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Validity of the diagnosis of diabetic
microvascular complications in Korean
national health insurance claim data

Hyung Jun Kim*, Moo-Seok Park*, Jee-Eun Kim, Tae-Jin Song

Department of Neurology, Seoul Hospital, Ewha Womans University College of Medicine, Seoul, Korea

Background: There is inadequate information on the validation of diabetic microvascular
complications in the Korean National Health Insurance Service data set. We aimed to validate
the diagnostic algorithms regarding the nephropathy, neuropathy, and retinopathy of diabe-
tes.

Methods: From various secondary and tertiary medical centers, we selected 6,493 patients
aged > 40 years who were diagnosed with diabetic microvascular complications more than
once based on codes in the 10th version of the International Classification of Diseases (ICD-10).
During 2019 and 2020, we randomly selected the diagnoses of 200 patients, 100 from each of
two hospitals. The positive predictive value (PPV), negative predictive value, error rate, sensi-
tivity, and specificity were determined for each diabetic microvascular complication according
to the ICD-10 codes, laboratory findings, diagnostic studies, and treatment procedure codes.
Results: Among the 200 patients who visited the hospital more than once and had the
diagnostic codes of diabetic microvascular complications, 142, 110, and 154 patients were
confirmed to have the gold standard of diabetic nephropathy (PPV, 71.0%), diabetic neurop-
athy (PPV, 55.0%), and diabetic retinopathy (PPV, 77.0%), respectively. The PPV and specificity
of diabetic nephropathy (PPV, 71.0-81.4%; specificity, 10.3-53.4%), diabetic neuropathy (PPV,
55.0-81.3%; specificity, 66.7-76.7%) and diabetic retinopathy (PPV, 77.0-96.6%; specificity, 2.2—
89.1%) increased after combining them with the laboratory findings, diagnostic studies, and
treatment procedures codes. These change trends were observed similarly for both hospitals.
Conclusions: Defining diabetic microvascular complications using ICD-10 codes and their
related examination codes may be a feasible method for studying diabetic complications.
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INTRODUCTION

Diabetes is one of the most important risk factors for devel-
oping cardiovascular disease worldwide.'” The lifespan of
patients with diabetes has been prolonged by the recent
development of therapeutic drugs and advanced treatment
methods.** However, the incidence of chronic microvas-
cular complications in patients with diabetes is increasing,
including nephropathy, neuropathy, and retinopathy.®’
These diabetic microvascular complications are emerging as
an important impediment to determining the prognosis of
patients with diabetes?

Recent nationwide population-based research has ad-
dressed this issue. Nationwide population-based studies
target many different populations, so even when it is diffi-
cult to perform a randomized control trial, new prognoses
and outcome factors related to specific diseases would be
discovered.”"" Nationwide population-based studies can
also provide real-world practice or evidence.'” The National
Health Insurance Service (NHIS) in Korea covers medical
expenses for the entire Korean population. This provides
demographic, diagnostic codes, treatment, procedure, and
medication prescription data about the entire Korean popu-
lation, which are also accessible to the public.”” The present
insurance and population-based study used the Internation-
al Classification of Diseases (ICD) codes to define specific dis-
eases and clinical outcomes.'* However, since the ICD codes
can be considered for a diagnosis even when a disease is
only suspected, it is difficult to accurately confirm whether
an actual disease exists or a specific outcome has occurred.
Validation for defining diseases based on ICD codes is there-
fore essential, since this will objectively evaluate the related
medical research and the exact disease burden. However,
no research has been reported on the validation of diabetic
microvascular complications within the Korean NHIS data
set.

In this study, we aimed to validate the diagnostic algo-
rithms regarding diabetic microvascular complications,
including in diabetic nephropathy, neuropathy, and retinop-
athy.
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MATERIALS AND METHODS

Data sources and study population

Data on discharged patients and outpatient clinic visits were
obtained from Ewha Womans University Seoul Hospital (a
single secondary medical center) and Ewha Womans Uni-
versity Mokdong Hospital (a single tertiary medical center) in
Korea. We selected 6,493 patients aged > 40 years who were
diagnosed with diabetic microvascular complications more
than once based on the Korean Standard Classification of
Disease. These classifications were reorganized from codes
in the 10th version of the ICD (ICD-10) between January
2019 and December 2020. We randomly selected the diag-
noses of 200 patients, 100 from each hospital (Fig. 1). No pa-
tients overlapped between the data of both hospitals. Clin-
ical data for the participants during this period were stored
in the Ewha Womans University Hospital electronic medical
records (EMR) system and were retrospectively extracted
from the hospital case notes. The case notes included infor-
mation on diabetic microvascular complication diagnoses,
medical history, symptom descriptions, neurologic examina-
tion findings, blood laboratory tests, urinary laboratory tests,
nerve conduction studies, electromyography, fundoscopy,
operative recordings, and prescriptions. This study was ap-
proved by the Institutional Review Board of Ewha Womans
University Seoul Hospital (approval number SEUMC 2021-
04-050).

Inclusion and diagnostic criteria

We identified 7,065 patients with diabetic microvascular
complication codes. The excluded patients comprised 572
who had only visited the hospital and were diagnosed with
one of the relevant codes once or who did not undergo the
gold standard tests. We then randomly selected 100 patients
from each participating hospital for each disease. Among the
200 patients who visited the hospital more than once and
were diagnosed with codes for each diabetic microvascular
complication (diabetic nephropathy [E11.2, E12.2, E13.2,
E14.2, or N08.3], diabetic neuropathy [E11.4, E12.4, E13.4,
E14.4, or G63.2], and diabetic retinopathy [E11.3,E12.3,E13.3,
E14.3, or H36.0]), the gold standard of diabetic nephropathy
was defined as follows: (1) an estimated glomerular filtration
rate of < 60 mL/min/1.73 m? based on the Modification of
Diet in Renal Disease study,' (2) a urinary albumin-to-cre-

http://www.e-acn.org



Hyung Jun Kim, et al. Validity of diabetic microvascular complications

ANNALS OF
CLINICAL

NEUROPHYSIOLOGY

7065 patients eligible to participate in the validation study
- Single secondary and single tertiary hospital
- From January 2019 to December 2020

- Patients aged >40 years

Y

6,493 patients who have visited the hospital
more than once were selected

- Code for diabetic nephropathy
- secondary hospital (n = 931) + tertiary hospital (n = 992)
- Code for diabetic neuropathy
- secondary hospital (n = 303) + tertiary hospital (n = 691)
- Code for diabetic retinopathy
- secondary hospital (n = 1,031) + tertiary hospital (n = 2,545)

Y

600 patients randomly

selected to participate

A

A

Diabetic nephropathy
- Secondary hospital (n = 100)
- Tertiary hospital (n = 100)

Diabetic neuropathy
- Secondary hospital (n = 100)
- Tertiary hospital (n = 100)

Diabetic retinopathy
- Secondary hospital (n = 100)
- Tertiary hospital (n = 100)

Fig. 1. Flow chart of the study design.

atinine ratio of > 300 mg/g, or (3) end-stage kidney disease
with hemodialysis.'®'” The gold standard of diabetic neu-
ropathy was defined as follows: (1) abnormal nerve conduc-
tion study (NCS) results, with two or more different nerves
with abnormal findings more than two standard deviations
from the normal range in three or four of the parameters
(motor and sensory amplitudes, conduction velocities, F
responses, and latencies);'® (2) abnormal sudomotor test,
such as a prolonged sweat response latency, a reduced or
absent sweat response, or an elevated sweat volume:'? or
(3) signs and symptoms of peripheral neuropathy, such as
decreased sensation (e.g., vibration, proprioception, tem-
perature, or pinprick sensations) in distal limbs in a “stocking
and glove” distribution, and a decrease from a proximal to a
distal gradient of the deep tendon reflex.?>*" Lastly, the gold
standard of diabetic retinopathy was defined as cases with
proliferative or nonproliferative retinopathy according to an
ophthalmologist examination using fundoscopy.'”??

https://doi.org/10.14253/acn.2022.24.1.7

Diagnosis validation for diabetic microvascular compli-
cations

Five algorithms were analyzed: (1) only ICD codes (> 2 visits
with diagnostic code and > 3 visits with diagnostic code;
two algorithms) and (2) ICD code and specific tests and/
or prescriptions (three algorithms). For diabetic nephrop-
athy, laboratory tests including blood chemistry or urine
proteinuria were combined with the diagnostic codes for
validation. In each analysis, eight patients who did not re-
ceive a blood chemistry test and 54 who did not receive a
urine proteinuria test were excluded. For retinopathy, a fun-
doscopy, an ophthalmologist visit, prescription records for
specific agents (ophthalmic solution with 0.1% bromfenac,
calcium dobesilate hydrate, sulodexide, vaccinium muyrtillus,
and bevacizumab), and procedure execution data (retinal
photocoagulation) were combined with the diagnostic
codes for validation. In each analysis, one patient who did
not receive fundoscopy, 15 who did not visit an ophthal-
mologist, and 38 who did not receive specific treatment
were excluded. Lastly, diabetic neuropathy was validated
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using electromyography, including an NCS or sudomotor
test, and prescription records of specific agents (pathogenic
treatments [a-lipoic acid] or symptomatic treatments [y-ami-
nobutyric acid analogs such as gabapentin or pregabalin, se-
rotonin-nonepinephrine reuptake inhibitors such as duloxe-
tine or venlafaxine, and tricyclic agents such as amitriptyline
or nortriptyline]). In each analysis, 74 patients who did not
receive an NCS test and 44 who did not receive a specific
treatment were excluded. Data extraction and classification
of each disease were performed by different authors (dia-
betic retinopathy by T.J.S,, diabetic neuropathy by M.S.P., and
diabetic nephropathy by HJ.K). The classification audit was
performed by different authors by changing each diagnosis
to minimize potential misclassification. M.S.P. and HJK. re-
viewed and discussed uncertain cases to reach a consensus.

Statistical analysis

To assess the percentage of correct diagnostic codes for
diabetic microvascular complications, they were compared
with the gold standard (in the case notes). The performance
parameters included the positive predictive value (PPV),
negative predictive value (NPV), error rate, sensitivity, and
specificity. The PPV and its 95% confidence interval (Cl) are
used to quantify the diagnostic accuracy (number of correct-
ly classified cases). PPV refers to the proportion of gold-stan-
dard diabetic microvascular complication cases relative to all
of those identified with the diagnostic codes for diabetic ne-
phropathy, neuropathy, and retinopathy in the Korean NHIS
data. NPV was defined as the ratio of patients truly diagnosed
as negative relative to all those who had negative test results.
The error rate was defined as the proportion of patients with
false results relative to all patients. Sensitivity and specificity
analyses assessed the effect of reclassifying diagnoses using
a combination of diagnostic codes and cofactors (specific
tests and prescriptions for each diagnosis). Simple random
sampling was used to select and allocate 100 samples for
each disease from each hospital. The kappa coefficient was
calculated after being independently investigated and com-
pared by each of the two researchers. Fach diabetic micro-
vascular complication had an overall kappa value higher than
0.8, indicating an excellent degree of agreement between
the researchers. All statistical analyses were performed using
the open-source statistical package R (version 3.6.3; R Project
for Statistical Computing, Vienna, Austria).

10 https://doi.org/10.14253/acn.2022.24.1.7
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RESULTS

Diabetic nephropathy

Of the 200 patients who visited the hospital more than once
and were diagnosed with a diabetic nephropathy code, 142
had diabetic nephropathy according to the gold standard
of diagnostic criteria. Diabetic nephropathy codes predicted
the gold standard of diabetic nephropathy in 71.0% (PPV)
of cases. Among them, 194 patients visited the hospital and
were diagnosed with a diabetic nephropathy code more
than twice, and had a slightly increased PPV than did the
patients who visited the hospital more than once with a
diabetic nephropathy code (71.0% for > 2 hospital visits vs.
71.7% for > 3 hospital visits) (Table 1, Supplementary Table
1). A comparison between blood tests including creatinine
and urinary proteinuria examinations with diagnostic codes
revealed that the latter had higher PPV (72.9% for diagnostic
codes with blood tests vs. 80.8% for diagnostic codes with
urinary proteinuria tests) and specificity (10.3% vs. 51.7%),
and lower NPV (75.0% vs. 55.6%), error rate (27.0% vs. 26.0%),
and sensitivity (98.6% vs. 83.1%). When both factors (blood
and urinary proteinuria tests) were combined with the di-
agnostic codes, PPV (81.4% for diagnostic codes with blood
and urinary proteinuria tests vs. 80.8% for diagnostic codes
with urinary proteinuria), NPV (56.4% vs. 55.6%) and specifici-
ty (53.4% vs. 51.7%) increased slightly, whereas the error rate
(25.5% vs. 26.09%) and sensitivity (83.1% vs. 83.1%) decreased
compared with combining only one factor with the diag-
nostic codes. In both the tertiary and secondary hospitals,
diagnostic codes in combination with other factors had a
PPV of higher than 70% (Table 1).

Diabetic neuropathy

Of the 200 patients who visited the hospital more than once
and were diagnosed with a diagnostic code for diabetic
neuropathy, 110 had the gold standard of diabetic neuropa-
thy (PPV, 55.0%). Among them, 193 patients visited the hos-
pital more than twice and were diagnosed with a diabetic
neuropathy code, and PPV was slightly higher than that for
the patients who visited the hospital more than once and
were diagnosed with a diabetic neuropathy code (55.0% for
> 2 hospital visits vs. 56.0% for > 3 hospital visits) (Table 2,
Supplementary Table 2). When the diagnostic codes and
NCS were combined, the PPV, NPV, error rate, sensitivity,

http://www.e-acn.org
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and specificity were 76.2%, 81.1%, 22.0%, 87.3%, and 66.7%,
respectively. When diagnostic codes and prescriptions were
combined, the PPV, NPV, error rate, sensitivity, and specificity
were 65.4%, 81.8%, 31.0%, 92.7%, and 40.0%, respectively.
After applying the inclusion criteria, the PPV and specificity
were maximized by combining primary diagnostic codes

Table 1. Validation of diagnostic codes for diabetic nephropathy

ANNALS OF
CLINICAL
NEUROPHYSIOLOGY

with NCS and prescription records of specific agents (PPV,
81.3%; specificity, 76.7%). In both hospitals, PPV was lower
than 70% when only diabetic neuropathy codes were ap-
plied. However, including NCS (diagnostic codes with NCS
or diagnostic codes with NCS and prescriptions) resulted in
PPV increasing to nearly 80% in both hospitals (Table 2).

Total True False PPV (%)

NPV (%)

Kappa

Error rate (%) value

Sensitivity (%) Specificity (%)

Secondary hospital

Diagnostic codes® 100 70 30
(> 2 hospital visits)

700 (70.0-70.0)

Diagnostic codes® + 95 69 26
blood test

726 (62.5-81.3)

Diagnostic codes® + 75 58 17
urinary proteinuria

Diagnostic codes® + 75 58 7
blood test + urinary
proteinuria

Tertiary hospital

Diagnostic codes® 100 72 28

(= 2 hospital visits)

720 (72.0-72.0)

Diagnostic codes® + 97 71 26
blood test

732 (63.2-81.7)

Diagnostic codes® + 71 60 1
urinary proteinuria

Diagnostic codes® + 70 60 10
blood test + urinary
proteinuria

Total

Diagnostic codes® 200 142 58
(> 2 hospital visits)

Diagnostic codes®+  192° 140 52
blood test

Diagnostic codes®+ 146 118 28
urinary proteinuria

Diagnostic codes®+  145% 118 27
blood test + urinary
proteinuria

710 (71.0-710)

729 (66.1-79.)

814 (741-874)

80.0 (284-995)

773 (66.2-86.2)  52.0(31.3-72.2)

773 (66.2-86.2)  52.0(313-72.2)

66.7 (94-99.2)

845 (740-920) 586 (389-76.5)

85.7(753-929) 600 (406-77.3)

750 (349-96.8)

80.8 (73.5-869) 556 (414-69.)

564 (423-69.7) 255 (196-32)

270(186-36.8)  986(923-999) 133 (3.8-307) 0.806

290(203-389) 829(720-90.8) 433 (255-626)  0.865

290(203-389) 829(720-90.8) 433(255-626) 0896

270 (186-36.8) 986 (92.5-999) 71(09-235) 0.806

230(152-325) 833 (727-911) 607 (406-785  0.865

220(143-314) 833 (727-91.1) 643 (441-814) 0.89

270(209-337)  986(950-998) 103 (39-212) 0.806

260(201-327)  831(759-8389) 517(382-651)  0.865

831(759-889) 534(399-667) 089

Values are presented as number (95% confidence interval).
PPV, positive predictive value; NPV, negative predictive value.

%Visited the hospital more than once with all diagnostic codes (hospital admission + outpatient clinic); °Eight patients who did not undergo blood chem-
istry tests were excluded; “Fifty-four patients who did not undergo a urinary proteinuria test were excluded; dFifty—ﬁve patients who did not undergo

both tests were excluded.
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Diabetic retinopathy

This study included 200 patients who visited the hospital
more than once and were diagnosed with a diagnostic code
for diabetic retinopathy from two different hospitals. Among
those 200 patients, 154 (77.0%) were identified as having
the gold standard of diabetic retinopathy. The patients in-
cluded 183 who visited the hospital more than twice and
were diagnosed with a diabetic retinopathy code, and PPV

Table 2. Validation of diagnostic codes for diabetic neuropathy

Annals of Clinical Neurophysiology Volume 24, Number 1, April 2022

was slightly higher than that for the patients who visited
the hospital more than once and were diagnosed with a
diabetic neuropathy code (77.0% for > 2 hospital visits vs.
79.2% for > 3 hospital visits) (Table 3, Supplementary Table 3).
Combining fundoscopy with the diagnostic codes increased
PPV slightly, to 77.4%. Combining the ophthalmologist visit
history with those results increased the PPV to 81.5%. Lastly,
PPV (96.6%) increased the most when the use of specific

Total True False PPV (%)

NPV (%)

Kappa

Error rate (%) value

Sensitivity (%) Specificity (%)

Secondary hospital

Diagnostic codes® 100 59 41
(> 2 hospital visits)

59.0 (59.0-59.0)

Diagnostic codes® + 65 50 15
NCS

Diagnostic codes®+ 86 58 28
PrescripﬂonID

674 (56.5-77.2)

Diagnostic codes® + 63 50 13
NCS + prescriptionb

794 (673-88.5)

Tertiary hospital
Diagnostic codes® 100 51 49
(= 2 hospital visits)
Diagnostic codes® + 61 46 15
NCS

Diagnostic codes® + 70 44 26
prescriptionb

510 (51.0-51.0)
754 (62.7-85.5)
629 (50.5-74.1)

Diagnostic codes®+ 49 41 8
NCS + prescriptionb
Total
Diagnostic codes® 2000 110 90
(> 2 hospital visits)
Diagnostic codes® + 126 96 30
NCS

Diagnostic codes®+  156° 102 54
prescriptiomb

550 (55.0-55.0)
76.2 (67.8-83.3)
654 (574-72.8)

Diagnostic codes®+  112° 91 21
NCS + prescriptionb

769 (64.8-86.5) 743 (56.7-87.5)

929 (66.1-99.8)

757 (588-882) 22.0(14.3-314)

872 (726-957) 200 (12.7-29.2)

76.7 (577-90.)

837 (703-927) 804 (669-90.2)

811(703-893)  22.0(16.5-284)

81.8 (673-91.8)

813(728-880) 784 (684-865) 200 (14.7-26.2)

240(160-336)  84.8(730-92.8) 634 (469-779) 0878

290(204-389) 983(909-999) 317 (18.1-48.) 0912

84.8(73.0-928) 683 (519-819) 0951

902 (786-967) 694 (546-818)  0.878
330(239-431) 86.3(737-943) 469 (325-61.7) 0912

180 (11.0-270) 804 (669-90.2) 837 (703-927) 0951

873(796-929) 667 (560-763) 0878
310(247-379) 927 (86.2-96.8) 40.0(298-509) 0912

827 (744-893) 767 (666-849) 0951

Values are presented as number (95% confidence interval).

PPV, positive predictive value; NPV, negative predictive value; NCS, nerve conduction studly.

%Visited the hospital more than once with all diagnostic codes (hospital admission + outpatient dlinic); ®Pathogenic treatments (a-lipoic acid) or symp-
tomatic treatment (y-aminobutyric acid analog, such as gabapentin or pregabalin; serotonin-norepinephrine reuptake inhibitors, such as duloxetine or
venlafaxine; and tricyclic agents, such as amitriptyline or nortriptyline); “Seventy-four patients who did not undergo an NCS were excluded; “Forty-four
patients who did not receive a prescription were excluded; Eighty-eight patients who did not undergo an NCS and receive a prescription were excluded.
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medications for diabetic retinopathy or retinal photoco-
agulation was combined with ophthalmologist visits, fun-
doscopy, and diagnostic codes. The sensitivity of all cases
exceeded 90.0%, but when all parameters were combined,
the specificity significantly increased to 89.1% and the error
rate significantly decreased to 9.9%. In each of the two hos-
pitals, PPV was higher than 70.0% in all cases. When specific
medications against diabetic retinopathy or retinal photoco-
agulation, ophthalmologist visits, fundoscopy, and diagnos-
tic codes were combined, the PPV was more than 90.0% in
both hospitals (Table 3).

DISCUSSION

This study explored whether ICD-10 codes can be applied
to confirm diabetic microvascular complications among the
Korean NHIS data. We have demonstrated that combining
factors such as laboratory findings, diagnostic test codes, or
treatment procedure codes with ICD-10 codes results in reli-
able diagnoses of diabetic microvascular complications.

Our study found PPV values ranging from 51.0% to 85.6%
when using only ICD-10 codes, which depended on the
type of complication in diagnosing diabetes microvascular
complications. There was no significant increase in PPV for
those who visited the hospital more than twice and were
diagnosed with diagnostic codes compared with those who
visiting the hospital more than once with the diagnostic
codes, and previous nationwide cohort studies set the en-
rollment criteria of more than one visit to the hospital and a
diagnosis from the diagnostic codes>? The present study
was therefore based on those who visited a hospital more
than once and were diagnosed with a diagnostic code. In
other diseases, the overall sensitivity of cancer diagnosis
using the ICD-10 codes was 92.8%.°°*” Moreover, the diag-
nostic accuracy of the ICD-10 codes for cardiovascular risk
factors was 85.0-94.1% in previous studies using the NHIS-
Health Screening Cohort data set.'"**?° We cannot clearly
explain why the diagnostic accuracy of diabetes microvas-
cular complications using only the ICD-10 codes is lower
than that of other diagnosis methods; however, this may be
due to differences in study designs or subjects. For diabetic
neuropathy cases, neurologists or rehabilitation specialists
usually perform an NCS. Physicians in other departments still
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do not always perform an NCS to confirm the diagnosis of
diabetes microvascular complications. This difference may
explain the discrepancy between our study and previous
ones.

While the accuracy of the ICD-10 codes for diagnosing
diabetes microvascular complications was not poor in this
study, it did improve when laboratory findings, functional
studies (NCS and fundoscopy), medications, or procedure
codes were also considered. Comparing the results of the
secondary and tertiary hospitals revealed that the PPV and
specificity tended to improve when specific tests or treat-
ments were sequentially combined with the ICD-10 codes.
However, the PPV and specificity were higher in the tertiary
hospital for diabetic nephropathy and neuropathy, and
higher in the secondary hospital for diabetic retinopathy. Di-
abetic nephropathy and neuropathy have a longer duration
of morbidity than diabetic retinopathy.*® There were more
patients with critical illnesses in the tertiary hospital than in
the secondary hospital, and the morbidity period of diabetes
is likely to be longer, which may be related to the higher PPV
and specificity of diabetic nephropathy and neuropathy in
tertiary hospitals.

It is difficult to determine whether a diagnosis using only
the ICD-10 codes is confirmative because a doctor can claim
this to insurance providers even when a specific disease is
only suspected. A previous study of inflammatory bowel
disease (IBD) found that the reference algorithm, which
combines the ICD-10 codes, more than one health-care
encounter, and more than one pharmaceutical prescrip-
tion for IBD-specific drugs, achieves excellent performance
in identifying patients with IBD (sensitivity, 93.1% [95% Cl,
91.0-94.7%]; specificity, 98.1% [95% Cl, 96.9-98.8%], and
PPV, 97.5% [95% Cl, 96.1-98.5%]).> A previous study of the
diagnosis algorithm for strokes found that the diagnosis
accuracy is higher when considering brain imaging and
prescriptions together than when only considering primary
ICD-10 codes.’’

This study had some limitations. First, we could not com-
pare the diabetes prevalence with that in previous research
because this study was conducted on patients who had
already been diagnosed. Second, a bias may have occurred
since although we validated patients who visited secondary
and tertiary hospitals, the patient groups might not have dif-
fered significantly since these two hospitals were adjacent
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to each another. Third, depending on the specific situation,
the test results may change and the accuracy may decrease;
for example, chronic kidney disease can be exacerbated by
dehydration, and the sudomotor function test can be af-
fected by drugs.3*** However, the sudomotor test was not
performed as a screening test for all diabetic neuropathies,**
and the results did not change significantly even when the
sudomotor test was excluded from the diagnosis using the
gold standard (Supplementary Table 4). Lastly, missing re-
cords may have influenced the study results since the EMR
review was conducted retrospectively. There may be some
missing data in the symptoms and results of the specific
tests on the patients, but there is no possibility of missing
data regarding whether specific tests were performed and
on ICD codes and prescriptions.

The accuracy of diagnosing diabetic microvascular com-
plications using only ICD-10 codes might be inadequate.
However, when ICD-10 codes, laboratory findings, diagnos-
tic studies, and treatment procedure codes are considered
in combination, the diagnostic accuracy of diabetic micro-
vascular complications may be reliable. Our study was signif-
icant in demonstrating that specific tests and prescriptions
should be combined with ICD-10 codes to increase the
accuracy of diabetes microvascular complication diagnoses
among the Korean NHIS data set.
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