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Abstract

Background
As population aging accelerates and family structures become increasingly nuclear, living separately from adult children has
become commonplace among older people. Against this backdrop, empty-nest older adults with diabetes represent a distinct and
increasingly important population in diabetes management.Fear of hypoglycaemia can interfere with glycaemic management in
empty-nest older adults with diabetes and may, in turn, compromise their quality of life.

Aims
This study investigated the prevalence of, and factors associated with fear of hypoglycaemia (FOH) among empty-nest older adults
with diabetes, with the aim of providing a theoretical basis for the development and implementation of targeted interventions.

Methods
A total of 217 empty-nest older adults with diabetes were recruited. A cross-sectional survey was conducted using the General
Information Questionnaire, the Chinese version of the Chinese version of the Hypoglycaemia Fear Survey II - Worry Scale (CHFSII-
WS), the Multidimensional Scale of Perceived Social Support (MSPSS), the Trait Coping Style Questionnaire (TCSQ), the Self-Rating
Anxiety Scale (SAS), the Diabetes Distress Scale (DDS), and the Gold score. Descriptive analysis, univariate and correlation
analyses, and multiple linear regression were used for data analysis.

Results
The mean CHFSII-WS score among empty-nest older adults with diabetes was 9.30 ± 10.85. Having children, the frequency of visits
from relatives/children, positive/negative coping styles, and the severity of diabetes distress were significantly associated with
FOH in empty-nest older adults with diabetes (all p < 0.05).

Conclusion
FOH among empty-nest older adults with diabetes was generally moderate. Being alone when hypoglycaemia occurred was the
situation that caused the greatest concern. Healthcare professionals and family members should pay particular attention to factors
that may exacerbate FOH, support patients in adopting more active coping strategies, and strengthen their confidence in managing
hypoglycaemic episodes.

Introduction
China has the largest population of older adults with diabetes worldwide, accounting for approximately one-quarter of the global
population of older adults with diabetes, and this number continues to rise [1]. Against the backdrop of rapid population aging and
the increasing prevalence of nuclear family structures in China, living separately from adult children has become increasingly
common among older people, resulting in a growing proportion of empty-nest households. More than half of older adults in China
are estimated to be empty nesters, accounting for 51.3% of the older population [2]. By 2030, the proportion of older adults living in
empty-nest households is projected to reach 90%. Previous research has shown that diabetes is more prevalent among empty-nest
older adults than among their non-empty-nest counterparts and ranks among the three most common chronic non-communicable
diseases in this population [3]. Limited access to disease-related knowledge and healthcare information in the absence of
adequate family and social support may contribute to poorer quality of life, self-management, and emotional well-being among
empty-nest older adults with diabetes than among other older adults [4]. These disadvantages can substantially compromise their
overall quality of life, highlighting the need for greater attention to this vulnerable population.
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Hypoglycaemia is a common treatment-related complication in people with diabetes. For older adults with diabetes, and
particularly those living alone, an episode of hypoglycaemia can be a particularly distressing and potentially dangerous experience.
In addition to advanced age, impaired awareness of hypoglycaemia and diminished ability to self-regulate and respond
appropriately after an episode, together with cognitive decline and multiple comorbidities, make older adults with diabetes more
susceptible to hypoglycaemia unawareness, nocturnal hypoglycaemia, and severe hypoglycaemia. These events may result in
adverse outcomes such as cardiovascular and cerebrovascular events, falls, loss of consciousness, and even death [5, 6]. For
empty-nest older adults, living alone presents an additional challenge: a hypoglycaemic episode requiring urgent intervention may
go unnoticed, and the individual may be unable to manage it independently, potentially worsening its consequences. Fear of
hypoglycaemia (FOH) refers to the negative emotional experience arising from the perceived threat of hypoglycaemia during
diabetes self-management, together with the behavioural changes that may follow. Previous studies have suggested that more
than half of people with diabetes experience some degree of fear related to hypoglycaemia [7, 8]. Patients with FOH may also
engage in overcompensatory behaviours, such as reducing insulin doses, increasing food intake as a precaution, avoiding physical
activity, or declining work-related tasks [9]. Some may deliberately maintain higher-than-recommended blood glucose levels to
minimize the perceived risk of hypoglycaemia. Although such behaviours may provide short-term reassurance, they can obscure
the longer-term risk of diabetes-related complications. Consequently, FOH may interfere substantially with effective diabetes
management and adversely affect patients’ quality of life.

Previous research has identified associations between FOH and psychosocial factors, including social support, coping style, and
diabetes distress. The level of social support received by patients appears to influence the severity of FOH, with lower perceived
social support being associated with greater fear [10]. Adequate social support may, in turn, alleviate negative emotional responses
to diabetes management. Coping style has also been closely linked to FOH [11]. Positive coping strategies, such as learning to
recognize and manage hypoglycaemia, monitoring blood glucose regularly, carrying fast-acting carbohydrates, and maintaining
effective communication with healthcare professionals, may help patients develop greater confidence in managing hypoglycaemia
and thereby reduce FOH. In contrast, negative coping, such as denial, avoidance, or excessive reliance on others, may discourage
patients from seeking or accepting necessary medical care and consequently intensify their fear. Liu et al. [12] reported a direct
positive association between diabetes distress and FOH, and both factors exert negative effects on diabetes self-management,
forming a self-perpetuating cycle.

To date, research on FOH has focused predominantly on adults with diabetes, children with diabetes, gestational diabetes, and
family members of people with diabetes [13–16]. Comparatively little attention has been paid to FOH among empty-nest older
adults with diabetes. In particular, the roles of social support, coping style, and diabetes distress in shaping FOH in this population
remain insufficiently understood. Therefore, this study investigated the prevalence and severity of FOH among empty-nest older
adults with diabetes and examined its associated factors, aiming to inform the development of targeted interventions to reduce
FOH in the affected population.

Methods

Aims
This study aimed to assess the current level of FOH among empty-nest older adults with diabetes and to identify factors
associated with FOH in this population, including sociodemographic characteristics, disease- and treatment-related factors, social
support, coping style, anxiety, and diabetes distress.

Design
This was a cross-sectional study that included a descriptive survey. The study was reported in accordance with the Strengthening
the Reporting of Observational Studies in Epidemiology checklist for cross-sectional studies.

Participants and Eligibility Criteria
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A convenience sampling approach was used to recruit 217 empty-nest older adults with diabetes who attended the Department of
Endocrinology at the First Affiliated Hospital of Zhejiang University School of Medicine between June 2023 and January 2024.
Participants were deemed eligible if they met all of the following criteria: (1) a definitive diagnosis of diabetes for at least 1 year; (2)
age ≥ 60 years; (3) meeting the definition of an empty-nest older adult; (4) history of at least one episode of hypoglycaemia; and (5)
ability to communicate verbally or in writing and voluntary participation in the study. Participants were excluded if they met any of
the following criteria: (1) in an acute phase of illness; (2) failure to complete the survey due to any severe psychiatric disorder or
physical impairment; or (3) concurrent participation in another clinical trial.

Sampling
Sample size was estimated using Kendall’s rule of thumb, according to which the required sample size should be approximately 5–
10 times the number of variables. An additional 10% was allowed for potential non-response. With 19 variables included in the
present study, the estimated sample size ranged from 105 to 209 participants. Ultimately, 217 participants were enrolled.

Outcome Variable and Assessment Instruments

Patient Information Questionnaire
A questionnaire was developed by the research team to collect participants’ sociodemographic and disease- and treatment-related
information. Sociodemographic variables included gender, age, education level, and marital status. Disease- and treatment-related
variables included diabetes duration, diabetes type, current treatment modality, and the most recent glycated haemoglobin (HbA1c)
level.

Chinese version of the Hypoglycaemia Fear Survey II - Worry Scale (CHFSII-WS)
The Hypoglycaemia Fear Survey (HFS), originally developed by Cox et al. [17], was designed to assess adults with diabetes
regarding their concerns about hypoglycaemia and the behaviours adopted to avoid it. Mu et al. [18] translated and culturally
adapted the Worry subscale of the HFS (i.e., the CHFSII-WS) for use in Chinese populations. The CHFSII-WS scale comprises 13
items rated on a 5-point Likert scale, yielding a total score ranging from 0 to 52. Higher scores indicate a greater degree of FOH. In
the present study, the scale demonstrated excellent internal consistency, with a Cronbach’s α coefficient of 0.959.

Multidimensional Scale of Perceived Social Support (MSPSS)
The MSPSS, originally developed by Zimet et al. [19], is designed to assess individuals’ subjective perceptions of the social support
available to them. The scale was introduced into China by Huang et al. [20]. It comprises three dimensions, including family
support, friend support, and significant other support, with 12 items in total. Each item is rated on a 7-point Likert scale ranging
from “very strongly disagree” to “very strongly agree,” scored from 1 to 7. The sum of all item scores represents the overall level of
perceived social support, with total scores ranging from 12 to 84. Scores of 12–36, 37–60, and 61–84 indicate low, moderate, and
high levels of perceived social support, respectively. Higher scores indicate greater perceived social support. In the present study,
the MSPSS demonstrated high internal consistency, with an overall Cronbach’s α coefficient of 0.943. The corresponding
coefficients were 0.909 for family support, 0.935 for friend support, and 0.908 for significant other support.

Trait Coping Style Questionnaire (TCSQ)
The TCSQ, developed by the Chinese scholar Jiang Qianjin [21], measures individuals’ habitual cognitive responses and coping
strategies when dealing with various events and stressors encountered in daily life. The questionnaire is split evenly into two
dimensions: positive coping (10 items) and negative coping (10 items). Each item is rated on a 5-point Likert scale, ranging from 1
(“definitely not”) to 5 (“definitely yes”). The positive and negative coping scores reflect an individual’s predominant coping
tendencies when facing stress and challenges. In the present study, the TCSQ showed satisfactory internal consistency, with an
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overall Cronbach’s α coefficient of 0.796. The Cronbach’s α coefficients were 0.809 for positive coping and 0.867 for negative
coping.

Self-Rating Anxiety Scale (SAS)
Zung’s SAS [22] was employed to assess participants’ anxiety symptoms during the preceding 7 days. The scale consists of 20
items, each rated on a 4-point Likert scale. The raw scores for all items are summed and multiplied by 1.25, with the integer portion
taken as the final standardized score. The standardized score ranges from 25 to 100, with 50 used as the threshold for clinically
relevant anxiety. A score below 50 indicates no clinically significant anxiety, whereas a score of ≥ 50 indicates an anxious state.
Scores of 50–59, 60–69, and ≥ 70 indicate mild, moderate, and severe anxiety, respectively. Higher scores indicate greater anxiety
severity. The Cronbach’s α coefficient of the SAS in the present study was 0.805.

Diabetes Distress Scale (DDS)
The DDS, developed by Polonsky et al. [23], is a standardized instrument specifically designed to assess diabetes-related emotional
distress. Yang et al. [24] translated and culturally adapted the scale for use in Chinese populations. The DDS measures emotional
distress across four main dimensions (17 items), including emotional burden, physician-related distress, regimen-related distress,
and interpersonal distress. Items are rated on a 6-point Likert scale ranging from 1 (“not a problem”) to 6 (“a very serious problem”).
Higher scores indicate a greater psychological burden and level of distress associated with diabetes-related problems. Fisher et al.
[25] subsequently proposed a scoring framework for classifying diabetes distress based on the mean item score. A mean score of
< 2.0 indicates little or no diabetes distress, 2.0 to < 3.0 indicates moderate distress, and ≥ 3.0 indicates high distress. In our study,
the DDS demonstrated excellent internal consistency, with an overall Cronbach’s α coefficient of 0.943. The Cronbach’s α
coefficients were 0.864 for emotional burden, 0.775 for physician-related distress, 0.832 for regimen-related distress, and 0.816 for
interpersonal distress.

Data Collection
To ensure methodological consistency and data quality, all members of the research team received standardized training before
the formal survey was initiated. Particular attention was given to ensuring a consistent interpretation of participants’ responses to
the questionnaires.

In clinical settings, endocrinologists screened patients against the predefined inclusion and exclusion criteria. Eligible patients
were approached by members of the research team and provided with an explanation of the study. Questionnaires were completed
anonymously. Participants received RMB 50 yuan upon completion of the questionnaire. A total of 240 questionnaires were
distributed, of which 225 were returned. Eight questionnaires were excluded because they did not meet the predefined quality
criteria, leaving 217 valid questionnaires for analysis. The valid response rate was 96.4%.

Ethical Considerations
The study was approved by the Clinical Research Ethics Committee of the First Affiliated Hospital of Zhejiang University School of
Medicine(FAHZU.2024 Res. No. 1244). All participants provided written informed consent before taking part in the study.

Statistical Analysis
All statistical analyses were performed using SPSS 25.0 and Mplus 8.0. Descriptive statistics were presented as frequencies and
percentages [n(%)] for categorical variables, and as means and standard deviations (x̄±s) or medians and interquartile ranges [M
(P25, P75)] for continuous variables, as appropriate. Between-group differences were assessed using the Mann-Whitney U test or
Kruskal-Wallis H test. Associations between variables were examined using Spearman’s rank correlation analysis. A multiple linear
regression model was subsequently fitted for multivariable analysis. Multicollinearity diagnostics were performed to ensure the
robustness and reliability of the findings. All statistical tests were two-sided, with α = 0.05 defined as the significance threshold. A
p-value < 0.05 was considered statistically significant.

Results

General Characteristics of Participants
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Among the 217 empty-nest older adults with diabetes included in the study, 112 (51.61%) were women and 105 (48.39%) were
men. Most participants had children (96.31%), and weekly visits from relatives, children, or other family members were the most
common pattern (43.78%). A total of 141 participants (64.98%) reported no family history of diabetes. For the most recent HbA1c
measurement, 43.32% of participants had an HbA1c level of ≥ 8.0%. More than half of the participants (54.38%) were receiving
combined injectable and oral glucose-lowering therapy. A total of 143 participants (65.90%) had previously received education on
hypoglycaemia, and 84.79% reported knowing how to manage a hypoglycaemic episode. Comparisons of total FOH scores
according to gender, having children, frequency of visits from relatives/children, family history of diabetes, most recent HbA1c level,
current treatment regimen, previous hypoglycaemia education, and knowledge of hypoglycaemia management showed statistically
significant differences (all p < 0.05). See Table 1.

TABLE 1 | Participants’ general characteristics and differences in FOH (N = 217)
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Variable Group n (%) Total FOH score

M (P25, P75) U/H p

Gender Female 112
�51.61）

7.00 �1.0,
16.0）

4922.50a 0.036*

  Male 105
�48.39）

3.00 �0.0,
13.5）

   

Age (years) 60～＜70 107
�49.31）

5.00 �0.0,
15.0）

1.692b 0.639

  70～＜80 83
�38.25）

4.00 �0.0,
14.0）

   

  80～＜90 24
�11.06）

10.50 �0.0,
23.0）

   

  ≥90 3�1.38） 6.00 �4.0,
26.0）

   

Body mass index (kg/m²) ＜18.5 13�5.99） 17.00 �0.0,
24.0）

3.094b 0.377

  18.5≤BMI＜24.0 85
�39.17）

6.00 �0.5,
15.5）

   

  24.0≤BMI＜28.0 91
�41.94）

4.00 �0.0,
13.0）

   

  ≥28.0 28
�12.90）

7.00 �1.0,
15.8）

   

Marital status Unmarried 3�1.38） 13.00 �9.0,
18.0）

2.367b 0.500

  Married 172
�79.26）

4.50 �0.0,
15.0）

   

  Divorced or separated 7�3.23） 15.00 �2.0,
16.0）

   

  Widowed 35
�16.13）

4.00 �1.0,
14.0）

   

Education level Elementary school and below 92
�42.40）

7.50 �0.0,
15.8）

5.565b 0.135

  Middle school 69
�31.80）

4.00 �0.0,
15.0）

   

  High school or junior college 35
�16.13）

3.00 �0.0,
9.0）

   

  College and above 21�9.68） 11.00 �2.5,
22.5）

   

Monthly personal income
(yuan)

＜1000 35
�16.13）

4.00
�0.0,17.0）

2.097b 0.553

  1000～＜3000 63
�29.03）

4.00 �0.0,
13.0）

   

  3000～＜5000 74
�34.10）

6.00 �1.0,
18.5）

   

  ≥5000 45
�20.74）

5.00 �0.0,
14.5）

   

Living arrangement Living alone 52
�23.96）

6.50
�1.0,15.0）

3966.500a 0.407
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  Living with spouse 165
�76.04）

5.00
�0.0,15.5）

   

Having children Yes 209
�96.31）

4.00
�0.0,15.0）

375.000a 0.007**

  No 8�3.69） 18.50
�10.0,30.3）

   

Frequency of visits from
relatives/children

Daily 56
�25.81）

1.00�0.0,8.8） 20.523b 0.005**

  Weekly 95
�43.78）

8.00
�2.0,21.0）

   

  Every 2 weeks 13�5.99） 12.00
�0.0,25.5）

   

  Monthly 28
�12.90）

2.50
�0.0,14.8）

   

  Every 3 months 4�1.84） 14.50
�4.8,36.3）

   

  Every 6 months 11�5.07） 6.00
�0.0,26.0）

   

  Annually 9�4.15） 4.00
�0.5,11.5）

   

  Never 1�0.46） 9.00�9.0,9.0）    

Family history of diabetes Yes 76
�35.02）

9.00
�1.0,17.5）

4380.500a 0.025*

  No 141
�64.98）

4.00
�0.0,14.0）

   

Diabetes type Type 2 215
�99.08）

5.00
�0.0,15.0）

70.500a 0.098

  Type 1 2�0.92） 20.50
�17.0,24.0）

   

Diabetes duration (years) 1～10 105
�48.39）

5.00
�0.0,17.0）

0.536b 0.765

  11～20 82
�37.79）

4.00
�0.0,13.3）

   

  ≥21 30
�13.83）

6.50
�0.0,15.5）

   

Number of diabetes-related
complications 

None 60
�27.65）

3.50
�0.0,16.8）

2.241b 0.524

  1 65
�29.95）

6.00
�1.5,14.5）

   

  2 45
�20.74）

4.00
�0.0,13.0）

   

  ≥3 47
�21.66）

5.00
�0.0,19.0）

   

Most recent HbA1c ＜7.5% 82
�37.79）

4.50
�0.0,15.3）

9.255b 0.010**

  7.5%～＜8.0% 41
�18.89）

10.00
�2.5,24.5）

   

  ≥8.0% 94
�43.32）

2.50
�0.0,13.0）
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Current treatment regimen Oral glucose-lowering drugs only 65
�29.95）

3.00
�0.0,14.5）

9.098b 0.011*

  Injectable therapy only 34
�15.67）

13.50
�3.8,22.5）

   

  Combination therapy (injectable
therapy + oral glucose-lowering drugs)

118
�54.38）

4.50
�0.0,14.0）

   

*p < 0.05, **p < 0.01, ***p < 0.001.  

ᵃ For categorical variables with two categories, the Mann-Whitney U test was employed.  

ᵇ For categorical variables with three or more categories, the Kruskal-Wallis H test was used.  

FOH Scores Among Empty-Nest Older Adults With Diabetes
In this study, the mean FOH score among empty-nest older adults with diabetes was 9.30 ± 10.85, with a median of 5.00 and an
interquartile range of 15.00. Among the individual items, CHSFII-WS4 had the highest mean score (1.09 ± 1.12). In contrast, CHSFII-
WS3, CHSFII-WS5, and CHSFII-WS9 had relatively low mean scores of 0.44 ± 0.82, 0.45 ± 0.82, and 0.39 ± 0.81, respectively. See
Table 2.

TABLE 2 | FOH scores among empty-nest older adults with diabetes (N = 217)

FOH item Number of items Score

Score range

(min. – max.)

x̄±s M IQR

Total FOH score 13 0～52 9.30±10.85 5.00 15.00

CHSFII-WS1 1 0～4 0.89±1.06 1.00 1.00

CHSFII-WS2 1 0～4 0.76±1.00 0.00 1.00

CHSFII-WS3 1 0～4 0.44±0.82 0.00 1.00

CHSFII-WS4 1 0～4 1.09±1.12 1.00 2.00

CHSFII-WS5 1 0～4 0.45±0.82 0.00 1.00

CHSFII-WS6 1 0～4 0.69±1.01 0.00 1.00

CHSFII-WS7 1 0～4 0.93±1.14 0.00 2.00

CHSFII-WS8 1 0～4 0.85±1.16 0.00 1.50

CHSFII-WS9 1 0～4 0.39±0.81 0.00 0.50

CHSFII-WS10 1 0～4 0.59±0.89 0.00 1.00

CHSFII-WS11 1 0～4 0.61±1.04 0.00 1.00

CHSFII-WS12 1 0～4 0.88±1.21 0.00 2.00

CHSFII-WS13 1 0～4 0.72±1.06 0.00 1.00

Correlations Between FOH and Social Support, Coping Style, Anxiety, and
Diabetes Distress
Spearman’s rank correlation analysis was performed to examine the associations of FOH with the three dimensions of social
support, overall perceived social support, the two coping styles, anxiety, and diabetes distress. FOH was significantly and
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negatively correlated with family support, friend support, significant other support, overall perceived social support, positive coping,
and diabetes distress (r₁ = −0.214, r₂ = −0.271, r₃ = −0.304, r₄ = −0.260, r₅ = −0.346, r₈ = −0.211, respectively; all p < 0.01). In contrast,
FOH showed a significant positive correlation with negative coping (r₆ = 0.276, p < 0.01). See Table 3.

Table 3
Spearman rank correlations between FOH and study variables among empty-nest older adults with diabetes

FOH FOH Family
support

Friend
support

Significant
other
support

Perceived
social
support

Positive
coping

Negative
coping

Anxiety Diabetes
distress

1                

Family
support

−0.214** 1              

Friend
support

−0.271*** 0.626*** 1            

Significant
other
support

−0.304*** 0.691*** 0.761*** 1          

Perceived
social
support

−0.260*** 0.669*** 0.714*** 0.748*** 1        

Positive
coping

−0.346*** 0.309*** 0.306*** 0.346*** 0.308*** 1      

Negative
coping

0.276*** −0.261*** −0.208** −0.264*** −0.291*** −0.272*** 1    

Anxiety 0.131 0.023 0.020 −0.012 0.027 −0.151* 0.233*** 1  

Diabetes
distress

−0.211** 0.085 0.153* 0.175** 0.086 0.027 −0.164* −0.178** 1

*p < 0.05, **p < 0.01, ***p < 0.001.

Multiple Linear Regression Analysis of Factors Associated With FOH
Among Empty-Nest Older Adults With Diabetes
A multiple linear regression model was constructed with the FOH score as the dependent variable. Variables identified as
significant in the univariate and correlation analyses were entered as independent variables. The entry and removal criteria were set
at αin = 0.05 and αout = 0.10, respectively. Before the regression analysis, the independent variables were examined for
multicollinearity and autocorrelation. The multicollinearity diagnostics indicated no substantial multicollinearity among the
independent variables (Table 4). The Durbin-Watson test further indicated that the residuals were independent. The multiple linear
regression analysis showed that having children, frequency of visits from relatives/children, positive coping, negative coping, and
diabetes distress were significantly associated with FOH among empty-nest older adults with diabetes (p < 0.05, respectively).
Specifically, not having children, weekly visits from relatives or children, greater use of negative coping strategies, and greater
diabetes distress were associated with higher FOH scores. In contrast, greater use of positive coping strategies was associated
with lower FOH scores. See Table 5.

Table 4
Summary of the multiple linear regression model for FOH and assessment of model assumptions among empty-nest older adults

with diabetes
Analysis of variance,
F

p Adjusted
R²

Durbin-Waston
statistic

Tolerance
range

Variance inflation factor (VIF)
range

4.862 <0.001 0.243 1.777 0.121ཞ0.950 1.053ཞ2.662
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Table 5
Results of the multiple linear regression analysis of factors associated with FOH among empty-nest older adults with diabetes

Variable β 95% CI¹ p² Overall p³ Collinearity

VIF Tolerance

Gender       0.146 1.134 0.882

Female (reference) — —        

Male −2.652 −5.301,−0.004 0.051      

Having children       0.041* 1.188 0.842

No (reference) — —        

Yes −7.352 −15.070, 0.365 0.063      

Frequency of visits (overall)       0.038* 1.053 0.950

Daily (reference) — —        

Weekly 5.312 2.190, 8.434 0.001**      

Every 2 weeks 4.899 −1.062, 10.860 0.109      

Monthly −0.216 −4.508, 4.075 0.921      

Every 3 months 8.900 −0.949, 18.749 0.078      

Every 6 months 2.799 −3.434, 9.032 0.380      

Annually 0.876 −5.768, 7.520 0.796      

Never −8.510 −28.715, 11.695 0.410      

Family history of diabetes       0.100 1.172 0.853

No (reference) — —        

Yes 2.563 −0.341, 5.466 0.085      

Most recent HbA1c       0.923 1.109 0.902

< 7.5% (reference) — —        

7.5%ཞ<8.0% 0.931 −2.751, 4.614 0.621      

≥ 8.0% −2.606 −5.591, 0.379 0.089      

Current treatment regimen       0.175 1.185 0.844

Oral glucose-lowering drugs only (reference) — —        

Injectable therapy only 2.082 −2.180, 6.344 0.340      

Combination therapy (injectable therapy + 
oral glucose-lowering drugs)

−0.973 −4.157, 2.211 0.550      

Friend support −0.077 −0.604, 0.138 - 0.426 2.662 0.376

Significant other support −0.032 −0.406, 0.468 - 0.759 3.067 0.326

Perceived social support       0.266 2.614 0.383

Low (reference) — —        

Moderate 1.139 −8.402, 10.680 0.815      

³ Overall p-value assessing whether the variable has a statistically significant effect on the dependent variable: *p < 0.05, **p < 
0.01, and ***p < 0.001 indicate statistically significant effects.
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Variable β 95% CI¹ p² Overall p³ Collinearity

VIF Tolerance

High −0.482 −11.545, 10.582 0.932      

Positive coping −0.152 −0.460, 0.015 - 0.018* 1.171 0.854

Negative coping 0.177 −0.057, 0.314 - 0.007** 1.210 0.827

Anxiety       0.264 1.182 0.846

Normal (reference) — —        

Mild 1.870 −2.425, 6.165 0.395      

Moderate 5.818 −2.058, 13.694 0.149      

Severe 11.893 0.013, 23.773 0.051      

Diabetes distress       0.049* 1.147 0.872

Absent/mild (reference) — —        

Moderate 3.077 −0.702, 6.856 0.112      

Severe 2.681 −4.960, 10.321 0.493      

¹ CI, confidence interval.

² P-value for comparison between groups: *p < 0.05, **p < 0.01, and ***p < 0.001 indicate statistically significant between-group
differences.

³ Overall p-value assessing whether the variable has a statistically significant effect on the dependent variable: *p < 0.05, **p < 
0.01, and ***p < 0.001 indicate statistically significant effects.

Discussion

FOH Among Empty-Nest Older Adults With Diabetes Warrants Greater
Attention
Our findings showed that the mean total FOH score among empty-nest older adults with diabetes was 9.30 ± 10.85, indicating an
overall moderate level of FOH. This score was slightly lower than that reported in previous studies [26]. One possible explanation is
that a relatively large proportion of participants in the present study reported a high level of perceived social support. Adequate
social support may help alleviate FOH and other negative emotional experiences, including distress related to diabetes
complications and depressive symptoms. These observations suggest that strengthening patients’ social support networks,
together with providing tailored psychological support and diabetes-related health education, may be useful approaches to
maintaining emotional well-being and reducing FOH.

In the present study, participants were particularly concerned about experiencing hypoglycaemia when they were alone, which was
broadly consistent with the findings reported by Zhao et al. [27]. One possible explanation is that empty-nest older adults with
diabetes have limited companionship in their daily lives and may worry that, should hypoglycaemia occur, they would be unable to
obtain food promptly to correct the episode. Importantly, their concern may not be directed at hypoglycaemia itself, but rather at
the uncertainty surrounding what might happen if it occurred. Declining physical function with age may lead patients to worry that
they would be unable to obtain timely assistance or support during a hypoglycaemic episode, leaving them to cope alone with its
potential consequences (e.g., falls) or even more serious adverse events. Accordingly, during routine care for empty-nest older
adults with diabetes, healthcare professionals should encourage family members or community workers to arrange appropriate
companionship or supervision whenever possible and minimize prolonged periods spent alone. Patients should also be
encouraged to carry a readily available source of fast-acting carbohydrate, such as glucose-containing sweets, when going out so
that hypoglycaemia can be treated promptly when symptoms are recognized. Additionally, healthcare professionals should provide
comprehensive and practical education on blood glucose monitoring, including appropriate use of wearable glucose-monitoring
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devices where available, to improve patients’ ability to recognize and prevent hypoglycaemic episodes. Such measures may help
reduce uncertainty and, ultimately, alleviate FOH.

Having Children and Frequency of Visits Are Important Factors
Associated With FOH
The current study found that empty-nest older adults with diabetes who had no children had higher FOH scores than those who had
raised children. This might be explained by greater psychological distress due to the absence of support and companionship from
adult children and limited resources for diabetes management.

We also found that, compared with participants who were visited daily by relatives or children, those whose visits occurred
approximately once a week had significantly higher FOH scores. Several factors may account for this finding. Older adults who
have retired and spend more time at home may take on additional household responsibilities after relatives or children visit.
Changes in daily routines, meal timing, food intake, or the types of food consumed may also contribute to fluctuations in blood
glucose levels, potentially heightening concerns about hypoglycaemia. This finding further suggests that the quality of social
support may be more important than the quantity of social contacts. Although a patient may have frequent interactions with
relatives or children, the crucial issue is whether those interactions provide the type of support the patient needs. Close, supportive
relationships characterized by meaningful emotional connection may be more effective in reducing psychological stress than
simply increasing the frequency of social contact.

Greater Use of Positive Coping Is Associated With Lower FOH
The present study also demonstrated that coping style was associated with FOH. Positive coping exhibited a significantly negative
association with FOH, whereas negative coping had a significantly positive association with FOH. From a clinical perspective,
healthcare professionals should pay closer attention to maladaptive coping patterns and help patients respond more actively to
hypoglycaemia-related concerns and reduce FOH associated with these experiences.

Greater Diabetes Distress Is Associated With Higher FOH
Our analysis showed that diabetes distress was positively associated with FOH among empty-nest older adults with diabetes,
consistent with the findings reported by Li et al. [28]. As a negative emotional state, diabetes distress may place a considerable
psychological burden on patients and directly induce FOH. At the same time, distress may interfere with effective self-
management, potentially contributing to fluctuations in blood glucose and creating a vicious cycle in which psychological distress
and FOH reinforce one another. From a clinical perspective, particular attention should therefore be paid to the psychological well-
being of empty-nest older adults with diabetes who experience diabetes distress. Healthcare professionals should strengthen
communication with patients, identify negative emotional states at an early stage, and provide timely support to address them. For
patients experiencing more severe distress, available family, community, and professional resources should be mobilized to
facilitate early psychological intervention and minimize the potential adverse consequences.

Conclusions
FOH among empty-nest older adults with diabetes warrants greater clinical attention. Having children, frequency of visits from
relatives/children, coping style, and diabetes distress were identified as important factors associated with FOH in this population.
Therefore, healthcare professionals should develop targeted interventions based on patients’ individual risk factors for FOH.
Strengthening social support, promoting positive coping with diabetes, and alleviating diabetes distress may help reduce FOH.

Limitations
Several limitations of this study should be acknowledged. First, the convenience sampling method used in this study may have
introduced selection bias. Second, the study was conducted at a single tertiary general hospital in Hangzhou, and the participants
were predominantly urban empty-nest older adults with diabetes from Zhejiang Province. Therefore, the findings may not be
generalizable to empty-nest older adults with diabetes across other regions of China. Finally, the cross-sectional design precludes
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conclusions about temporal or causal relationships between FOH and its associated factors in the affected population, warranting
longitudinal studies to elucidate the temporal trajectories and potential relationships.

Declarations
Author Contributions

ZJ: methodology, investigation, software analysis, data curation, writing original draft. FY: resources, methodology, validation. YL:
investigation, data curation. ZL: validation, investigation, data curation. XYT: investigation, data curation. GCH: project
administration, resources. SLW: conceptualization, resources, writing–review and editing, supervision, funding acquisition.

Funding Information

This work was supported by the General Scientific Research Program (Natural Science Category) of the Department of Education
of Zhejiang Province (Grant No. Y202353903) and the Nursing Discipline Construction Research Project of the First Affiliated
Hospital, School of Medicine, Zhejiang University (Grant No. 2024ZYHL35). The funding bodies had no involvement in the study
design or implementation, data collection, analysis or interpretation, manuscript preparation, or the decision to submit the
manuscript for publication.

Data availability 

The data that support the findings of this study are available on request from the corresponding author. The data are not publicly
available due to privacy or ethical restrictions.

Competing interests

There are no conflict of interests to declare.

Ethics Statement

The study was conducted in strict accordance with the guidelines of the Declaration of Helsinki and was approved by the Ethics
Committee of the First Affiliated Hospital of Zhejiang University School of Medicine. Written informed consent was obtained from
all participants.

References
1. Guo LX (2024) Xiao XH(2024)Guideline for the Management of Diabetes Mellitus in the Elderly in China. Edition) Aging Med

(Milton) 7:5–51. https://doi.org/10.1002/agm2.12294

2. Dang JW, Wei YY, Liu NN(2018)Aging Blue Book: Report on the Living Conditions of Elderly People in Urban and Rural China.
Social Sciences Academic Press,Beijing

3. Xu SJ, Yang XC, Liu JY et al (2023) Health and wellbeing among the empty nest and non-empty nest elderly in China-Results
from a national cross-sectional study. PLoS ONE 18:e0291231. https://doi.org/10.1371/journal.pone.0291231

4. Wang W, Xie PD, Kang YH et al(2020)Relationship between personality,social support and self-management level of empty nest
elderly with type 2 diabetes in the community. China J Health Psychol 28:1170–1173.
https://doi.org/10.13342/j.cnki.cjhp.2020.08.012

5. Freeman J (2019) Management of hypoglycemia in older adults with type 2 diabetes. Postgrad Med 131:241–250.
https://doi.org/10.1080/00325481.2019.1578590

6. Chinese Diabetes Society( (2025) Guideline for the prevention and treatment of diabetes mellitus in China(2024 edition). Chin
J Diabetes 17:16–139

7. Martyn-Nemeth P, Quinn L, Penckofer S et al(2017)Fear of hypoglycemia:Influence on glycemic variability and self-
management behavior in young adults with type 1 diabetes. J Diabetes Complications 31:735–741.
https://doi.org/10.1016/j.jdiacomp.2016.12.015

Page 14/15



8. Polonsky WH, Fisher L, Hessler D (2018) The impact of non-severe hypoglycemia on quality of life in patients with type 2
diabetes. J Diabetes Complications 32:373–378. https://doi.org/10.1016/j.jdiacomp.2018.01.014

9. Zhu J, Shao LW(2022)Research progress on evaluation tools of fear of hypoglycemia for diabetic patients. J Nurs
Rehabilitation 21:87–91

10. Dehghankar L, Namdar P, Yekefallah L et al(2021)The Effect of Peers Support on Fear of Hypoglycemia in Iranian Patients with
Type 1 Diabetes:A Clinical Trial Study. Iran J Nurs Midwifery Res 26:162–167. https://doi.org/10.4103/ijnmr.IJNMR_277_19

11. Hu Y, He LF, Deng HY et al(2019)Correlation between hypoglycemia fear and coping mode in diabetic patients underwent
insulin therapy. Chin Gen Pract Nurs 17:769–771

12. Liu L, Xu HW, Wang SW et al(2019)Mediating effect of self-efficacy in the relationship between diabetes related distress and
self management in empty nest elderly patients with Type 2 Diabetes. Chin Nurs Manage 19:1621–1625

13. Hussain HR, Ahmed N, Akram MW et al (2025)Fear of hypoglycemia: a key predictor of sleep quality among the diabetic
population. Front Endocrinol (Lausanne) 16:1456641. https://doi.org/10.3389/fendo.2025.1456641

14. Jensen MV, Broadley M, Speight J et al(2022)The impact of hypoglycaemia in children and adolescents with type 1 diabetes on
parental quality of life and related outcomes: A systematic review. Pediatr Diabetes 23:390–405.
https://doi.org/10.1111/pedi.13308

15. Tschirhart H, Landeen J, Yost J et al (2024) Perceptions of diabetes distress during pregnancy in women with type 1 and type
2 diabetes: a qualitative interpretive description study. BMC Pregnancy Childbirth 24:232. https://doi.org/10.1186/s12884-024-
06370-w

16. Driscoll KA, Trojanowski PJ, Shaffer ER et al(2026)A Review of the Fear of Hypoglycemia Literature in Children and
Adolescents with Type 1 Diabetes and their Caregivers. Curr Diab Rep 26:7. https://doi.org/10.1007/s11892-026-01620-x

17. Cox DJ, Irvine A, Gonder-Frederick L et al(1987)Fear of hypoglycemia: quantification,validation,and utilization. Diabetes Care
10:617 – 21. https://doi.org/10.2337/diacare.10.5.617

18. Mu C, Bao D, Xing QL (2015) The reliability and validity of Chinese Version of Hypoglycemia Fear Survey II-Worry Scale (CHFSII-
WS) in type 2 diabetes mellitus.Chinese Journal of Practical Nursing 31:198–201. https://doi.org/10.3760/cma.j.issn.1672-
7088.2015.03.013

19. Zimet GD, Powell SS, Farley GK et al(1990)Psychometric characteristics of the Multidimensional Scale of Perceived Social
Support. J Pers Assess 55:610–617. https://doi.org/10.1080/00223891.1990.9674095

20. Huang L, Jiang QJ, Ren WH(1996)A Study on the Correlation among Coping Styles, Social Support, and Psychosomatic
Symptoms in Cancer Patients. Chin Mental Health J 10:160–161

21. Jiang QJ (1993) Medical Psychology. Beijing Science & Technology Press Co,Beijing

22. Zung WW(1971)A rating instrument for anxiety disorders. Psychosomatics 12:371–379. https://doi.org/10.1016/S0033-
3182(71)71479-0

23. Polonsky WH, Fisher L, Earles J et al(2005)Assessing psychosocial distress in diabetes:development of the diabetes distress
scale. Diabetes Care 28:626–631. https://doi.org/10.2337/diacare.28.3.626

24. Yang Q Liu (2010) Reliability and Validity of the Diabetes Distress Scale. J Nurs (China) 17:8–10.
https://doi.org/10.16460/j.issn1008-9969.2010.17.023

25. Fisher L, Hessler DM, Polonsky WH et al (2012)When is diabetes distress clinically meaningful?establishing cut points for the
Diabetes Distress Scale. Diabetes Care 35:259–264. https://doi.org/10.2337/dc11-1572

26. Su SH (2023) Study on the current situation and related factors of fear of hypoglycemia among elderly patients with type 2
diabetes mellitus based on the theory of unpleasant symptoms.Master's Dissertation,Chengdu University of Traditional
Chinese Medicine. https://doi.org/10.26988/d.cnki.gcdzu.2023.000615

27. Zhao Y, Lei YX, Chen XX et al(2020)Analysis of the present situation of hypoglycemic fear in diabetic patients and its
influencing factors. Chin Nurs Manage 20:26–31

28. Li SFL, Lee A et al(2021)The association between diabetes-related distress and fear of hypoglycaemia in patients with type 2
diabetes mellitus: A cross-sectional descriptive study. Nurs Open 8:1668–1677. https://doi.org/10.1002/nop2.800

Page 15/15


