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ABSTRACT
Aims/Introduction: To investigate the changes in the glycated hemoglobin (HbA1c)
levels and the relative status of the glycemic control related to the new glycemic
targets recommended by the Japan Diabetes Society/Japan Geriatrics Society Joint
Committee in 2016 in patients with diabetes mellitus visiting a memory clinic from
2012 to 2020.
Materials and Methods: This cross-sectional study included 1,436 patients aged
≥65 years with diabetes. Patients were categorized into three categories as follows:
category I, intact cognitive function and activities of daily living (ADL); category II, mild
cognitive deficits or impaired instrumental ADL; and category III, moderate to severe
cognitive impairment or impaired basic ADL. Trends in HbA1c levels, glycemic control
status (optimally/poorly/excessively controlled) and proportion of individuals receiving
drugs potentially associated with severe hypoglycemia among all patients and categories
(I, II or III) from 2012 to 2020 were examined using linear, logistic and multinominal
logistic regression models adjusted for confounding factors.
Results: Between 2012 and 2020, the HbA1c levels, as well as the proportion of
patients with poor glycemic control, increased, whereas the proportion of patients with
excessive glycemic control and those receiving drugs potentially associated with severe
hypoglycemia decreased.
Conclusions: Increased levels of HbA1c and decreased proportions of individuals
under excessive glycemic control might reflect recent treatment strategies that avoid
hypoglycemia in older patients. Given the adverse complications associated with
hyperglycemia, more flexible and individualized glycemic targets based on comprehensive
assessments, including vascular complications and comorbidities, might be necessary.
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INTRODUCTION
The prevalence of diabetes mellitus among older adults is
increasing1. In Japan, the prevalence of diabetes mellitus among
adults aged ≥70 years is estimated to be 26.4% and 19.6% in
men and women, respectively2. Diabetes mellitus is associated
with an increased risk of cancer3, depression4, cognitive decline,
dementia5,6, and microvascular and macrovascular complica-
tions7. Developing successful strategies to prevent adverse health
consequences and maintain the quality of life for patients with
diabetes is considered an urgent priority nowadays.
Previous randomized controlled trials focused on the ability

of intensive glycemic control to prevent adverse health out-
comes among older adults; however, no reduction in major car-
diovascular events8–10 or microvascular complications8,10 was
observed. Furthermore, intensive interventions to reduce gly-
cated hemoglobin (HbA1c) levels for 3.5 years elevated mortal-
ity with no reduction in major cardiovascular events10. In
addition, it has been reported that a severe hypoglycemia asso-
ciated with intensive glycemic control might increase the risk of
falls, fall-related fractures, cognitive decline and dementia11,12.
Based on this evidence, several guidelines and position state-
ments13–16 to date have suggested exercising care to avoid
hypoglycemia, and have emphasized the importance of deter-
mining glycemic targets for older adults by considering patient
characteristics, such as age, cognitive and physical function,
ability to carry out activities of daily living (ADL), and comor-
bidities.
In 2013, the Japan Diabetes Society (JDS) published practice

guidelines for the treatment of diabetes and suggested a new
concept for glycemic control17. In the declaration, the optimal
HbA1c level was set at <7.0% to prevent microvascular compli-
cations. However, for individuals with treatment objectives
aimed at normal glycemia, the HbA1c level was set at <6%,
and for those with hypoglycemia as a potential intervention
side-effect, the ideal level was set at <8.0%17. The JDS/Japan
Geriatrics Society (JGS) Joint Committee on Improving Care
for Elderly Patients with Diabetes proposed the “Glycemic Tar-
gets for Elderly Patients with Diabetes”18 in 2016 and a Practi-
cal Guideline for the Treatment of Elderly Diabetes19 in 2017.
These reports proposed that the glycemic target, HbA1c, should
be determined by classifying the patient into one of the follow-
ing categories: category I, intact cognitive function and ADL;
category II, mild cognitive impairment to mild dementia or
impairment of instrumental ADL; and category III, moderate
or severe dementia, impairment of basic ADL, or presence of
multiple comorbidities. The lower limit of each glycemic target
is specified for different drugs associated with a high risk of
severe hypoglycemia18.
This proposal of new glycemic targets has significantly

affected clinical practices, especially for older patients with dia-
betes and cognitive impairment and/or disability20. However,
there has been no study analyzing the impact of the new glyce-
mic targets on patients with diabetes. Therefore, the present

study aimed to examine the changes in HbA1c and the relative
status of glycemic control associated with the new glycemic tar-
gets from 2012 to 2020 among patient with diabetes mellitus
visiting a memory clinic.

MATERIALS AND METHODS
Study population
The present cross-sectional study included patients who met
the following criteria: (i) visiting the National Center for Geri-
atrics and Gerontology memory clinic of Japan from January
2012 to December 2020; (ii) completed a comprehensive geri-
atric assessment (CGA) including cognitive and blood tests; (iii)
aged ≥65 years; and (iv) had a self-reported history of diabetes,
antidiabetic medications use, or HbA1c levels ≥6.5%. As
patients usually undergo comprehensive geriatric assessment,
including blood tests, on their first visit, almost all data were
derived from their first visit. Only their first data, for both
comprehensive geriatric assessment and blood test results, were
assigned to the respective calendar year, even if the patients
had multiple visits to the memory clinic.
All participants approved the use of their data in the study,

and the Ethics Committee of the National Center for Geriatrics
and Gerontology approved the study protocol (approval num-
ber #1569).

Measurements and categorization of patients
General patient information, such as age, sex, education, body
mass index, HbA1c levels, estimated glomerular filtration rate
and current medications, was retrieved from patient clinical
charts. The basic and instrumental ADL were assessed using
the Barthel Index21 and modified Lawton Index22, respectively.
Those with scores of <80 were considered as having disabled
basic ADL. Three items of the Lawton Index (“preparing food,”
“housecleaning” and “laundry”) were not applicable to many of
the male patients; therefore, these three items were excluded
from the calculation of the Lawton Index for men. Those who
had a total score of <5 in men and <8 in women were consid-
ered as having disabled instrumental ADL.
Global cognitive function was assessed using the Mini-

Mental State Examination (MMSE)23. The severity of cognitive
impairment was operationally categorized into intact cognitive
function (MMSE score, ≥28), mild cognitive deficits (MMSE
score, 21–27) or moderate-to-severe impairment (MMSE score,
0–20)24,25.
Ultimately, patients were categorized based on their com-

bined cognitive function and ADL ability as follows: intact cog-
nitive function and ADL (category I), mild cognitive deficits or
impairment of instrumental ADL (category II) and moderate-
to-severe cognitive impairment or impairment of basic ADL
(category III)18.

Status of glycemic control
To assess the status of glycemic control relative to the glycemic
targets of the JDS/JGS Joint Committee18, the patients were
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divided into optimally, poorly and excessively controlled groups,
according to whether they were receiving insulin, sulfonylureas
and/or glinides. HbA1c levels of each category are shown in
Table 1.

Statistical analysis
Trends in mean HbA1c levels were analyzed using the Jon-
ckheere–Terpstra trend test. Trends in the proportion of
individuals receiving drugs that are potentially associated with
severe hypoglycemia and that of those in the optimally,
poorly and excessively controlled groups were analyzed using
the Cochran–Armitage test and the multinominal Cochran–
Armitage test26, respectively. In addition, multivariate analysis
using linear, logistic and multinominal logistic regression
models were carried out by adjusting potential confounding
factors of age, sex, education and body mass index for the
continuous, dichotomous and multinominal outcomes,
respectively. Statistical analyses comparing the three cognitive/
ADL categories (I, II and III) and the prescription drugs
associated with high risk of severe hypoglycemia were carried
out.
Also, we analyzed the trends in the proportion of individuals

receiving drugs that are not potentially associated with severe
hypoglycemia (biguanides, a-glucosidase inhibitors, thiazolidine-
diones, dipeptidyl peptidase-4 inhibitors, glucagon-like peptide-
1 receptor agonists and sodium–glucose cotransporter 2 inhibi-
tors) using the Cochran–Armitage test.
Differences in mean HbA1c levels between 2012–2015 and

2016–2020 were also compared to understand the influence of
published glycemic guideline targets on glycemic levels.
All statistical analyses were carried out using Stata version

14.0 (Stata Corp, College Station, TX, USA) and R version
4.0.2 (The R Foundation for Statistical Computing, Vienna,
Austria). All P-values are two-tailed, and the significance level
was set at 0.05.

RESULTS
Overall, 1,436 patients with diabetes aged ≥65 years were
included in the present study. A flowchart of patient selection

is shown in Figure S1. Patient characteristics by calendar year
are shown in Table 2.
A significant positive trend was found (P = 0.005) for mean

HbA1c across all patients from 2012 to 2020. An increasing
HbA1c trend from 2012 to 2020 was only found in category III
patients (P < 0.001; Figure 1). In linear regression analyses
adjusted for the potential confounding factors, these trends
remained significant in all patients (P = 0.022; Table 3) and in
category III patients (P = 0.002; Table 3). Figure S2 shows time
trends in HbA1c levels in patients with optimally, poorly or
excessively controlled glycemic levels in each category. In cate-
gory II patients, a decreasing HbA1c trend was significantly
found in patients with poorly controlled HbA1c levels
(P = 0.012; Figure S2b), whereas this trend was not significant
after adjustment for the potential confounding factors
(P = 0.109).
From 2012 to 2020, the percentage of patients with poorly

controlled glycemic levels increased, whereas that of those with
excessively controlled glycemic levels decreased (Figure 2a;
P < 0.001). The proportion of individuals receiving drugs that
are potentially associated with severe hypoglycemia deceased
from 2012 to 2020 (Figure 2b; P < 0.001). These trends were
found in categories II (P = 0.002; Table 3) and III patients
(P < 0.001; Table 3).
Overall, the mean HbA1c levels significantly increased from

2012 to 2020 regardless of the medication status for hypo-
glycemia (not receiving medication, P = 0.001; receiving medi-
cation, P = 0.025), and the proportion of patients with poorly
controlled glycemic levels increased significantly (not receiving
medication, P < 0.001; receiving medication, P = 0.001;
Table S1).
Figure S3 shows the trends in the proportions of patients

receiving drugs that are not potentially associated with severe
hypoglycemia. From 2012 to 2020, the percentage of patients
receiving biguanides (Figure S3a, P = 0.018), glucagon-like
peptide-1 receptor agonists (Figure S3e, P = 0.006) and SGLT2
inhibitors (Figure S3f, P < 0.001) significantly increased,
whereas that of those receiving a-glucosidase inhibitors
decreased (Figure S3b, P = 0.005).

Table 1 | Classification of patients’ status of glycemic control (glycated hemoglobin) related to the “Glycemic Targets for Elderly Patients with
Diabetes” by the Japan Diabetes Society/Japan Geriatrics Society Joint Committee

Category I Category II Category III

Patients not receiving drugs associated with high risk of severe hypoglycemia
Optimally controlled <7.0% <7.0% <8.0%
Poorly controlled ≥7.0% ≥7.0% ≥8.0%

Patients receiving drugs associated with high risk of severe hypoglycemia
Optimally controlled 6.5–7.4% (65–74 years) 7.0–7.9% (≥75 years) 7.0–7.9% 7.5–8.4%
Poorly controlled ≥7.5% (65–74 years) ≥8.0% (≥75 years) ≥8.0% ≥8.5%
Excessively controlled <6.5% (65–74 years) <7.0% (≥75 years) <7.0% <7.5%

Category I, intact cognitive function and activities of daily living (ADL); category II, mild cognitive deficits or impairment of instrumental ADL;
category III, moderate or severe cognitive impairment, or impairment of basic ADL.
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Comparisons between 2012–2015 and 2016–2020 showed a
small significant increase in HbA1c levels (7.2% – 1.3% vs
7.3% – 1.3%; P = 0.043), a significant decrease in the percent-
age of individuals receiving medications that are associated with
high risk of severe hypoglycemia (34.0% vs 20.1%, P < 0.001),
and significant increase and decrease in the proportions of
patients with poorly and excessively controlled glycemic levels
(22.5% vs 31.6%, P = 0.002; 15.3% vs 6.5%; P < 0.001; respec-
tively, Table S2).

DISCUSSION
This is the first study to report changes in HbA1c levels and
status of glycemic control relative to the glycemic targets set by
the JDS/JGS Joint Committee between 2012 and 2020 among
patients with diabetes mellitus visiting a memory clinic. The
present findings show that the glycemic targets proposed in
April 2016 had a significant impact on diabetes treatment dia-
betes treatment and clinical practices.
We reported a significant decreasing trend in the proportion

of patients with excessively controlled glycemic levels and those
receiving drugs that are potentially associated with severe hypo-
glycemia between 2012 and 2020. In contrast, the proportion of
patients receiving biguanides and SGLT2 inhibitors increased
during the study period. A retrospective nationwide study
including 1,136,723 patients with type 2 diabetes in Japan
showed that the use of biguanides and SGLT2 inhibitors
increased from 2014 to 2017, whereas the use of other drugs,
including sulfonylureas, decreased27. Another study that ana-
lyzed the data provided by the Japan Diabetes Clinical Data
Management Study Group also showed that the usage of sul-
fonylureas decreased, whereas the usage of biguanides increased
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Figure 1 | Time trends in glycated hemoglobin (HbA1c) among all
patients and each category between 2012 and 2020. *Increase in
HbA1c levels among all patients and those in category III was
statistically significant (P = 0.022 and 0.002 respectively) after adjusting
the confounding factors. Category I, intact cognitive function and
activities of daily living (ADL); category II, mild cognitive deficits or
impairment of instrumental ADL; category III, moderate or severe
cognitive impairment, or impairment of basic ADL.
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from 2002 and 2019 among 25,751 patients treated with oral
antidiabetic drugs and without insulin or glucagon-like peptide-
1 receptor agonists28. The current study supported these find-
ings in older patients with diabetes and cognitive impairment.
These findings are important given that severe hypoglycemia
can lead to adverse health outcomes, such as cognitive decline,
disability and mortality12,29. In Japan, it was previously shown
that patients with excessively and poorly controlled glycemic
levels were at a higher risk of basic ADL disability over a
1-year follow up compared with optimally controlled patients30.
An analysis including 136,931 patients with type 2 diabetes

from Germany, Austria, Switzerland and Luxembourg reported
that the proportion of patients treated with intrinsic hypo-
glycemic medications, including insulin, sulfonylurea and glin-
ides, alone or in combination, decreased over the past
15 years31. Similar trends were also observed in the USA32 and
Hong Kong32. It was reported that such declines in

hypoglycemic treatments tend to correspond with decreased
severe hypoglycemic events31,33.
A previous study investigating the association between dia-

betes medications and metrics from continuous glucose moni-
toring showed that the use of drugs with a high risk of
severe hypoglycemia was associated with time below range
(<70 mg/dL) in 172 older adults with type 2 diabetes.34 Nev-
ertheless, in this study34 carried out after the proposal of the
new glycemic target18, older patients had a mean time below
range of 0.1%, and just two patients received a higher dose of
sulfonylureas. These results might be attributed to wide recog-
nition of the Joint Committee’s guidelines34. Although the
current study lacked information about the incidence of hypo-
glycemic events, our findings suggest that the Joint Commit-
tee’s guidelines are helpful for reducing hypoglycemia and
associated complications in older adults with diabetes mellitus
and cognitive impairment.

2012 2013

100

2014 2015 2016 2017 2018 2019 2020
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40

20
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Optimally controlled group
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All patients
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Receiving drugs potentially
associated with severe
hypoglycemia

Figure 2 | Time trends in the (a) status of glycemic control relative to the glycemic targets recommended for elderly patients by the Japan
Diabetes Society/Japan Geriatrics Society Joint Committee and (b) proportion of patients receiving drugs associated with a high risk of severe
hypoglycemia between 2012 and 2020 among all patients.
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The current study showed a general increase in HbA1c levels
for the entire population, particularly in category III patients
(Figure 1). Additionally, regardless of whether receiving drugs
associated with a high risk of severe hypoglycemia, HbA1c
levels increased over time. The present findings are consistent
with a recent cross-sectional analysis investigating trends in
HbA1c levels between 2001 and 2018 among 3,539 older
Americans aged ≥65 years using the National Health and
Nutrition Examination Survey35. This analysis showed that the
mean HbA1c levels increased slightly from 6.8% (2001–2004)
to 7.0% (2013–2018), but this increase did not vary with
patient’s health status35. Conversely, a trend analysis in Ger-
many, Austria, Switzerland and Luxembourg showed that
HbA1c levels decreased slightly from 7.3% in 2005 to 7.2% in
201931. That study found that decreases in HbA1c levels did
not differ among older patients with or without cognitive
impairment31. Additionally, HbA1c levels of 719,438 patients
with diabetes in Hong Kong (aged ≥20 years) decreased from
7.6% in 2002 to 7.2% in 201633. However, increased mean
HbA1c was observed from 2014 to 2016 in that study33, which
may suggest concerns that the trend of HbA1c might rise in
more recent years33. In the current study, HbA1c levels for all
patients remained relatively constant for the first 6 years of the
study (from 2012 to 2017), and increases were only observed
for the last 3 years of the study (from 2018 to 2020; Figure 1).
Thus, increases in HbA1c levels reported in the current study
might reflect large increases observed in recent years.
We found a significant increase in the proportion of patients

with poorly controlled glycemic levels from 2012 to 2020 (Fig-
ure 2a). In this context, Nakanishi et al.36 showed that a poor
glycemic control with HbA1c level ≥8.5% increased the risk of
microangiopathy, including retinopathy and neuropathy, among
Japanese patients aged ≥65 years. In addition, hyperglycemia
defined as HbA1c levels ≥8.0% is associated with increased risks
of frailty, decreased muscle quality, impaired physical perfor-
mance, injurious falls requiring hospitalization and mortality in
older adults37–40. Although the disadvantages of poor glycemic
control in older adults is apparent, it might be difficult to
archive more stable glycemic targets in patients at risk of devel-
oping side-effects from multidrug combination therapies or
with serious comorbidities. More flexible and individualized gly-
cemic targets based on comprehensive assessments, including
vascular complications and comorbidities, might be necessary.
Intriguingly, despite a clear increase in the percentage of

patients with poorly controlled glycemic levels and a dramatic
decrease in the percentage of patients with excessively con-
trolled glycemic levels, HbA1c levels of patients in category II
remained unchanged during the study period (Table 3). These
findings might be attributable to a decreasing HbA1c trend in
patients in the poorly controlled group in category II (Fig-
ure S2b), showing a possibility that excessive hyperglycemia is
decreasing among this population. To examine the impact of
the increase of patients with poorly controlled glycemic levels
on their health outcomes, further studies investigating the trend

in the incidence rate of serious hyperglycemic emergencies,
such as diabetic ketoacidosis and hyperglycemic hyperosmolar
state, are required.
The current study had several limitations. First, this study

focused on older adults with diabetes and cognitive impairment;
this might limit its applicability to the general population. Nev-
ertheless, because most of the patients in the current study were
first-visit patients who were referred by their general practition-
ers or family members to our memory clinic, our findings
seemed to show a change in glycemic management by their
general practitioners. Second, the study focused on patients
from Aichi prefecture in Japan and, therefore, might not reflect
the glycemic trends nationwide. Third, the current study lacked
some information about the duration of diabetes, doses of
antidiabetic drugs and diabetic complications that could have
impacted glycemic control measurements. Furthermore, the
current study lacked information about the annual incidence
rates of serious hyperglycemic emergencies and severe hypo-
glycemic events. Finally, the analyses were descriptive, and
could not examine directly how the guideline of the JDS/JGS
Joint Committee affected the changes in HbA1c and glycemic
control over time.
In conclusion, the HbA1c levels increased, and the propor-

tion of patients under excessive glycemic control decreased in
1,436 patients with diabetes visiting a memory clinic from
2012 to 2020. Over the same period, the proportion of
patients categorized as having poor glycemic control increased.
These findings might reflect a treatment shift to less stringent
glycemic control for older patients to avoid severe hypo-
glycemia. Given the adverse complications associated with
hyperglycemia, flexible and individualized glycemic targets
based on a comprehensive patient assessment might be neces-
sary. Further studies providing evidence about optimal glyce-
mic control for older adults with diabetes must be carried
out. We hope that the guidelines would be revised and
improved in the near future for achieving and maintaining
patients’ good quality of life.
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Figure S1 | Patient selection flowchart for analysis.

Figure S2 | Time trends in glycated hemoglobin levels in each status of glycemic control in each category from 2012 to 2020.

Figure S3 | Time trends in the proportions of patients receiving (a) biguanides, (b) a-glucosidase inhibitors, (c) thiazolidinediones,
(d) dipeptidyl peptidase-4 inhibitors, (e) glucagon-like peptide-1 receptor agonists and (f) sodium–glucose cotransporter 2 inhibitors
from 2012 to 2020.

Table S1 | Time trends in the status of glycemic control related to the glycemic targets recommended for elderly patients by the
Japan Diabetes Society/Japan Geriatrics Society Joint Committee among patients not receiving or receiving drugs associated with
high risk of severe hypoglycemia.

Table S2 | Difference in status of glycemic control related to the glycemic targets recommended for elderly patients by the Japan
Diabetes Society/Japan Geriatrics Society Joint Committee between 2012–2015 and 2016–2020.
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