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Aims: In Taiwan, 24.7% of the population aged �65 years has been diagnosed with type 2

diabetes. Only 23% of diabetes patients effectively conduct self-management. This study

focused on the effects of self-management among type 2 diabetes patients aged �65 years

on the effectiveness of their HbA1c control.

Methods: This cross-sectional study enrolled patients aged �65 years with type 2 diabetes

who were admitted to a metabolic clinic at a medical center and treated over six months.

192 patients were recruited, and data were recorded using structured questionnaires. The

HbA1c level of the recruited subjects was measured for statistical analysis.

Results: Older age, education, living alone, and an above-average level of self-management

were associated with increased HbA1c control effectiveness; patients who used insulin had

worse HbA1c control effectiveness.

Conclusion: That cohabitants living with diabetes patients affected the effectiveness of

HbA1c control, suggesting that family members should also participate in self-

management education programs. Given the advances in information networks, a lively

and interactive mode of health education animation for uneducated diabetes patients

should be developed, and medical teams should be encouraged to establish a two-way

communication channel with patients improve the effectiveness of HbA1c control in dia-

betes patients aged >65 years.
� 2019 Elsevier B.V. All rights reserved.
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the gradual negligence of self-management [9]. However,

1. Introduction

Diabetes is a chronic, progressive, and long-term disease that

affects body systems. Diabetes develops as a result of obesity,

progressive reduction of beta-cell secretion of insulin, and

insulin resistance and has the highest prevalence among

the elderly population [1]. According to the International Dia-

betes Federation (IDF), the number of people with diabetes

worldwide was 425 million in 2017 and is likely to increase

to 629 million by 2045 [2], making diabetes care an issue of

global concern. The medical cost of diabetes care is high.

The cost of treating diabetes in the United States in 2017

was $327 billion [3]. In Taiwan, medical expenses related to

diabetes care amount to NT 5.489 billion, accounting for

5.2% of the expenses of the National Health Insurance and

ranking second in the top 10 diseases in outpatient clinics

(including emergency departments) [4]. At present, 24.7% of

the elderly people aged >65 years in Taiwan have been diag-

nosed with diabetes, accounting for 14% of the total number

of diabetes patients [5,6], indicating that diabetes care may

impose a heavy economic burden on society.

Diabetes control requires good self-management of dia-

betes. This self-management includes receiving relevant dia-

betes control education, gaining relevant knowledge, and

having the support and skills to implement and maintain

these behaviors [7]. Daily practice can reduce obstacles and

solve problems in self-management of diabetes and help

guide patients to make medical decisions [7]. Patients with

better self-management are more effective at glycated hemo-

globin (HbA1c) control [8,9]. Elderly with type 2 diabetes tend

to develop depression due to their need to learn complex self-

management skills and to change their lifestyles; thus,

elderly individuals with diabetes have a higher risk of depres-

sion compared to the risk in those without [10]. Studies also

revealed that diabetes patients with depression and more

diabetes-related emotional problems have significantly less

effective HbA1c control [11]; treatment hindrance and

increased complications result in increased medical expenses

and disability rates in daily life [10], underscoring the impor-

tance of preventing and treating depression due to self-

management in diabetes patients. Elderly with type 2 dia-

betes need to complete complex self-management and

change their lifestyles. To this end, they usually require help

from social sectors such as friends, family members, health

care providers, and community resources [12]; Spencer et al

suggested that education and support from peer leadership

and community involvement allow diabetes patients with

limited resources to achieve self-management in the long

term, leading to good effectiveness of HbA1c control and alle-

viation of psychological stress associated with diabetes [13].

The HbA1c level has always been the main indicator of the

effectiveness of diabetes control and is currently recom-

mended to be <7% so as to reduce the risk of microvascular

disease long term [14,15], However, only 23% of diabetes

patients comply with treatments and control their HbA1c

levels to <7% [16]. Studies have shown that diabetes self-

management leads to significant effectiveness of HbA1c con-

trol [1,15]. Diabetes control requires patients to comply with

long-term treatments and conduct self-management, which
may cause patients to feel tired and depressed, resulting in

few studies have explored the correlation between social par-

ticipation and the effectiveness of HbA1c control. In clinics,

social participation has been reported to potentially reduce

depression and promote self-management in patients with

type 2 diabetes. Therefore, the present study explored factors

influencing the effectiveness of HbA1c control in type 2 dia-

betes patients aged >65 years.

2. Materials and methods

2.1. Design

The study population included type 2 diabetes patients who

were admitted to a metabolic and endocrinology clinic at a

medical center in the southern region between November

30, 2016, and June 30, 2017. Samples were obtained by conve-

nience sampling. Using a structured questionnaire, diabetes

patients who met the requirements for subject recruitment

and who were willing to participate in this study were

selected as subjects. After the required number of samples

was achieved, data analysis was performed. The inclusion cri-

teria were as follows: (1) patients aged �65 years who were

diagnosed with type 2 diabetes by physicians and who had

been treated for at least six months; (2) patients who were

conscious and able care for themselves; and (3) patients

who could clearly communicate in Mandarin and Taiwanese.

The study program was reviewed and approved by Institu-

tional Review Board of the Kaohsiung Veterans General

Hospital (VGBKS16-CT12-22). Written informed consent was

obtained from each participant before data collection.

2.2. Instruments

This study adopted a structured questionnaire for data collec-

tion. The questionnaires consisted of four parts, in the order

of patients’ basic information, Perceived Diabetes Self-

Management Scale (PDSMS) with eight questions, the Tai-

wanese Depression Questionnaire (TDQ) with 18 questions,

and the Social Participation Scale with 12 questions—thereby

totaling 38 questions. The recruited subjects were divided

into normal and abnormal groups according to HbA1c levels

(tested after recruitment) retrieved through their medical

record numbers. The questionnaires were subject to expert

validity testing. The content validity index (CVI) values of

the scales were between 0.88 and 1.0. The number of subjects

required for this study was calculated using G-power 3.1.9.2.

As described by Cohn (1988), with a statistical power of 0.8,

an effect size (f2) of 0.15, and a of 0.05, the number of required

samples was 170 [17]. Assuming an estimated invalid ques-

tionnaire rate of 10%, at least 200 questionnaires were, thus,

required. In this study, 200 questionnaires were distributed

and 192 questionnaires were returned, corresponding to a

recovery rate of 96%.

2.2.1. PDSMs
The PDSMS [18] was translated from the English edition

described by Wallston et al. [19]. The scale consisted of a total
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of eight questions scored using a five-point Likert scale, with

each question’s score ranging from 1 (‘‘strongly disagree”) to 5

(‘‘strongly agree”). Questions 5–8 contained negative words

and were scored in a reverse manner; the total score range

was 8–40, with a higher score indicating better diabetes self-

management perceived by the patient. The Cronbach’s a

value was 0.695 in pre-testing of the questionnaires and

0.936 in the actual questionnaire survey.

2.2.2. TDq
The TDQ developed by Lee et al. [20] was adopted in this study

to evaluate the degree of depression among the subjects. It

consisted of a total of 18 question measured by a four-point

Likert scale, with each question’s score ranging from 0 (‘‘none

or very few (<1 day per week)”) to 3 (‘‘often or always (5-7 days

per week)”), with the total score ranging from 0 to 54. Subjects

were categorized as normal, slightly depressed, moderately

depressed, and highly depressed for total scores below 8, 9–

14, 15–18, and above 19, respectively. The Cronbach’s a value

was 0.892 in the pre-testing of the questionnaires and was

0.865 in the actual questionnaire survey.

2.2.3. Social participation scale
The social participation scale described by Tien and Chiou [21]

was adopted in this study to measure the social participation

of the subjects in their daily lives. This scale was based on the

social participation scale proposed by Chang (2007) [22] and

the Assessment of Life Habits (LIFE-H) of Fougeyrollas et al.

(1998) [23]. The scale consisted of five sub-scales: personal

and social responsibilities (questions 1–3), interpersonal

interactions (questions 4–6), community life (questions 7–9),

education and work (questions 10–11), and leisure and enter-

tainment activities (question 12). Questions 1–10 and 12 were

measured by four-point Likert scales, with each question’s

score ranging from 1 (‘‘almost none”) to 4 (‘‘frequently”).

Question 11 was scored as 1, 2, 3, and 4 points for the scenar-

ios of ‘‘currently unemployed,” ‘‘assisting family members in

their job,” ‘‘having a temporary and/or part-time paid job,”

and ‘‘having a long-term paid job and/or being self-

employed,” respectively. The total score ranged from 12 to

48, with a higher score indicating a higher degree of social

participation. The Cronbach’s a value in the pre-testing of

the questionnaires was. 794 and was 0.780 in the actual ques-

tionnaire survey.

2.3. Statistical analysis

The variables analyzed in the study were as follows: age (con-

tinuous), sex (male or female), perceived economic condition

(poor, average, wealthy), living condition (living alone, living

with others), education level (uneducated, primary school,

junior high school, senior high school and above), disease

duration (�10 years, 10.1–20, >20 years), current treatment

method (no insulin use, insulin use), self-management (con-

tinuous values), degree of depression (continuous values),

and social participation (continuous values). Eight individual

scores from the PDSMS (points 1–5), 18 individual scores of

the TDQ (points 0–3), and 12 individual scores of the Social

Participation Scale (points 1–4) were used.
Percentages, maximum and minimum values, means,

PDSMS, TDQ, and Social Participation Scale scores were calcu-

lated for descriptive statistical analysis and paired-samples t-

tests, independent samples t-tests, and independent-samples

one-way analysis of variance were used for inferential statis-

tical analysis. Multivariate regression analysis was performed

with the patients’ demographic data, PDSMS, TDQ, and Social

Participation Scale scores as independent variables to explore

factors related to HbA1c. p-values <0.05 were considered sta-

tistically significant. The data were managed in Excel (Micro-

soft Corp, Redmond, Washington) and analyzed using IBM

SPSS Statistics for Windows, version 20.0 (IBM Corp., Armonk,

New York).

3. Results

As shown in Table 1, the average age of 192 subjects in this

study was 74.1 years and 15.1% of the subjects were aged

>85 years. The highest proportion of patients with abnormal

HbA1c levels occurred in those aged 65–74 years (60.6%). The

majority of the subjects were male (59.4%). Abnormal HbA1c

levels were observed in 57.8% of male and 42.2% of female

subjects. Higher proportions of abnormal HbA1c level were

observed in the those with average economic condition

(54.1%) and in subjects living with other people (79.8%) com-

pared to those living alone (20.2%). Regarding education, the

highest proportion of patients with abnormal HbA1c level

occurred among those with senior high school education

and above (42.2%) compared to the other three sub-groups

(i.e., uneducated, with primary school education, and with

junior high school education). Most of the subjects had a dis-

ease duration of �10 years (39.6%). The highest proportion of

patients with abnormal HbA1c levels occurred in those with a

disease duration of 10.1–20 years (39.4%) compared to those

with disease duration of �10 and >20 years (39.4%). There

were no statistically significant differences in the above-

mentioned basic data. Among all subjects, 15.1% had insulin

treatment, and the Pearson Chi-Square (p-value) was 0.001

(<0.05), indicating a statistically significant difference; 77.1%

of patients not using insulin had HbA1c. The proportion of

subjects with abnormal HbA1c level was higher in those not

using insulin (77.1%) than that subject who used insulin

(22.9%).

Table 2 shows the correlations of the degrees of diabetes

self-management, depression, and social participation with

the HbA1c level. In all subjects, 77.1% had an above-average

degree of self-management (score above 31) (p = 0.015), indi-

cating a significant correlation between the degree of self-

management and normal HbA1c level. Among subjects with

abnormal HbA1c levels, 70.6% had an above-average degree

of self-management, while 29.4% had an average degree of

self-management (score 20–30). In all subjects, the majority

did not show depression (77.6%), while 79.8% and 20.2% of

subjects with abnormal HbA1c level were depression-free

and depressed, respectively. In all subjects, the majority

(62%) had an above-average degree of social participation,

while 60.6% and 39.4% subjects with abnormal HbA1c level

had above-average and average degrees of social participa-

tion. There was no statistically significant difference in abnor-



Table 2 – Effect of the degrees of self-management, depression, and social participation on HbA1c level.

Total Normal HbA1c Abnormal HbA1c p-valuea

(N = 192) (n = 83) (n = 109)
Characteristics n (%) n (%) n (%)

Degree of self-management (score) 0.015
Average (20–30) 44 (22.9) 12 (14.5) 32 (29.4)
Above-average (31+) 148 (77.1) 71 (85.5) 77 (70.6)

Depression 0.399
No 149 (77.6) 62 (74.7) 87 (79.8)
Yes 43 (22.4) 21 (25.3) 22 (20.2)

Degree of social participation (score) 0.640
Average (24–35) 73 (38.0) 30 (36.1) 43 (39.4)
Above-average (36+) 119 (62.0) 53 (63.9) 66 (60.6)

a chi-squared test.

Table 1 – Effect of sociodemographic characteristics on HbA1c level.

Total Normal HbA1c Abnormal HbA1c p-valuea

(N = 192) (n = 83) (n = 109)
Characteristics n (%) n (%) n (%)

Age group 0.269
65–74 years 108 (56.3) 42 (50.6) 66 (60.6)
75–84 years 55 (28.6) 25 (30.1) 30 (27.5)
�85 years 29 (15.1) 16 (19.3) 13 (11.9)

Sex
Male 114 (59.4) 51 (61.4) 63 (57.8) 0.610
Female 78 (40.6) 32 (38.6) 46 (42.2)

Perceived economic condition
Poor 49 (25.5) 23 (27.7) 26 (23.9) 0.171
Average 93 (48.4) 34 (41.0) 59 (54.1)
Wealthy 50 (26.0) 26 (31.3) 24 (22.0)

Living condition
Living with other people 143 (74.5) 56 (67.5) 87 (79.8) 0.052
Living alone 49 (25.5) 27 (35.5) 22 (20.2)

Education level
Uneducated 24 (12.5) 6 (7.2) 18 (16.5) 0.162
Primary school 62 (32.3) 32 (38.6) 30 (27.5)
Junior high school 25 (13.0) 10 (12.0) 15 (13.8)
Senior high school and above 81 (42.2) 35 (42.2) 46 (42.2)

Disease duration
�10 years 76 (39.6) 38(45.8) 38 (34.9) 0.250
10.1–20 years 73 (38.0) 30 (36.1) 43 (39.4)
>20 years 43 (22.4) 15 (18.1) 28 (25.7)

Current treatment method
No insulin use 163 (84.9) 79 (95.2) 84 (77.1) 0.001
Insulin use 29 (15.1) 4 (4.8) 25 (22.9)

a chi-squared test.
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mal HbA1c levels between the two degrees of depression and

between the two degrees of social participation.

Table 3 presents the results of regression analysis,

adjusted for the confounding effects of age, sex, perceived

economic condition, living condition, education level, disease

duration, current treatment method, self-management,

degree of depression, and degree of social participation; the

odds ratio (OR) per year of increasing age was 0.950, which

was statistically significant (p = 0.044), indicating that for

every year of age increase, the OR of abnormal HbA1c level

decreased by 5%; that is, the older the patient, the better

the effectiveness of HbA1c control.
After adjusting for the influence of other related variables,

the OR of abnormal HbA1c level in the patients living alone

was 0.368 compared to those living with others. The signifi-

cant negative correlation (p = 0.037) indicated that those living

alone had better effectiveness of HbA1c control than that in

those living with others. The ORs of abnormal HbA1c level

in the subjects with primary school education andwith senior

high school and above education were 0.197 and 0.221,

respectively, compared to being uneducated. The significant

negative correlation (p = 0.009; p = 0.021) indicated that the

educated subjects had better effectiveness of HbA1c control.

The OR of abnormal HbA1c level in those using insulin was



Table 3 – Multivariate logistic regression analysis of normal HbA1c level.

Adjusted
Variables OR 95% CI p-value OR 95% CI p-value

Age 0.965 (0.928, 1.004) 0.075 0.950 (0.904, 0.999) 0.044
Disease duration 1.028 (0.994, 1.064) 0.106 1.037 (0.996, 1.078) 0.076
Sex

Male Ref Ref
Female 1.164 (0.650, 2.085) 0.610 1.043 (0.430, 2.531) 0.926

Perceived economic condition
Poor (0) Ref Ref
Average (1) 1.535 (0.761, 3.098) 0.232 1.732 (0.767, 3.910) 0.186
Wealthy (2) 0.817 (0.371, 1.797) 0.615 1.203 (0.490, 2.955) 0.687

Living condition
Living with other people Ref Ref
Living alone 0.524 (0.272, 1.010) 0.54 0.368 (0.144, 0.942) 0.037

Education level
Uneducated (0) Ref Ref
Primary school (1) 0.313 0.030 0.197 (0.058, 0.668) 0.009
Junior high school (2) 0.500 0.266 0.335 (0.081, 1.386) 0.131
Senior high school and above(3) 0.114 0.221 (0.061, 0.794) 0.021

Current treatment method
No insulin use (0) Ref Ref
Insulin use (1) 5.878 (1.958, 17.645) 0.002 6.543 (1.986, 21.557) 0.002

Degree of self-management
Average (20–30) (0) Ref Ref
Above-average (31�) (1) 0.407 (0.194, 0.850) 0.017 0.386 (0.169, 0.884) 0.024

Depression
No Ref Ref
Yes 0.747 (0.378, 1.475) 0.400 0.622 (0.265, 1.456) 0.274

Degree of social participation
Average (24–35) Ref Ref
Above-average (36+) 0.869 (0.482, 1.567) 0.640 0.790 (0.373, 1.676) 0.540

OR, odds ratio; CI, confidence interval.
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6.543 times that in those with no insulin use. The significant

positive correlation (p = 0.002) indicated that HbA1c control

was less effective in the subjects using insulin. After adjust-

ing for the influence of other related variables, the OR of

abnormal HbA1c level in those with an above-average degree

of self-management (score above 31) was 0.386 times that in

those with an average degree (score 20–30). The significant

negative correlation between self-management and HbA1c

level (p = 0.024) indicated that patients with an above-

average degree of self-management had better effectiveness

of HbA1c control.

4. Discussion

This study investigated the association of factors such as

patients’ basic information, self-management, degree of

depression, and degree of social participation with HbA1c

level. After adjusting for the effects of the variables of age,

sex, perceived economic condition, living condition, educa-

tion level, disease duration, current treatment method, self-

management, degree of depression, and degree of social par-

ticipation, the present study revealed that the effectiveness of

HbA1c control increased with age and was better among

patients who received education, lived alone, and had an

above-average degrees of self-management. Furthermore,

patients using insulin had worse effectiveness of HbA1c con-

trol than those not using insulin.
The results of the present study found that for every one

year increase in age, the chance of abnormal HbA1c level

decreased, a finding similar to that of Maneze et al and which

was attributed to the observation that older subjects may be

more concerned about health problems and death and have

time for self-management, thereby having better effective-

ness of HbA1c control [24]. Maneze et al showed that younger

patients with type 2 diabetes needed to spend more time at

work and at home than their older counterparts and were

more prone to neglect self-management, suggesting the need

to further understand the reasons that prevent younger

patients from conducting diabetes self-management [24].

Nanayakkara et al suggested that a deeper insight into the

reasons for hindered self-management in younger diabetes

patients is necessary in the clinic and that individualized

self-management interventions should be designed to

improve the effectiveness of HbA1c control [25].

HbA1c levels were more normal in patients living alone

compared to those in patients living with other people, indi-

cating that the people living with a patient affect the effec-

tiveness of the patient’s HbA1c control. Brown et al also

found residency status (living with others or living alone) to

be an important factor affecting the effectiveness of HbA1c

control in patients with diabetes [26]. This finding may be

attributed to patients failing to make their own decisions by

accepting meals prepared by family members who do not

understand diabetes control, thereby affecting the effective-
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ness of HbA1c control [27]. Brown et al reported that family

member participation in meeting on HbA1c level control for

one year about significantly affect the patients’ HbA1c level,

indicating that encouraging the co-participation of the family

members in self-management education courses may help to

improve the effectiveness of HbA1c control [26].

Educated subjects had better effectiveness of HbA1c con-

trol than that in those who were uneducated. Uneducated

patients lack knowledge about diabetes; therefore, it is impos-

sible for them to set goals, increase self-confidence, and cul-

tivate motivation for continuous self-management, thereby

leading to poor effectiveness of HbA1c control [15,24]. Maneze

et al suggested that it is possible to improve the effectiveness

of HbA1c control in uneducated patients by focusing on the

patient to connect them with family and cultural resources

and allowing them to learn about diabetes self-management

with their families [24]. With advancements in information

networks, it is possible to develop a more lively and interac-

tive mode of health education for uneducated people by pro-

viding problem-solving methods, setting appropriate goals,

cultivating self-management motives, and implementing

other lifestyle-changing interventions to improve the effec-

tiveness of their health education.

HbA1c control was less effective in patients treated with

insulin, consistent with the reports of a number of other stud-

ies [9,28–30]. Yigazu and Desse suggested that abnormal

HbA1c levels may be due to decreased insulin secretion by

b-cells in these patients [15]. Ramirez et al found that self-

management in insulin-using individuals was significantly

associated with diabetes-related knowledge, family factors,

family lifestyles, and doctor-patient relationships [28]. There-

fore, regular monitoring of self-management and treatment

compliance in patients treated with insulin; good communi-

cation between the medical team and the patients, along with

their family members; and regular screening and understand-

ing of the lifestyle of patients and their family members will

help to improve the effectiveness of HbA1c control in

insulin-treated patients.

The degree of depression and social participation of the

subjects did not have significant effects on the effectiveness

of HbA1c control, contrary to findings reported by Houle

et al. and Lima et al. [9,31]. The inconsistency was likely due

to the fact that the subjects were followed-up for a long time

in a medical center, where they received good health educa-

tion, conducted self-management well, and had an above-

average degree of social participation. Thus, most of the dia-

betes patients were free of depression and had good health,

clear consciousness, and self-care ability. A cross-sectional

study of social capital in Japan reported that, among patients

with type 2 diabetes, participation in their favorite activities

can alleviate diabetes-related emotional distress and benefit

HbA1c control [27]. Another study of 300 patients with type

2 diabetes also noted that solidarity and trust are significantly

and negatively correlated with HbA1c level [32]. Regarding

self-management, the present study found that the HbA1c

level was more normal among patients with an above-

average degree of self-management compared to the level in

those with an average degree of self-management. Yigazu

and Desse also found that adherence to regular follow-up

was an independent predictor of glycemic control in diabetes
patients, indicating that self-management can influence the

effectiveness of HbA1c control [8,15]. The finding in the pre-

sent study that people living with diabetes patients have an

important influence on the effectiveness of their HbA1c con-

trol, future research should collect data on the family mem-

bers of patients with type 2 diabetes. Furthermore, patients

should be encouraged to co-participate in diabetes self-

management training in clinics with the people they are liv-

ing with so as to increase the participation of the cohabitants

regarding the requirements for self-management in patients

with diabetes.

5. Conclusions

This study investigated the factors affecting the effectiveness

of HbA1c control in diabetes patients aged >65 years, finding

that the effectiveness increased with age and was better

among those who received education, lived alone, and had

an above-average degree of self-management compared to

that in those who did not. Furthermore, the effectiveness of

HbA1c control was worse in those treated with insulin.

The clinical recommendation is to strengthen the health

education and follow-up of younger diabetes patients and to

further characterize the factors hindering diabetes self-

management; in the meantime, the results also revealed that

the people living with the patients affected the effectiveness

of HbA1c control in the patients; therefore, family members

living with patients should co-participate in self-

management education courses. With the advancement of

the information network, we recommend the development

of a livelier and more graphically-interactive mode of health

education for uneducated patients and encourage medical

teams to establish two-way communication with patients to

assist self-management for improving the effectiveness of

HbA1c control diabetes in patients aged >65 years.
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