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INTRODUCTION

ABSTRACT

Aims/Introduction: The relationship between glycated hemoglobin (HbA1c) and car-
diovascular events in older adults was investigated using a Japanese administrative medi-
cal database.

Materials and Methods: Anonymized medical data on patients with diabetes mellitus
aged >65 years for the period from January 2010 to December 2019 were extracted from
the EBM Provider database. The primary end-point was a composite of cardiovascular
events, whereas the other end-points included severe hypoglycemia and fracture. The
association between cardiovascular events and HbA1c at the index date (i.e, approxi-
mately 10 months after initial diabetes mellitus diagnosis) was evaluated using the Cox
proportional hazards model.

Results: Among the 3,186,751 patients in the database, 3,946 older adults with diabetes
mellitus were eligible for inclusion and were subsequently grouped according to HbAlc
quartiles at the index date. Cardiovascular events occurred in 142 patients. Patients with
HbATc in the highest quartile had significantly higher risk of hospitalization for cardiovas-
cular disease than those with HbA1c in the lowest quartile (hazard ratio 1.948; 95% confi-
dence interval 1.252-3.031, P = 0.003). However, the events risk was similar across
subgroups with HbATc <7.2%. The incidence of hypoglycemia and fracture was not signif-
icantly associated with the level of glycemic control.

Conclusions: Among older adults with diabetes mellitus, those with poor glycemic
control were at higher risk for cardiovascular events compared with those with better gly-
cemic control. However, strict glycemic control had no effect on cardiovascular risk in
patients with HbATc <7.2%.

provide cardiovascular benefits in older adults with diabetes mel-

The number of older adults with diabetes mellitus has been
increasing due to the overall aging of the Japanese population'.
This is of particular concern given that older patients with dia-
betes mellitus are at a high risk for cardiovascular diseases® .
Although hyperglycemia is a risk factor for macro- and microvas-
cular complications, intensive glycemic control does not always
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litus®. To date, limited large-scale studies have investigated the
relationship between glycemic levels and the incidence of cardio-
vascular events. Accordingly, the study from the UK General
Practice Research Database showed a U-shaped association
between glycated hemoglobin (HbAlc) level and mortality, with
the lowest hazard ratio (HR) for death observed at an HbAlc
level of approximately 7.5% in patients aged >50 years®. In con-
trast, the Japanese Elderly Intervention Trial (J-EDIT) showed a
J-shaped relationship between glycemic levels and incidence of
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stroke after 6 years of follow up, with the lowest number of events
having been observed at an HbAlc level of 7.3-7.9% in patients
aged >65 years’.

The enrollment period in the J-EDIT study was between
March 2001 and February 2002°. However, the treatment
approach for diabetes mellitus has greatly changed over the past
decade, since the launch of new antidiabetic agents, including
incretin-related drugs and sodium—glucose cotransporter 2 inhi-
bitors. In addition, management guidelines established by the
Japan Diabetes Society/Japan Geriatric Society recommend that
older patients with diabetes mellitus set individual treatment
goals for glycemic control and classify their goals into cate-
gories I-1II based on activities of daily life, cognitive function,
risk of hypoglycemia and concomitant diseases’. Despite these
changes in the treatment environment, collecting data on older
patients with diabetes mellitus from randomized control trials
aiming to assess the efficacy of the treatment has been difficult
given that such studies often exclude older patients and those
with diverse characteristics or multiple comorbidities’. Cur-
rently, anonymized real-world epidemiological data can be
obtained from the Japanese EBM Provider database'’, and it is
also possible to extract a dataset of populations with different
backgrounds.

The present study aimed to clarify the relationship between
HbAlc levels and the occurrence of cardiovascular events by
extracting an older population dataset from the EBM Provider
database'®. Given that older adults with diabetes mellitus are at
risk for developing hypoglycemia'' "> that might trigger a fall
and fractures'* that subsequently impair quality of life'>'®, the
relationship between glycemic levels and severe hypoglycemia
and fractures as secondary and exploratory end-points were
also investigated, respectively.

MATERIALS AND METHODS

Study design and data source

The present retrospective study utilized landmark analysis of data
from the EBM Provider database (Medical Data Vision Co., Ltd,
Tokyo Japan)'’. The database consists of patient information,
such as sex, age, disease data, prescriptions/medical procedure
data and Diagnosis Procedure Combination records data. Labo-
ratory data are collected by approximately 10% of the patients.
This database contains anonymously processed electronic health
record-based data collected since April 2008 from approximately
300 acute care hospitals representing approximately 20% of all
large hospitals across Japan'®, and it has been used in a study for
the assessment of cardiovascular events'”.

The study period was set to the latest 10 years (i.e., from 1 Jan-
uary 2010 to 31 December 2019) to extract the dataset of patients
with diabetes diagnosis codes (International Classification of Dis-
eases Revision 10 Code: E11-14). In the preliminary examination
of the time course of HbAlc, it was deemed that HbAlc levels
reach a steady state 6 months after treatment initiation in the tar-
get population (Figure S1). While the J-EDIT study set the land-
mark period of 1 year after the treatment, the index date used
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herein was defined as the day of HbAlc testing closest to
9 months within the 9-month to 1-year period after initial diag-
nosis of diabetes mellitus in the database. The baseline period
was defined as that between the first visit and the index date.

Study population

The inclusion criteria were as follows: (i) patients with a first
visit due to diabetes mellitus on January 2010 or later in the
database; (ii) continuous physician-supervised treatment; that is,
at least two recorded visits to the study site for diabetes mellitus
other than type 1 diabetes mellitus (International Classification
of Diseases Revision 10 code E10) within 9 months from the
initial visit; (iii) age >65 years at the index date; (iv) availability
of medical practice data after the index date; and (v) HbAlc of
>6.5% on the initial visit or prescription of an antidiabetic
agent (Anatomical Therapeutic Chemical Classification code:
A10C, insulin; A10H, sulfonylurea; A10J, biguanide; A10K, thi-
azolidinedione; A10L, a-glucosidase inhibitor; A10M, glinide;
AION, dipeptidyl peptidase-4 inhibitor; A10P, sodium—glucose
cotransporter 2 inhibitor; A10S, glucagon-like peptide-1 recep-
tor agonist) for diabetes mellitus at least once during the base-
line period".

We excluded vulnerable older patients who required more
extensive care, as the glycemic control goal was set based on
patient conditions, such as severe comorbidities’. The exclusion
criteria were as follows: (i) records suggesting a definitive cancer
or dementia diagnosis throughout the entire observation period;
(ii) history of angina pectoris, heart failure, myocardial infarc-
tion, or stroke (except transient ischemic attacks); and (iii) doc-
umented medical procedures for coronary revascularization
before the index date. The definitions of diseases and medical
procedures are presented in Tables S1 and S2.

Outcomes

Patients were classified to four subgroups based on their
HbAIlc levels at the index date (groups 14 corresponding to
the lowest and highest quartiles, respectively), after which the
incidence of the primary, secondary and other end-points were
compared between the subgroups. The primary end-point was
a composite of hospitalization for stroke, angina pectoris, heart
failure or myocardial infarction, as determined as a main diag-
nosis by the physician,'” or for coronary revascularization doc-
umented as a medical procedure, noting the first event
occurring after the index date. The definitions of components
of the primary end-point are shown in Table SI. Incidences of
each component were evaluated in the same manner.

The secondary end-point was the incidence of severe hypo-
glycemia, and the day of prescription of glucose (>20%) injec-
tion was defined as the occurrence date in the month when
hypoglycemia was definitely diagnosed based on any of the
codes in International Classification of Diseases Revision 10
(Table S1). Incidences of fractures were evaluated as an
exploratory end-point, given that this database contained only a
limited number of known risk factors for fracture. The day of
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onset of fracture was the first of treatment for fracture that can
be confirmed on the database. The incidences of fractures were
grouped in the thoracic vertebra, lumber vertebra, shoulder/up-
per arm, forearm and femur (Table S1). All-cause death was
defined as any death documented in the Diagnosis Procedure
Combination records for the entire observable period after the
index date. The date of death was defined as the date of dis-
charge.

Statistical analysis

Demographic and baseline characteristics were summarized
according to HbAlc categories at the index date. Categorical vari-
ables were expressed as numbers and percentages, whereas con-
tinuous variables were expressed as mean * standard deviation.
The number and incidence (per 1,000 person-years) of each event
were calculated according to HbAlc subgroups. A generalized
Wilcoxon test was used to compare the incidence rate with
group 1 with the lowest HbAlc quartile.

The multivariate Cox proportional hazards model was used to
compare the risk of the primary, secondary and other end-points
between the HbA 1c subgroups. The following confounding factors
were included as covariates that might be associated with out-
comes based on the Japanese Clinical Practice Guideline for Dia-
betes’. Accordingly, covariates for the primary end-point included
demographic parameters (age at index date and sex); baseline
treatments/prescriptions of antihypertensive agents, antihyperlipi-
demic agents and antithrombotic agents/coronary vasodilator;
comorbidities/history of retinopathy, neuropathy, chronic kidney
disease (CKD) and atrial fibrillation; Charlson Comorbidity
Index'’; and HbAlc on the initial visit for diabetes mellitus.
Covariates for the secondary end-point included age, baseline per-
iod, depression, liver disease, CKD, prescription of insulin/sulfony-
lureas (SUs)/glinides, number of drugs prescribed during the
baseline period and HbA1c on the initial visit for diabetes mellitus.
The definitions of diseases and drugs for confounding factors are
shown in Table S1. The Charlson Comorbidity Index calculated
the sum of the weighted scores for each of the chronic condi-
tions™. Covariates for fractures included age, sex and HbAlc on
the initial visit for diabetes mellitus. All analyses were carried out
using SAS Version 9.4 (SAS Institute Inc., Cary NC, USA), with a
P value of <0.05 showing statistical significance.

RESULTS

Identification of study population

Among the 3,186,751 patients diagnosed with diabetes mellitus
in the database, 10,290 patients satisfied the eligibility criteria.
Among such patients, 3,946 were eligible for the analysis after
excluding those aged <65 years (Figure 1). Among the included
patients, 1,227 were aged >75 years.

Patient characteristics

The mean age of the study population was 72.2 years, with
men accounting for 53.2% (Table 1). The mean baseline period
in our population was 9.88 months, whereas the mean follow-
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up period after the index date was 2.51 years. The median
HbAlc was 7.30% at the initial visit and 6.60% at the index
date. As HbAlc quartiles at the index date were 6.3, 6.6 and
7.2%, patients with HbAlc of <6.3%, 6.3 to <6.6%, 6.6% to
<72% and >7.2% were classified into groups 14, respectively.
The median HbAlc values of groups 14 were 6.0, 6.4, 6.8 and
7.7%, respectively. Although 30 patients received dialysis during
the baseline period, HbAlc quartiles remained unchanged when
their data were excluded.

Onset of events

A composite of cardiovascular events was observed in 142
patients, with group 4 having the highest incidence rates (24.5/
1,000 person-years; Table 2). Meanwhile, groups 1-3 had simi-
lar incidence rates. At the index date, the number of patients
was highest with HbAlc 6.0 to <7.0%, followed by HbAlc 7.0—
8.0% (Figure 2). The cardiovascular incident rate was gradually
increased starting at approximately 7.0% of HbAlc (Figure 2).
With group 1 as the reference, the HR was the highest and sta-
tistically significant in group 4 (HR 1.948, 95% confidence
interval 1.252-3.031; P = 0.003), whereas groups 2 and 3 had a
similar risk as group 1 (Table 3). Factors affecting the compos-
ite end-point included age, sex, antihypertensive drug prescrip-
tion and the Charlson Comorbidity Index score (Table 3). The
Kaplan—Meier curve is shown in Figure S2.

Among the components of the primary end-point, incidences
of hospitalization for cardiac disease, stroke and coronary revas-
cularization were highest in group 4, whereas no marked differ-
ences were noted between the three other subgroups (Table 2).
The incidence of hospitalization for stroke was numerically
high in group 4, although no significant difference was
observed between all four subgroups (Table 2). Factors affecting
the risk of hospitalization for stroke included age and sex.
Group 4 had significantly higher incidences of hospitalization
for both cardiac disease and coronary revascularization than
group 1, with HRs of 2.503 (95% confidence interval 1.409—
4.448) and 2.649 (95% confidence interval 1.234-5.686), respec-
tively (Table 3). However, no significant difference in such risks
were observed between groups 1-3.

Factors affecting hospitalization for cardiac diseases included
age, sex and prescription of antihypertensive medication. Fur-
thermore, the HR for cardiac diseases was significantly low with
diabetic neuropathy, but tended to be high with CKD, albeit
not significantly. Sex and CKD were also identified as signifi-
cant factors affecting hospitalization for coronary revasculariza-
tion in group 4, with the highest HR for CKD being 2.434.

Severe hypoglycemia, the secondary end-point, occurred in just
20 participants, half of whom were in group 4 (Table 2). All these
patients had a continuous prescription record of insulin/SUs/glin-
ides. HRs for severe hypoglycemia were lower in groups 2 and 3,
but tended to be higher in group 4 compared with group 1,
although no significant differences in risks were observed between
the subgroups (Table 4). HR for depression could not be calcu-
lated given that none of the patients with severe hypoglycemia
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[ Patients diagnosed with DM (ICD10code: E11-E14) | n=3186751 |
|The date of initial visit for DM was after January 2010 | n=2132475 |
Patients with HbATc data within 90days before the date of initial 173729
visit for DM MSAEE
Patients diagnosed with DM (not TIDM) who visited the hospitial/
clinic at least 2 times in 2 different months between the month of n=113347
initial DM diagnosis and 9 months including that month
Patients who had HbA1c data between 9 months and 1 year after
- n=35474
initial visit for DM
Age >20 years at the index date n = 35,265
HbA1c >6.5% upon initial visit for DM or prescription of antidiabetic
i . n=24531
medications at baseline
The day of last visit was after the index date n=23737
Exclusion criteria n=13447
A Patients diagnosed with TIDM for the entire period on the n =748
_ data set
B Eatlents diagnosed with cardiovascular disease prior to the n=902
index date
_ Definite diagnosis of cancer/dementia for the entire period P
& on the data set Rhao326
D: Patients with coronary revascularization sugery documented _ 1968
" prior to the index date M=
Non-older adults n==6,344
Target population:
Older adults (age=65) n=3,946

Figure 1 | Patient selection flowchart. DM, diabetes mellitus; HbATc, glycated hemoglobin; ICD10, International Classification of Diseases Revision

10; TIDM, type 1 diabetes mellitus.

were diagnosed with depression. Prescription of insulin/SUs/glin-
ides was identified as a factor strongly affecting severe hypo-
glycemia (HR 4.209; P = 0.037).

Fractures occurred in 181 patients with no obvious differ-
ence in incidence rates between the subgroups (Table 2).
Hospitalization for fractures as a major cause was docu-
mented in 65 patients, but the event rates were also similar
across the subgroups (data not shown). The number of
patients by fracture site is shown in Table S4. The most
common fracture was vertebral, including thoracic, lumbar
and thoracolumbar, in 113 patients. A total of 33 patients
had femur fractures, whereas 35 patients had arm fractures,

including the shoulder/upper arm or forearm. Sex, age and
HbAlc on the first visit day for diabetes mellitus were iden-
tified as factors associated with fractures. In particular, sex
(female) was identified as a factor strongly affecting the inci-
dence of fractures (Table 4).

After the index date, 64 all-cause deaths were identified
(Table $4). No significant difference was noted in the incidence
rate between the groups.

DISCUSSION
The current study showed that the risk for cardiovascular
events during the follow-up period was significantly higher in
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Table 1 | Baseline characteristics of older patients with diabetes mellitus according to glycated hemoglobin quartiles at the index date

Categories All Group 1 Group 2 Group 3 Group 4 P-value®
HbATc range (%) - <63 6.3 1o <66 6.6 10 <7.2 >7.2

No. patients n 3946 973 785 1177 1,011

Follow-up period (years) Mean = SD 251+ 188 260 £ 191 254 £ 190 255+ 189 233 £ 182 0007
Age (years) Mean = SD 722+ 59 724+ 59 719+ 58 722 £ 60 722 +£59 0311
Sex (male) n (%) 2098 (53.2) 525 (54.0) 396 (504) 623 (529) 554 (54.8) 0.298
HbA1cT (%) Mean £ SD 817 £ 219 779 £ 232 768 £ 181 798 £ 191 913+ 235 <0001
HbA1c at the index date (%) Mean £ SD 682 £ 094 591 +£028 640 £ 008 682 £ 017 802 £ 098 <0.001
Antihypertensive agents n (%) 2120 (537) 557 (57.2) 425 (54.1) 598 (50.8) 540 (534) 0030
Antihyperlipidemic agents n (%) 1565 (39.7) 394 (405) 308 (39.2) 444 (37.7) 419 414) 0317
Antithrombotic agents/coronary n (%) 502 (12.7) 150 (154) 87 (11.1) 131 (11.1) 134 (133) 0011

vasodilators
Insulin/sulfonylureas/glinides* n (%) 1767 (44.8) 422 (434) 259 (330) 451 (383) 635 (62.8) <0.001

The glycated hemoglobin (HbA1c) quartiles were 63, 66 and 7.2%. THbATc on initial visit for diabetes mellitus. *Antinyperglycemic agents with a
high risk of hypoglycemia. $One-way anova and y’-tests were used for comparison of mean values of continuous data (follow-up period, age,
HbATc and HbAlc at the index date) and categorical variables (sex, antihypertensive agents, antihyperlipidemic agents, antithrombotic agents/coro-
nary vasodilators and insulin/sulfonylureas/glinides prescriptions), respectively. SD, standard deviation.

Table 2 | Number and incidence rate of cardiovascular events in older patients with diabetes mellitus

All Group 1 Group 2 Group 3 Group 4

HbATc range (%) - <63 63 to <66 66 to <7.2 >72

No. patients 3,946 973 785 1177 1,01
Composite of cardiovascular events

No. patients 142 33 23 30 56

Incidence rate (per 1,000 person-years) 146 132 117 10.1 245

P-value® - - 0882 0562 0001
Stroke

No. patients 54 12 11 14 17

Incidence rate (per 1,000 person-years) 54 47 55 46 7.2

P-value' — - 0449 0891 0104
Cardiac disease

No. patients 85 18 12 16 39

Incidence rate (per 1,000 person-years) 87 72 6.0 53 169

P-value® - - 0672 0682 <0001
Coronary revascularization

No. patients 51 10 8 10 23

Incidence rate (per 1,000 person-years) 51 39 40 33 98

P-value® - - 0971 0712 0011
Severe hypoglycemia

No. patients 20 6 1 3 10

Incidence rate (per 1,000 person-years) 20 23 05 10 42

P-value' — - 0078 0170 0149
Fracture

No. patients 181 51 29 54 47

Incidence rate (per 1,000 person-years) 187 206 14.7 183 204

P-value® - - 0471 0439 0775

HbATc, glycated hemoglobin. TThe generalized Wilcoxon test was used to compare the incidence rate with group 1.

group 4 (ie., the highest quartile) compared with the other had been noted between the three subgroups with an HbAlc
subgroups. Although the incidence of cardiovascular events was ~ of <7.2%. Previously, the J-EDIT study’ reported a J-shaped
high in patients with HbAlc >7.2%, no significant differences  relationship between the HbAlc level and the onset of stroke
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Number of patients 449 2,180 948 231 138

Figure 2 | The relationship between glycated hemoglobin (HbA1c) and incidence rate of cardiovascular events. The unadjusted incidence rate (per

1,000 person-years) was fitted using a cubic spline modeling.

or cardiovascular events in the older adults, with the lowest
incidence rates having been observed at HbAlc 7.3-7.9%,
whereas the UK General Practice Research Database study®
found a U-shaped relationship, with the lowest HRs having
been observed at HbAlc 7.5%. Although high blood glucose
levels significantly increase the risk of diabetic complications
and mortality?, strict glucose control has not always been
appropriate for the prevention of cardiovascular events, with
some reports raising questions regarding the risk—benefit bal-
ance of strict glycemic control***. The results of the present
study suggest that poor glycemic control was associated with
the risk of cardiovascular events, and that the stricter glycemic
control was not associated with reduced risk in the older adults
with diabetes mellitus.

Among the components of the primary end-point, the risk of
hospitalization for cardiac disease and coronary revascularization
was approximately 2.5- and 2.6-fold higher in group 4 than in
the lower HbAlc subgroups, respectively. Although the risk of
stroke was numerically higher in group 4, no significant differ-
ence between the HbAlc subgroups had been observed. Prescrip-
tion of antihypertensive agents and CKD had been identified as
factors affecting the risk of cardiac diseases and coronary artery
revascularization, respectively. The aforementioned results are
consistent with those presented in previous studies, suggesting
that renal function is an independent predictor of the occurrence
of myocardial infarction in the older population and that renal
impairment further increases cardiovascular risk*’. The HR for

cardiac diseases was significantly low with diabetic neuropathy,
although the reason for that was unclear. Given that older
patients with neuropathy have impaired pain perception and
often have no symptoms of cardiac diseases (e.g., silent myocar-
dial ischemia)®*, the lack of symptom recognition of cardiac dis-
eases might explain the low HR value. Thus, the present study
highlighted that glycemic control, hypertension and CKD were
factors that critically affected the risk of cardiovascular diseases in
older adults with diabetes mellitus.

Among the included patients, <1% developed severe hypo-
glycemia. Although the risk was numerically highest in group 4,
no significant difference had been observed between the sub-
groups. The risk of severe hypoglycemia was associated with
prescription of insulin, SUs or glinides at the index date. Stud-
ies have suggested that severe hypoglycemia might increase the
risk of cardiovascular events®®, Furthermore, no hypoglycemia
was observed in the population with the lowest risk of stroke,
whereas the J-EDIT suggested the possible association between
hypoglycemia and stroke’. The incidence of stroke was also
numerically high in group 4, which had the highest incidence
of severe hypoglycemia, although no significant difference in
the risk was observed between the subgroups. Therefore, stroke
might be associated with the incidence of hypoglycemia, but no
definitive conclusions can be drawn from the present study.

In the J-EDIT study carried out during the early 2000s, the
initial screening criteria for HbAlc were >7.4% or >7.9%, and
the median HbAlc level was 7.5% at the landmark time’. At
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Table 3 | Hazard ratios with 95% confidence intervals using multivariate Cox proportional hazards models for the primary outcome and
cardiovascular components

HR 95% Cl P-value
Primary outcome
Group 1 1 - -
Group 2 (vs group 1) 1.025 0.600-1.750 0928
Group 3 (vs group 1) 0907 0.549-1497 0.702
Group 4 (vs group 1) 1.948 1.252-3.031 0003
Age 1.041 1.013-1.070 0004
Sex, female (vs male) 0466 03240670 <0.001
Antihypertensive agents 1468 1.018-2.115 0.040
(vs without the agents)
Antihyperlipidemic agents 0939 0662-1.331 0724
(vs without the agents)
Antithrombotic agents/coronary 1549 0983-2439 0.059
vasodilators (vs without the agents)
CKD (vs without) 1.376 0962-1.969 0.080
Diabetic retinopathy (vs without) 1212 0.779-1.884 0393
Diabetic neuropathy (vs without) 0652 0.353-1.203 0171
Atrial fibrillation (vs without) 1077 0491-2.361 0853
cad 1.156 1017-1.314 0026
HbATc on the first visit day for DM 1.058 0981-1.142 0.145
Stroke Cardiac disease Coronary revascularization
HR 95% Cl P-value HR 95% Cl P-value HR 95% Cl P-value
Cardiovascular components
Group 1 1 - - 1 - - 1 - -
Group 2 (vs group 1) 1339 05883050 0487 0985 0473-2053 0969 1231 0483-3.136 0664
Group 3 (vs group 1) 1.147 0525-2510 0.731 0877 0444-1.734 0.706 1.107 04542697 0823
Group 4 (vs group 1) 1.564 0.733-3337 0247 2503 14094448 0.002 2649 1.234-5686 0012
Age 1051 1.005-1.098 0028 1.047 1010-1084 0012 1013 0966-1062 0597
Sex, female (vs male) 0499 0.278-0.895 0020 0495 0.311-0.786 0003 0.348 0.181-0671 0002
Antihypertensive agents 1.164 0655-2.068 0605 1.892 1.159-3.088 0011 1332 0.729-2432 0351
(vs without the agents)
Antihyperlipidemic agents 1.000 0.566-1.768 0999 0842 0.534-1.325 0457 0.715 0.391-1.306 0.275
(vs without the agents)
Antithrombotic 1266 05882727 0546 1440 07882633 0236 1627 07593487 0210
agents/coronary vasodilators
(vs without the agents)
CKD (vs without) 1153 06432068 0632 1510 0951-2398 0081 2434 1344-4407 0003
Diabetic retinopathy (vs without) 1.002 0480-2.094 0995 1430 0816-2.507 0.211 1648 0.833-3.262 0.151
Diabetic neuropathy (vs without) 1.225 0.528-2.839 0637 0335 0.120-0933 0036 0.704 0.270-1.839 0474
Atrial fibrillation (vs without) 0746  0.165-3382 0705 1464 0572-3750 0426 0362  0046-2834 0333
ca 1.165 0.949-1431 0.145 1.119 0946-1.324 0.190 1.103 0887-1.373 0378
HbA1c on the first visit day for DM 1037 09141177 0570 1.080 0981-1.189 0.115 1.087 0963-1.227 0175

Primary outcome and cardiovascular components: For the multivariate Cox proportional hazards model, the following baseline parameters were
included as covariates: glycated hemoglobin (HbA1c; groups 1-4) at the index date, age, sex, prescription of antihypertensive agents, prescription
of antihyperlipidemic agents, prescription of antithrombotic agents/coronary vasodilators, chronic kidney disease, diabetic retinopathy, diabetic neu-
ropathy, atrial fibrillation, Charlson Comorbidity Index and HbA1c on the first visit day for diabetes mellitus. Cl, confidence interval; HR, hazard ratio;
CKD, chronic kidney disease; CCl, Charlson Comorbidity Index.

that time, it could have been difficult for physicians to provide J-EDIT, probably due to inclusion of patients with low HbAlc
strict glycemic control to older patients while avoiding hypo- levels (HbAlc levels <7.0%) at the first visit. Therefore, the
glycemia®. Alternatively, the median HbAlc level was 6.6% in  lower HbAlc level of the study compared with the previous
the present study, which was lower compared with that in the  study might be attributable to the inclusion of patients with
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Table 4 | Multivariate Cox proportional hazards model for severe hypoglycemia and fracture

Severe hypoglycemia HR 95% Cl P-value
Group 1 1 - -
Group 2 (vs group 1) 0.259 0031-2.169 0213
Group 3 (vs group 1) 0484 0.119-1.963 0310
Group 4 (vs group 1) 1403 0488-4.036 0530
Age 1.046 0974-1.124 0218
Baseline period 1.228 0678-2.226 0498
Depression (vs without) 0.000 - 0.988
Liver disease (vs without) 0619 0.142-2.691 0522
CKD (vs without) 1487 0.590-3.747 0400
Insulin/sulfonylurea/glinide (vs without insulin/sulfonylurea/glinide) 4209 1.090-16.251 0037
No. drug types prescribed during baseline period 1012 0.980-1.046 0461
HbA1c on the first visit day for DM 1.089 0916-1.294 0335
Fractures HR 95% Cl P value
Group 1 1 - -
Group 2 (vs group 1) 0733 0464-1.157 0.182
Group 3 (vs group 1) 0925 0630-1.358 0691
Group 4 (vs group 1) 1.169 0.773-1.766 0460
Age 1.071 1.048-1.095 <0.001
Sex, female (vs male) 2.164 1.586-2.955 <0001
HbATc on the first visit day for DM 0919 0.847-0.997 0043

Severe hypoglycemia: In the multivariate Cox proportional hazards model, the following baseline parameters were included as covariates: glycated
hemoglobin (HbA1c; groups 1-4) at the index date, age, baseline period, depression, liver disease, CKD, prescription of insulin/sulfonylurea/glinide,
number of drugs prescribed and HbATc on the first visit day for diabetes mellitus (DM). Fracture: In the multivariate Cox proportional hazards
model, the following baseline parameters were included as covariates: HoATc (groups 1-4) at the index date, age, sex and HbATc on the first visit
day for DM. Cl, confidence interval; CKD, chronic kidney disease; HR, hazard ratio.

adequate glycemic control, although it is possible that advances
in diabetes therapy over the past decade, as well as setting of
glycemic control goals for older patients based on the guideline
after the J-EDIT study, have improved the control of HbAlc
levels.

No consistent evidence has suggested an association between
glycemic control and the risk of fractures'****°, Accordingly, the
current study showed no relationship between glycemic control
levels and fractures. Apart from HbAlc levels, several risk factors
have been reported to be associated with fractures, including
decreased skeletal muscle mass, decreased visual acuity due to
diabetic complications, falls due to neuropathy, bodyweight, fam-
ily history and smoking”®*’. Given that data regarding such fac-
tors were not included in the utilized database, our analysis of
fractures could only be exploratory in nature.

The current study had some limitations worth noting.
First, the utilized database does not collect information on
patients with diabetes mellitus who visit general clinics or
non-Diagnosis Procedure Combination hospitals. As such, it
is not possible to capture the outcome of events if patients
are transported to a hospital other than the hospital where
they visit regularly due to diabetes mellitus. However, given
that this database contains data from acute care hospitals,
including approximately 20% of major hospitals across Japan,

the dataset can be deemed representative of the clinical prac-
tice involving older adults. Second, considering that the pre-
sent study excludes vulnerable older adults with a history of
cardiovascular diseases, dementia or cancer and a small pro-
portion of older adults aged >75 years, the results cannot be
extrapolated to include such patients. Third, there are some
potential confounders in the present study. Bodyweight, blood
pressure and smoking history are well-known risk factors for
CV events, but these factors are not completely described in
the database and, thus, were not analyzed. Lipid parameters
(such as low-density lipoprotein cholesterol) and renal related
parameter (such as estimated glomerular filtration rate) are
also potential confounders, but these values were only seen
in a limited number of patients. For these reasons, we used
prescriptions or diagnosis records as alternatives to these
parameters for risk assessment. Finally, the follow-up period
was shorter than that of previous studies. The results of the
study warrant further investigation with a longer follow-up
period.

In conclusion, the current study showed that the risk of car-
diovascular events is associated with poor glycemic control
among older adults with diabetes mellitus. However, strict con-
trol in patients with HbAlc <7.2% is not associated with a
reduced risk of cardiovascular diseases.

© 2021 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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