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Purpose: The effects of diabetes mellitus (DM) on visual function have been extensively studied. Fewer studies evaluate the effect of
visual function on DM, and previous small studies have shown mixed results concerning the relationship between glycated hemoglobin
(HbAlc) and cataract surgery. We performed a retrospective, observational, single-site study at a Veterans hospital to evaluate this
relationship and the relationship between HbAlc and non-surgical eye care.

Patients and Methods: We compared pre- and post-operative/examination HbAlc in 431 surgical and 431 matched, non-surgical
subjects who underwent eye examination at the same institution. Subgroup analysis was performed by age, elevated (=8) pre-operative
/examination HbAlc, and change in diabetic management. We also assessed for a relationship between changes in best-corrected
visual acuity (BCVA) and HbAlc. The Minneapolis Veterans Affairs Health Care System Research Administration determined this
study to be Institutional Review Board exempt from the requirements of 38 CFR 16 under Category 4 (iii).

Results: Pairwise comparison of pre- versus post-operative HbAlc trended towards reduction at 3—6 months in all surgical subjects,
with a statistically significant reduction in older subjects, and those with higher pre-operative HbAlc. Eye examination subjects
experienced a significant HbAlc reduction 3—6 months after eye examination. Reduction in post-operative/examination HbAlc was
associated with concurrent change in diabetic management.

Conclusion: We found an overall reduction in HbAlc in diabetic Veterans who interacted with an ophthalmologist, whether for
cataract surgery or eye examination. HbAlc reduction was greatest when ophthalmic care was delivered as part of a multidisciplinary
care team. Our findings add new evidence to further support the importance of ophthalmic care in patients with DM and suggest
improved visual function may facilitate improved glycemic control.
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Introduction

The prevalence of diabetes mellitus (DM) disproportionately affects United States Veterans with nearly double the
prevalence of DM in the Veteran (25%) versus national (10%) population.' This situation can be expected to worsen as
the prevalence of DM nationwide has been increasing and is predicted to continue to increase.”” Additionally, popula-
tion-based measures show recent worsening of glycemic control. National Health and Nutrition Examination Survey data
analysis shows that the percentage of DM patients with a glycated hemoglobin (HbAlc) <7.0% decreased nearly 7%
from 2007-2010 to 2015-2018.* The effects of poor glycemic control on worsening visual function, such as accelerated
cataract formation and diabetic retinopathy, have been well studied.® The converse also may be true, with impaired visual
function leading to suboptimal glycemic control in DM through several potential mechanisms: limiting physical activity,
impeding medication administration, and/or affecting other lifestyle factors.” While it is standard of care to include
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ophthalmology as part of the multidisciplinary management of DM to prevent systemic disease from affecting visual
function, it is not known whether improving visual function benefits systemic disease control.

One way to evaluate the potential effect of visual impairment on glycemic control is to compare HbAlc levels before
and after cataract surgery, a procedure which typically improves visual function quickly and dramatically.® Prior small
studies examining changes in HbAlc levels after cataract surgery in patients with DM have shown mixed results. One
study of 28 subjects showed a significant reduction in HbAlc by 0.45% at 4 months post-operatively with greater
reduction in younger patients and those with higher pre-operative HbAlc levels,” but a second study with 24 subjects
showed no significant change in HbAlc at 7 months.® To address the controversy raised by these dissimilar findings in
small studies, we performed a retrospective, observational study using a much larger cohort to evaluate changes in
HbA 1c after cataract surgery at a single Veterans Affairs hospital.

Additionally, we hypothesized that nonsurgical eye care may be associated with changes in HbAlc. To test this hypothesis
and compare changes in HbAlc with surgical versus non-surgical eye care we developed an age, sex, and baseline HbAlc-
matched cohort with eye examination at the same Veterans Affairs hospital. The aim of our study is to assess whether
receiving cataract surgery or non-surgical eye care is associated with changes in glycemic control as measured by HbAlc. We
also investigated whether concurrent changes in diabetes management occurred in our study cohorts.

Materials and Methods
Data Acquisition

We performed a retrospective chart review utilizing the Veterans Affairs Informatics and Computing Infrastructure to
query data from the Veterans Health Administration’s Corporate Data Warehouse.”'® The Minneapolis Veterans Affairs
Health Care System Research Administration determined this study to be Institutional Review Board exempt from the
requirements of 38 CFR 16 under Category 4 (iii). This research adhered to the tenets of the Declaration of Helsinki.

Cataract Surgery Cohort

We evaluated all patients who underwent first eye cataract surgery from January 1, 2015 to December 31, 2019 at the
Minneapolis Veterans Affairs Health Care System (MVAHCS) with HbAlc drawn both 0-90 days (0—3 months) prior to
and 90-180 days (3—6 months) after cataract surgery. We classified patients as having a pre-operative diabetes mellitus
diagnosis if they had International Classification of Disease (ICD)-9 (250.x) or ICD-10 (E10.x — E14.x) diabetes mellitus
diagnosis codes associated with at least 1 hospitalization based on discharge diagnoses or at least 2 outpatient visits prior
to cataract surgery.'' If available, we also recorded HbAlc 690-780 days (2 years) after cataract surgery. The primary
outcome measure was the difference in HbAlc before and 3—6 months after cataract surgery for all surgical subjects.
Since Bar-Oz et al found greater reductions in HbA l¢ for younger subjects and those with pre-operative HbAlc >8.0%,’
we performed prespecified subgroup analyses by the mean age (71 years) of subjects in our study population and in those
with a pre-operative HbAlc > 8.0%. The subgroups of pre-operative HbAlc >8.0% and division by mean age were
selected prior to analysis of data.

Visual Acuity Measurement

Pre-operative and 1-2-month post-operative best corrected visual acuity (BCVA) was recorded for the cataract surgery
cohort. Clinically significant improvement in BCVA was defined as an improvement of >0.2 units on the logarithm of the
Minimum Angle of Resolution (logMAR) scale.'> BCVA improvement of >0.2 logMar units corresponds to at least 2
Snellen lines. BCVA reported as “counting fingers” and “hand motion” was converted to 20/1500 and 20/4000,
respectively.'

Eye Examination Cohort

Non-surgical subjects were matched by age, sex, and pre-examination HbAlc. These subjects also presented to the eye
clinic at the MVAHCS from January 1, 2015 to December 31, 2019 and had HbA ¢ measured 0—3 months prior to and 3—6
months after their eye clinic visit, but were phakic bilaterally at presentation and did not undergo cataract extraction prior to
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the date of their 3-6 month post-examination HbAlc. A variance of + 0.02% was accepted for matching of the pre-
examination HbAlc, and a variance of +1 year of age was accepted for age matching.

Determination of Change in Diabetic Management

To account for other variables that may influence changes in HbAlc the subjects from the cataract surgery and eye
examination cohorts were subdivided depending upon whether they underwent any change in diabetic management from
3 months prior to surgery or eye examination to 3 months prior to the post-operative/examination HbA 1c date. Any of the
following constituted a change in diabetic management: addition of a new glycemic medication, increased dose of
a current glycemic medication, changing the class of glycemic medication, or participating in an initial consultation with
a dietician, diabetes case manager, or physician related to DM care. These non-pharmaceutical interventions have been
found to have comparable impacts on lowering HbAlc to diabetic medications.'*"'” Subjects were excluded from the
change in diabetic management analysis if their diabetic management was not available in the electronic medical record.

Statistical Analysis

HbA1c before and after cataract surgery or eye examination was compared using a paired, two-tailed Student’s #-test.
Statistical significance was set at a = 0.05, with the Holm-Bonferroni method used to adjust for multiple comparisons.
BCVA was converted from Snellen visual acuity to the logMAR scale for statistical analysis. Correlations between the
pre- and post-operative changes in BCVA and HbAlc were analyzed with Pearson’s coefficient. All statistical analyses

were performed in SPSS v.25.

Results

Cataract Surgery Cohort

Of the 4058 patients undergoing cataract surgery during the study period at the MVAHCS, 1645 patients (41%) had
a pre-operative diagnosis of diabetes mellitus based on ICD coding, and 431 subjects met our study inclusion criteria for
pre-operative and post-operative HbA1c timing. The mean (median) age of the cataract surgery cohort with pre-operative
and 3-6 month post-operative HbAlc measurements was 71.8 (71) years, and 419 (97%) were male. Pairwise
comparison of pre- and post-operative HbAlc showed a trend toward HbAlc reduction at 3—6 months (7.68% to
7.56%, P = 0.063), with a significant HbA 1c reduction in older subjects (7.62% to 7.39%, P = 0.004) and those with pre-
operative HbAlc >8.0% (9.24% to 8.59%, P < 0.001) (Table 1 and Figure 1).

To test whether cataract surgery had a prolonged effect on glycemic control, we evaluated the 155 subjects (36%) in
the cataract surgery cohort with HbAlc recorded 2 years after cataract surgery (Table 2 and Figure 1). We found
a reduction in the 2-year post-operative HbAlc (7.96% to 7.69%, P = 0.047) that did not reach significance after Holm-
Bonferroni correction in this group, with a significant reduction in those with pre-operative HbAlc >8.0% (9.45% to
8.35%, P < 0.001).

Change in Visual Acuity

As anticipated, the cataract surgery cohort had post-operative improvement in BCVA: the mean post-operative change in
BCVA was —0.328 logMAR with a standard deviation of 0.40. We evaluated whether 3—6 month post-surgical HbAlc
reduction was associated with visual acuity improvement by comparing the HbAlc change in cataract surgery subjects
with and without post-operative BCVA improvement of > 0.2 logMAR, or at least 2 lines of improvement on Snellen
visual acuity. Contrary to our hypothesis that visual improvement would be associated with improved glycemic control,
there was minimal reduction in mean HbAlc (—0.02%) in the 271 subjects with post-operative BCVA improvement > 0.2
logMAR, and the 155 subjects without this amount of post-operative BCVA improvement had a larger reduction in mean
HbAlc (—0.29%). Additionally, we found no linear correlation between the change in BCVA and the change in HbAlc
(Pearson’s r = 0.001).
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Table | Change in HbAlc! 3-6 Months After Cataract Surgery

Group (N) Reduced HbAlc | Mean (SD) HbAIlc | Mean (SD) HbAIc Change in Paired, Two-
After Surgery, 0-3 Months Pre- 3-6 Months Post- mean HbAIc Tailed t-test
No* (%) Operative Operative After Surgery p-value
All surgical subjects (431) 241 (56) 7.68 (1.56) 7.56 (1.51) —0.12 0.063
Pre-operative HbAlc >8.0% (169) 111 (66) 9.24 (1.23) 8.59 (1.34) —0.65 1.19x 1075
Age >71 (219) 140 (64) 7.62 (1.58) 7.39 (1.29) -0.23 3.70x1073*
Age <71 (212) 121 (57) 7.74 (1.53) 7.75 (1.70) 0.01 0.91

Notes: 'Glycated Hemoglobin, *Number. *Denotes significance at o = 0.05 level after Holm-Bonferroni correction.
Abbreviations: %, percentage; N, Number of Subjects; SD, Standard Deviation.

Eye Examination Cohort

To evaluate whether the 3—6 month post-surgical HbA 1c reduction is specific to cataract surgery or is found more broadly
in patients receiving ophthalmic care, we established an age, sex, and baseline HbA1c-matched eye examination cohort
consisting of patients with HbA 1¢ measurements recorded 0-3 months prior to and 3—6 months after eye examination at
the same institution. In this matched cohort, we found a significant reduction in HbAlc of 0.20% (7.70% to 7.50%, P <
0.001) 3—6 months after eye examination (Table 3 and Figure 1). Like the cataract surgery cohort, the eye examination
cohort with baseline HbAlc >8.0% had a larger reduction in HbAlc (9.23% to 8.45%, P < 0.001). However, HbAlc
change by age differed between the surgical and eye-examination cohorts. In the eye examination cohort, patients <71
years of age had a significant reduction in HbAlc 3—6 months after eye examination (7.84% to 7.49%, P < 0.001) but
there was no significant HbAlc change in older patients.

Determination of Change in Diabetic Management

Lastly, we reviewed the medical records of the cataract surgery and eye examination subjects to assess for changes in DM
management. In the cataract surgery cohort, 311 subjects (72%) received DM care at the MVAHCS, and 104 of these
subjects (33%) had a documented change in diabetic management. In the eye examination cohort, 310 subjects (72%)
received DM care at the MVAHCS, and 122 of these subjects (39%) had a documented change in diabetic management.

8.2

7.8

7.6 { I

7.4

HbAlc

7.2

3-6 Months Post-Operative  3-6 Months Post-Examination 2 Years Post-Operative

Figure | Mean pre- (dark grey) vs post- (light grey) operative/examination glycated hemoglobin (HbAlc).
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Table 2 Change in HbAlc! 2 Years After Cataract Surgery

Group (N) Reduced HbAlc | Mean (SD) HbAIc Mean (SD) Change in Mean | Paired, Two-
After Surgery, 0-3 Months Pre- HbAIc 2 Years HbAIc After Tailed t-test
No* (%) Operative Post-Operative Surgery p-value
All surgical subjects (155) 89 (57) 7.96 (1.60) 7.69 (1.45) —-0.27 0.047
Pre-operative HbAlc >8.0% (63) 53 (84) 9.45 (1.37) 8.35 (1.36) -1 2.40x10>*
Age >71 (64) 38 (59) 8.06 (1.63) 7.70 (1.29) —0.36 0.058
Age <71 (77) 37 (48) 7.85 (1.45) 7.75 (1.64) —0.1 0.67
Notes: 'Glycated Hemoglobin, *Number. *Denotes significance at o = 0.05 level after Holm-Bonferroni correction.
Abbreviations: %, Percentage; N, Number of Subjects; SD, Standard Deviation.
Table 3 Change in HbAlct 3-6 Months After Eye Examination
Group (N) Reduced HbAlc | Mean (SD) HbAlc 0-3 | Mean (SD) HbAIc 3- Change in Paired,
After Eye Months Prior to Eye 6 Months After Eye Mean HbAlc | Two-Tailed
Examination, Examination Examination After Eye t-test
No* (%) Examination p-value
Eye examination subjects (431) 238 (55) 7.70 (1.58) 7.50 (1.50) —-0.20 3.65x10 **
Pre-exam HbAlc >8.0% (170) 121 (71) 9.23 (1.22) 8.45 (1.39) —-0.78 1.93x10™'"*
Age >71 (242) 120 (50) 7.59 (1.50) 7.50 (1.40) —-0.09 0.23
Age <71 (189) 117 (62) 7.84 (1.68) 7.49 (1.55) —0.35 5.89x10 %

Notes: 'Glycated Hemoglobin, *Number. *Denotes significance at a = 0.05 level after Holm-Bonferroni correction.
Abbreviations: %, Percentage; N, Number of Subjects; SD, Standard Deviation.

In both cohorts, significant mean HbAlc reduction occurred in subjects with diabetic management change(s) (Table 4).

Patients with no change in DM management had lower mean baseline HbAlc, and in these patients we found a small

increase in HbAlc at 3—6 months in the surgery group (7.13% to 7.35%, P = 0.006) that did not reach significance after

Holm-Bonferroni correction and no significant change in HbAlc in the eye examination group (7.08% to 7.10%,

P = 0.58).

Table 4 Change in HbAlc 3-6 Months After Cataract Surgery or Eye Examination in Subjects with and without Changes in Diabetic

Management

Group (N) Mean (SD) HbAlc 0- | Mean (SD) HbAlc 3- | Mean Change in Paired, Two-Tailed
3 Months 6 Months HbAIc t-test p-value
Pre-Operative Post-Operative

Surgical subjects w/ change (104) 8.89 (1.64) 8.28 (1.40) —0.61 2.61x107%*
Surgical subjects w/out change (207) 7.13 (1.31) 7.35 (1.61) +0.22 5.90x10°3
Surgical subjects w/out change and pre-op 8.95 (1.18) 8.72 (1.64) -0.23 0.305
HbAlc >8 (41)
Examination subjects w/ change (122) 8.71 (1.54) 8.0 (1.49) -0.71 5.26x10 %
Examination subjects w/out change (188) 7.08 (1.34) 7.1 (1.37) +0.02 0.580

Notes: TGlycated Hemoglobin. *Denotes significance at o = 0.05 level after Holm-Bonferroni correction.

Abbreviations: N, Number of Subjects; SD, Standard Deviation.
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Discussion

Our study found improved HbA1c after cataract surgery, with significant HbA 1c reductions 3—6 months after surgery in
older subjects and those with higher pre-operative HbAlc values. Additionally, we found significant HbAlc reduction 2
years after cataract surgery in those with higher pre-operative HbAlc values. No subgroup in our study had significantly
increased HbAlc, suggesting that cataract surgery will not thwart previously well-controlled DM. While it is critical to
appropriately manage certain ophthalmic sequelae of DM such as iris/angle neovascularization, macular edema, or
retinopathy prior to cataract surgery and to discuss the slightly higher operative complication rates in patients with DM,
elevated HbA lc alone is not a contraindication to pursuing cataract surgery, and in fact, our findings support the idea that
cataract surgery may be associated with improved glycemic control.

However, while surgical subjects experienced an overall improvement in both BCVA and HbAlc, we did not find
a correlation between the two variables. This finding suggests that either vision improvement is not directly related to
improved HbA I¢ or our BCVA analysis incompletely assesses visual function.'® A prior study found that cataract surgery
is associated with improved quality of life,?® and other studies have shown that improved quality of life is associated with
better glycemic control.?’?* These associations may explain the relationship between improved visual function and
improved glycemic control; however, additional studies that more completely assess pre- and post-operative visual
function beyond BCVA and determine the potential relationship between visual function and HbAlc after cataract
surgery would be needed to support or refute this hypothesis.

In contrast to the two previously published studies evaluating HbAlc after cataract surgery,”® our study also
examined a non-surgical, eye examination group. The non-surgical group also experienced reduction in HbAlc 3-6
months after ophthalmic care. Our 2015-2019 study period overlaps the 2015-2018 time frame when national trends
showed population-based increases in HbAlc,* so the HbAlc reduction in both surgical and eye examination groups in
our study contrasts with national HbAlc trends.

One possible explanation for our data conflicting with national trends is that patients with DM who are seeing an
ophthalmologist with a recently drawn HbAlc are more likely to be managed by a multidisciplinary care team. Our
study’s finding of the greatest HbAlc reduction in patients who participated in an initial consultation with a dietician,
diabetes case manager, or physician related to DM care, with equivalent HbA1c reductions in surgical and non-surgical
groups, supports the importance of such a multidisciplinary approach. Perhaps, differences in multidisciplinary care
account for our study showing postoperative HbAlc improvement, a finding consistent with the study conducted by Bar-
Oz et al’ and discordant with the study performed by Ayaki et al.®

Another possible explanation for overall improvement in HbAlc in our surgical and eye examination cohorts is that
patients may be motivated to better control other aspects of their health after taking action to improve their sight. Future
prospective studies exploring whether improved connection with a multidisciplinary care team, improved quality of life,
and/or improved visual function after interacting with ophthalmologists leads to HbAlc improvement may be instructive.

Study limitations include the male predominance and integrated health-care system utilization of our study popula-
tion, which may limit generalizability of our study results. However, these features are consistent with the United States
Veteran population undergoing cataract surgery.> Additionally, a limitation inherent in the retrospective study design is
that only subjects with HbA 1c measurements at designated times were included in the study: we did not assess HbAlc in
diabetic patients undergoing cataract surgery who did not have both pre-operative and 3—6 month post-operative HbAlc
measurements, and our 2-year post-operative assessment was limited by attrition. However, one advantage of our
retrospective study is that it provides real-world assessment of HbAlc change in the setting of cataract surgery, with
less potential for Hawthorne effect-related bias.*®

Conclusion

In conclusion, our study found the largest reductions in HbA 1¢ when subjects received surgical and non-surgical ophthalmic
care as part of a multidisciplinary care team. These findings add new evidence supporting the value of ophthalmology in DM
care: in addition to preventing systemic disease from affecting sight, timely surgical and non-surgical ophthalmic care,
incorporated with multidisciplinary diabetic care, may also facilitate better systemic disease control.
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