sugar was such that hemoglobin glycated
levels were different from each other in the first and sec-
ond examinations (P<0.001), first and third (P<0.001),
and second and third (P=0.003). It should be mentioned
in tables FUlmeans Follow-up 1.5 months and FU2
means Follow-up 3 months.

ANOVA with repeated measures showed no difference
between spherical and spherical mean in three exami-
nations (all, P>0.05) so that the spherical equivalent in
the three examinations was -0.20+-1.55, -0.25+-1.55,
and -0.25+-1.54 diopters, respectively (P=0.340). Also,
despite the difference in the numerical value of the pa-
rameters JO (P=0.143) and J45 (P=0.910) in each exami-
nation, this discrepancy was not statistically significant
(P>0.05), Table 2 presents these data.

Among the studied biometric parameters (Table 2),
only the average thickness of the crystalline lens was dif-
ferent between the three examinations (P=0.001) so that
pair-wise evaluation showed the difference in the crys-
talline lens thickness between the first and third exami-

Parameters Base FU1 FU2 P*
MeanzSD 8.82+1.31 8.10+1.01 7.79+0.98
HbAlc <0.001
Range 5.22 4.34 5.08

*Repeated measure ANOVA; P<0.05 considered significant.

HbAlc: Hemoglobin Alc.
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Table 2. Refractive error and biometric information in each examination

Parameters Base FU1 FU2 P*
Mean+SD 0.20+1.53 0.20+1.54 0.17+1.54
Sphere 0.554
Range 8.00 7.50 5.25
Mean+SD -0.24£1.55 -0.25£1.55 -0.25+1.54
SE 0.340
Range 7.75 7.38 7.25
Mean+SD 0.02+0.04 0.08+0.41 -0.01+0.38
i[0] 0.143
Range -0.07+0.10 -0.02+0.19 -0.10+0.09
Mean+SD 0.02+0.42 0.01+0.38 -0.01+0.39
145 0.910
Range -0.09+0.12 -0.09+0.10 -0.10+0.95
Mean+SD 23.22+0.99 23.21+0.99 23.22+0.99
AL 0.147
Range 4.58 4.58 4.60
Mean+SD 4.24+0.31 4.25+0.31 4.1610.28
LT 0.001
Range 0.31 0.31 0.28
MeantSD 2.67+0.45 2.62+0.35 2.62+0.35
ACD 0.336
Range 2.62 1.65 1.60

SE: Spherical equivalents; AL: Axial length; LT: Lens thickness; ACD: Anterior chamber depth;

*Repeated measure ANOVA; P<0.05 considered significant.

nations (P=0.009, MD=+0.52 mm) and between the sec- Finally, GEE analysis showed that among all the stud-
ond and third examination (P=0.005, MD=+0.64 mm). ied parameters (Table 3), the axial length of the eyeball
The evaluation of mean values of axial length param- changed while lowering blood sugar. In fact, despite
eters (P=0.147) and anterior chamber depth (P=0.336) the lack of difference in the mean axial length in the
did not differ significantly between the three evaluations. three examinations (P=0.147), a 1% decrease in hemo-

globin glycate increased the axial length by 0.226 mm
(P=0.002); GEE analysis showed no significant relation-

Table 3. Generalized estimating equation (GEE) analysis results

Response Parameter B P

Sphere HbAlc 0.105 0.437
SE HbAlc 0.105 0.447

J0 HbAlc 0.015 0.532

145 HbAlc 0.018 0.563

AL HbAlc -0.226 0.002

LT HbAlc -0.005 0.848
ACD HbAlc -0.039 0.103

SE: Spherical equivalents; AL: Axial length; LT: Lens thickness; ACD: Anterior chamber depth.

P<0.05 considered significant.
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ship between changes in other parameters, including re-
fractive error components, lens thickness, and anterior
chamber depth with glycemic control (all, P>0.05).

Discussion

Being on the path of lowering blood sugar is the crucial
action after the diagnosis of diabetes, which is one of the
unwanted side effects in some people; [10] therefore it is
recommended to avoid any optical prescription in con-
ditions where the blood sugar level is abnormally high
or low [12]. Now the answer to how long to wait after
treatment is to record the stability of refractive changes
is clinically significant.

The present study results show no change in the spheri-
cal, cylindrical, and spherical equivalent and a 1% de-
crease in hemoglobin glycate within three months after
the start of diabetic treatment. The exact mechanism of
refractive error changes in blood glucose changes has not
yet been elucidated well. However, some previous stud-
ies have shown that severe and sudden glycemic decrease
leads to hyperopic shifts in refraction [9, 11]. Peak shift
in hyperopia has been observed in different studies on the
seventh day (Li et al.), [21] tenth day (Okamoto et al.),
[10] between 7 to 14 days (Saito et al.), [22] and finally on
the seventeenth day (Lin et al.) [9] after starting treatment.

The hyperopic shift created in the process of glycemic
control gradually decreases, and returning to baseline
level has also been mentioned in different studies, such as
in the study of Li et al. This time was in two to four weeks
after starting treatment [21] and Okamoto et al.” study re-
ported 14 to 84 days after the initial evaluation. [10].

The set of results of the mentioned studies along with
the results of the present study can be interpreted as one
of the reasons for the lack of difference in refractive er-
ror values observed between the baseline and the first
examination, due to the time difference of one and a half
months between the two examinations. Therefore, the
created hyperopic shift will be expected to return to the
base level from this period. It has also been shown a di-
rect relationship between the rate of maximal hyperopic
shift and the timing of peak changes since the start of
glycemic control treatment [10].

On the other hand, the blood sugar level of the evalu-
ated individuals also affected the observed results so that
Ebeigbe found that the transient refractive error changes
in newly diagnosed diabetic patients depended on blood
glucose levels [23]. The mean of hemoglobin glycate in
the pre-treatment evaluation and the maximum changes
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in refraction in the study of Li et al. was 12.20+1.50%
and 1.6 diopters of hyperopic shift, respectively [21]. In
Okamoto et al., it was equal to 11.90+2.8% and 1.47 di-
opters of hyperopic shift [10] and in the present study, it
was equal to 8.82+1.31% without refractive error chang-
es. According to the above, it can be concluded that the
lower blood sugar level of the subjects in the present
study compared to other studies is also one of the com-
pelling reasons for not observing changes in refractive
error in the examination before and after the person’s
presence in the process of reduction of blood sugar.

Therefore, it is predictable that even if you do not know
the status of the refractive error line, you can know the
amount of hemoglobin glycate in the person before start-
ing treatment for hypoglycemia, the number of days
elapsed since the start of treatment, and the amount of
decreased blood glucose. Thus, we gained valuable in-
formation about the individual’s condition and decided
on an optical prescription based on pre-treatment data.

Evaluation of biometric parameters in the present
study showed that the average crystal lens thickness in
the third examination is lower than the first and the third
examination than the second. However, the results of
GEE analysis show that the differences observed in this
parameter cannot be directly attributed to the changes in
blood sugar. Decreasing the crystalline lens thickness in
the process of lowering blood sugar is a common find-
ing that has been mentioned in various studies [10, 19].
Besides, Huntjens et al. observed that a 2% short-term
increase in glycated hemoglobin caused a 0.21 mm in-
crease in the crystalline thickness of the lens [24]. How-
ever, in some previous studies, differences in this param-
eter in the treatment process of diabetes [11] and also in
the comparison of people with type 2 diabetes and nor-
mal people [15] were not significant; it may be inferred
that the rate of change in hemoglobin glycated was the
cause of the observed difference in crystalline lens thick-
ness changes in the process of glycemic control.

Also, the results of the present study showed no change
in the average anterior chamber depth while reducing
blood sugar. Lack of difference in the depth of the ante-
rior chamber of the eyeball while lowering blood sugar
is a common finding reported in various studies. [10, 25]
However, in their study, Kocaturk et al. found that the
average anterior chamber depth in the right eye of people
with uncontrolled type 2 diabetes was lower than in nor-
mal people; this difference was not observed in the left
eye of the same individuals [26].

Asharlous A, et al. Ocular Components Changes in Diabetic Patients. Func Disabil J. 2022; 5:E60
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It is commonly accepted that reducing the crystalline
thickness of the lens increases the depth of the anterior
chamber of the eyeball [27]. Therefore, it is expected
that the average thickness of the crystalline lens in the
third month after the start of treatment compared to the
baseline was associated with a greater depth of the an-
terior chamber. Two possible reasons exist for this, the
first reason is that changes in corneal curvature may
have occurred during treatment, neutralizing the effect
of changes in lens thickness on anterior chamber depth,
or that the convexity of the lens may have shifted further
toward the vitreous, which has not affected the depth of
the anterior chamber [28].

The results of the present study show no difference in
the mean axial length of the eyeball measured between
the three examinations. This finding was similarly ob-
served in the studies of Li et al. and Seven et al. [11,
21] However, GEE analysis in the present study shows
a 0.226 mm increase in axial length during a 1% de-
crease in hemoglobin glycate. Utaal et al. observed in
their study that the axial length of the eyeball decreased
with the progression of diabetic retinopathy [25]. Also,
Huntjens et al., in their study, state that the axial length in
the group with uncontrolled blood sugar is less than the
control group, [24] and the results of both studies con-
firm the results of the GEE analysis of the present study.

In their study, Ye et al. observed that the power of crys-
talline lenses in people with type 2 diabetes was higher
than in normal individuals, [19] so that the reduction of
the central refractive index of the crystalline lens is an
influential factor in the hyperopic shift created in the pro-
cess of reducing the blood sugar [29].

Therefore, the reason for the lack of change in the re-
fraction in the findings of this study, despite the change
in axial length, which is one of the most critical compo-
nents determining refractive status, can be interpreted as
reducing the crystalline strength of the lens in the pro-
cess of hypoglycemia, neutralizing the effect of increas-
ing axial length. Therefore, the result did not change the
eye refraction. A 1% reduction in the amount of hemo-
globin glycate cannot change the lens crystal’s central
refractive index and thus the eye’s refractive error.

Conclusion

The present study shows that the refractive and bio-
metric parameters of the eye at one and a half and
three months after the start of diabetes treatment do not
show a significant difference compared to the baseline.
Therefore, the clinical point that can be deduced from
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this study is that in patients who started their diabetes
treatment more than a month and a half ago, it is not
required to delay decision-making about the refraction
and biometric parameters of the eye, and the necessary
examinations can be performed, of course when the pre-
treatment hemoglobin glycate was around 7.5 %.
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