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Introduction: Hypoglycemia is an acute complication that can appear in people with type 2 diabetes treated with drugs which are 
associated with a risk of hypoglycemia, and it may lead to individual’s fear of hypoglycemia (FoH). FoH adversely affects diabetic 
self-management, psychological well-being, and quality of life, and it is associated with sleep quality. Nevertheless, this problem is 
often underestimated. The purpose of this study was to explore the heterogeneous characteristics of FoH in middle-aged and elderly 
hospitalized patients with type 2 diabetes and assess its relationship with the sleeping quality.
Patients and Methods: A cross-sectional study was performed on 263 middle-aged and elderly patients with type 2 diabetes 
hospitalized at the Zhejiang Veteran Hospital in Jiaxing, China, from May to August 2022, selected by a convenient sampling method. 
A questionnaire containing general information, fear of hypoglycemia scale-15 (FH-15) and the Pittsburgh sleep quality index (PSQI) 
was provided to the participants. Latent profile analysis was performed to examine the potential latent groups in the distribution of 
answers on the individual FoH items.
Results: The results identified three latent classes: Class 1 – Low FoH group (33%); Class 2 – No FoH group (61%); Class 3 – High 
FoH group (6%). The latent FoH class was the influencing factor of sleep quality, which was better in the No FoH group than in the 
Low FoH group, while the sleep quality of the Low FoH group was better than that in the High FoH group.
Conclusion: A heterogeneity was found in the FoH of middle-aged and elderly hospitalized patients with type 2 diabetes. Health-care 
providers should pay more attention to these patients with high FoH and develop intervention strategies to mitigate it and improve their 
sleep quality.
Keywords: fear of hypoglycemia, sleeping quality, middle-aged and older adults, type 2 diabetes, latent profile analysis

Introduction
Diabetes has emerged as a major health issue worldwide in recent years because of its increasing prevalence. Diabetes is 
the seventh leading cause of death in the world among the top ten causes of death according to the 2019 Global Health 
Assessment issued by the World Health Organization. The tenth edition of the Global Diabetes Atlas released by the 
International Diabetes Federation shows the existence of 537 million (10.5%) diabetic people among adults aged 20~79 
years, meaning one diabetic person in every 10 people.1 Diabetes is one of the most common chronic diseases in China, 
where the number of patients has increased from 90 million to 140 million in the past 10 years, which is an increase of 
more than half.1 Therefore, diabetes prevention and control in China is of utmost importance at present.

Patients with diabetes often suffer from a variety of complications due to poor blood glucose control. Hypoglycemia 
is one of the most important complications and is the most concerning problem for patients in clinical practice. 
Hypoglycemia in patients with type 2 diabetes is associated with different therapeutic options, such as insulin and oral 
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hypoglycemia agents.2 A multinational non-interventional study revealed that 46.5% of patients with type 2 diabetes had 
at least one hypoglycemic episode in a 4-week period.3 As a result of hypoglycemia, patients and their families may 
experience various negative consequences, such as disrupted daily activities and psychological problems.4 Indeed, 
hypoglycemia may lead to individual and family members’ fear of hypoglycemia (FoH), which is a negative emotional 
experience of diabetic patients, including unpleasant tension, anxiety and discomfort due to the threat of hypoglycemia in 
the course of disease management, accompanied by related behavior changes caused by it,5 such as “over-compensatory 
behaviors” (eg, intentionally under-dosing insulin or frequent snacking) “avoidance behaviors” (eg, restricting physical 
or social activities, avoiding being alone).6 Diabetic self-management, psychological well-being, and quality of life are 
adversely affected by FoH.7 Rowe et al8 found that more than 80% of patients who experienced severe hypoglycemia 
have FoH. A cross-sectional survey of patients with diabetes in 9 countries also showed that nearly half of them with a 
hypoglycemia history suffer from FoH.9 The presence of a history of hypoglycemia is indeed a recognized risk factor for 
the development of fear of hypoglycemia; however, it should be noted that fear can also manifest in individuals without 
experiencing actual episodes of hypoglycemia.6 Nevertheless, this problem is often underestimated in everyday clinical 
practice.10,11

Insufficient sleep is linked to the development and management of several chronic diseases and conditions including 
diabetes. Thus, sleep has become a parameter that can be modified to prevent chronic diseases,12 with the relationship 
between diabetes and sleep attracting more and more attention. In 2018, the Medical Care Standards for diabetes issued 
by the American Diabetes Association also proposed to pay attention to the evaluation of patients’ sleep patterns and 
duration.13 Sleep quality is one of the most relevant complaints of diabetes patients related to sleep experience, including 
sleep satisfaction and the resulting sense of vitality.14,15 A meta-analysis revealed that inadequate sleep quality is 
associated with impaired glycemic control and decreased insulin sensitivity in individuals with diabetes.16 In addition, 
FoH and actual episodes of hypoglycemia tend to be greater at night.17 FoH may lead to increased sleep disruption due to 
several reasons, including checking blood sugar throughout the night, overnight sugar consumption, and/or finger blood 
glucose monitoring,18,19 all actions that affect sleep quality and cause blood glucose instability. The correlation between 
sleep quality and FoH has been confirmed by many research. A cross-sectional study of 400 patients with type 2 diabetes 
showed that FoH was significantly positively correlated with sleep quality of patients, that is, FoH would lead to 
decreased sleep quality.20 A retrospective secondary analysis of pooled data from two previous cross-sectional studies 
also confirmed that individuals with poor sleep quality exhibited heightened nocturnal blood sugar fluctuations and 
experienced increased FoH, and a significant interaction was observed between blood sugar fluctuations, FoH, and sleep 
quality.21

The influencing factors for FoH in diabetes patients are complex and include age,9,22,23 gender,9,22 education level,22 

age at diagnosis,23 disease duration,24 hypoglycemia frequency,22 severity of hypoglycemia,22 hypoglycemia 
unawareness,23 training of hypoglycemia prevention, complications, medications,9,22 anxiety-prone personality23 and 
glycated hemoglobin (HbA1c).9 Previous studies used a variable-centered perspective to explore the previous specific 
variables and their effects, and that perspective ignored the heterogeneity of individual FoH. Latent profile analysis 
(LPA) is a statistical analysis method with an individual-centered approach. It consists of a classification method that 
classifies the population to analyze the unique characteristics of various sub-groups. Thus, LPA allows researchers to 
understand the mix of variables and the results produced by specific groups, determining the different types of sub-groups 
based on the difference in the nature and extent of explicit variables. In addition, it captures the unequal nature of the 
groups that cannot be observed in variable centered research. Therefore, this perspective of individual-centered study 
enables us to explore the potential classes of FoH in patients with type 2 diabetes, objectively identifying FoH subtypes, 
conducting more in-depth quantitative analysis, and considering sleep quality as an indicator to measure the health level 
of patients with type 2 diabetes. It also discusses the differences in sleep quality between different types of FoH in 
patients with type 2 diabetes, laying a theoretical foundation for further intervention to combat FoH.

We hypothesized through that based on a comprehensive analysis of FoH in middle-aged and elderly hospitalized 
patients with type 2 diabetes, a heterogeneity could be found, and FoH is closely associated with sleep quality. The aim 
of this study was to explore the heterogeneous characteristics of fear of hypoglycemia in middle-aged and elderly 
hospitalized patients with type 2 diabetes and assess its relationship with the sleeping quality.
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Materials and Methods
Design and Participants
This study was a cross-sectional study performed from May to August 2022 at the Zhejiang Veteran Hospital in Jiaxing, a 
city in eastern China, using the convenience sampling to collect the data from hospitalized patients in endocrinology 
department and geriatric department. The most frequent causes of hospitalization among these patients were hypergly
cemia and chronic complications, while others were hospitalized due to acute complications, infections, and hypogly
cemia. Patients were eligible for the study if they met the following criteria: (a) All patients had a diagnosis of type 2 
diabetes according to the practice guidelines of the American Diabetes Association; (b) patients suffering from type 2 
diabetes longer than 1 year (diagnosis confirmed by medical record and/or A1C); (c) patients of 45 years of age or older; 
(d) patients with a history of hypoglycemia within 1 year; (d) no presence of obstacle in cognition; (e) ability to 
communicate fluently in Mandarin. The sample size was calculated as 5 to 10 times the number of variables, which is a 
general rule of thumb.25 A total of 26 variables were considered in the study. Furthermore, robust statistical analysis 
results are only obtained when the sample size of LPA is not less than 20026 and the average sample size of each profile 
reaches 50.27 A sample size ≥200 was appropriate considering a 20% invalid questionnaire rate.

Ethical approval was obtained by the Ethics Committee of Zhejiang Veteran Hospital. All participants signed a 
written consent prior to participating in the research according to the principles of the Declaration of Helsinki.

Measurements
General Information
The general information considered in this study included two aspects, one was demographic information, including age, 
gender, education level, marital status, mode of residence, medical payment method, and primary caregivers; the other 
was disease-related information including body mass index (BMI), disease duration (years), hypoglycemia frequency, 
severity of hypoglycemia, awareness of hypoglycemia, training of hypoglycemia prevention, complications, medications 
and HbA1c. The HbA1c levels were obtained through laboratory tests conducted during the patient’s hospitalization.

Fear of Hypoglycemia Scale-15
FoH was evaluated by the hypoglycemia scale-15 (FH-15). The original FH-15 scale was developed by Anarte,28 and the 
Chinese version was developed by Liu et al.29 It is used to screen patients with diabetes suffering from FoH. The scale 
consists of 3 categories, 7 items of fear dimension, 5 items of interference dimension, and 3 items of avoidance 
dimension. The Likert 5-level scoring method was used. The total score of the scale ranged from 15 to 75 points, and 
the best cut-off value was 30.5 points.30 Instruments with good reliability and validity verified in the Chinese population 
were used to ensure the rigor of the study. The Cronbach’s α coefficient for the Chinese version of the FH-15 was 
0.918.30 The items of the scale are concise and easy to understand, with a clear cut-off value and good reliability and 
validity, thus helping health-care providers to quickly and accurately identify FoH and its severity.

Pittsburgh Sleep Quality Index (PSQI)
Sleep quality was evaluated by PSQI. The original PSQI scale was developed by Buysse,31 and the simplified Chinese 
version was developed by Liu et al.32 It consists of 7 factors, including sleep quality, sleep time, sleep efficiency, sleep 
disorder, hypnotic drug use and daytime dysfunction, with a total of 18 items. Each factor is scored according to the 4- 
level scoring method, with 0~3 points and a total score of 0~21 points. The total score higher than 8 points indicates the 
presence of a sleep disorder. The higher the score, the worse the sleep quality. The Cronbach’s α coefficient for the 
Chinese version of the PSQI was 0.842.

Data Collection
The questionnaires were distributed and recycled by the researchers who received the same training. On-site surveys 
were conducted after explaining the study objectives with the unified guide words and obtaining the informed consent 
from the participants. The questionnaire was completed by the researcher with the assistance of the patient. The whole 
process was performed anonymously through subsequent studies using numbers, and all the collected information was 
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kept confidential. Participants with missing data were excluded; consequently, 263 participants were enrolled in this 
study.

Statistical Analysis
The LPA was performed using Mplus 8.0 to explore the most likely number of classes based on the 15 items of FoH. The 
key to the generation of the latent class models was to specify the number of latent classes. A single category growth 
model was first set, then the number of classes to compare the fitting indices between models was gradually increased 
and the best model in combination with practical significance and statistical indices was determined to select the best 
number of latent classes. Several factors were taken into consideration to determine which profile model fitted best, 
including relative model fit, parsimony, item identification, and interpretability of the item responses. The model fitting 
indices included: 1) Akaike information criterion (AIC), Bayesian information criterion (BIC) and adjusted Bayesian 
information criterion (aBIC). The smaller the values of the three indices, the better the data fitting the model; 2) the 
entropy index indicated the accuracy of the classification, with a range value of 0~1. The larger the entropy value, the 
higher the accuracy of the classification. Generally, the average posterior probability of each profile (ie, the probability 
that the subject belongs to the specified profile rather than other profiles) should be >0.7.33 3) Likelihood ratio test (LMR) 
and Bootstrap based likelihood ratio test (BLRT). When the P value corresponding to LMR and BLRT reached a 
significant level (P < 0.05); it meant that the model of k categories was better than the model of k-1 categories.34

The relationship between latent class membership and sleep quality was examined using ANOVA. The influencing 
factors of the latent class membership of FoH were analyzed using Chi-square test and multivariate regression analysis. 
The odds ratio (OR) and 95% confidence interval (CI) were calculated using regression analysis. The results are 
expressed as mean ± standard deviation (SD). A value of P0.05 was considered statistically significant.

Results
LPA of FoH
Two to five classes were tested by LPA. The results indicated that the three-class model produced an optimal model. It 
demonstrated a largest value of entropy (ie, close to 1; E0.958) compared to other models, and the P value of LMR and 
BLRT was statistically significant. Nevertheless, the two-class, four-class and five-class models were empirically 
unidentified, further indicating that the three-class model emerged as the best-fitting model. The fit indices for two- 
class to five-class model are listed in Supplementary Table 1.

The three classes of FoH are shown in Table 1 and Figure 1 according to the LPA results. Three classes were analyzed 
and named according to the order of FoH total scores from low to high. The mean value of the total FoH scores of the 
class 2 was below the cut-off value 30.5, indicating that the hospitalized patients with type 2 diabetes in this group had no 
FoH; thus, this group was designated as “No FoH group“. The mean of the total FoH scores of class 1 and class 3 was 
above the cut-off score in both classes, suggesting that the hospitalized patients with type 2 diabetes in these two groups 
had FoH. Among them, class 1 has a relatively low mean of the total FoH score and all dimensions, and its total score 
was approximately in the lower value position; thus, this group was designated as “Low FoH group”. Class 3 had the 

Table 1 FoH Scores in Different Classes (N = 263, Mean SD)

Classes N FoH Fear 
Dimension

Interference 
Dimension

Avoidance 
Dimension

Class 1 (Low FoH group) 88 41.82±5.725 19.97±3.218 13.60±2.327 8.25±1.333

Class 2 (No FoH group) 160 20.43±5.510 9.98±3.027 6.36±1.904 4.09±1.310

Class 3 (High FoH group) 15 62.53±8.017 29.33±3.579 20.80±2.757 12.40±1.957

Total 263 29.98±14.008
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highest mean of the total FoH score and all dimensions compared with the other two groups, and its total score was 
approximately in the higher value position; thus, this group was designated as “High FoH group”.

Table 2 summarizes the score of each item in High FoH group and Low FoH group. The three items with the highest 
average FH-15 scores for the Low FoH group were: how often are you afraid of having hypoglycemia while alone, how 
often do you fear not recognizing the symptoms of hypoglycemia, how often do you worry about losing consciousness 
due to hypoglycemia. The three items with the highest average FH-15 scores for High FoH group were: how often do you 
fear not recognizing the symptoms of hypoglycemia, how often are you afraid of having hypoglycemia outside of a 
hospital/health care setting, how often do you worry about losing consciousness due to hypoglycemia.

Figure 1 Mean of Three Latent Classes of FoH in Three Dimensions.

Table 2 FoH Scores in the Low FoH Group and High FoH Group (Mean ± SD)

Low FoH Group High FoH Group

Items M±SD Items M±SD

Item 5: how often are you afraid of having 

hypoglycemia while you are alone

3.02±0.694 Item 1: how often do you fear not recognizing the symptoms 

of hypoglycemia

4.33±0.488

Item 1: how often do you fear not recognizing the 

symptoms of hypoglycemia

2.90±0.845 Item 4: how often are you afraid of having hypoglycemia 

outside of a hospital/health care setting

4.33±0.488

Item 13: how often do you worry about losing 

consciousness due to hypoglycemia

2.90±0.588 Item 13: how often do you worry about losing consciousness 

due to hypoglycemia

4.27±0.458

Item 7: how often do you stop doing things you used 
to do for fear of having a 

hypoglycemic episode

2.89±0.685 Item 15: how often are you afraid of taking a trip/holiday for 
fear of experiencing hypoglycemia

4.27±0.458

Item 4: how often are you afraid of having 

hypoglycemia outside of a hospital/health care 

setting

2.85±0.838 Item 5: how often are you afraid of having hypoglycemia while 

you are alone

4.20±0.676

Item 2: how often are you afraid of not knowing 

what to do in the event of hypoglycemia

2.84±0.756 Item 10: how often do you have hypoglycemia that interferes 

with your leisure activities

4.20±0.561

Item 10: how often do you have hypoglycemia that 

interferes with your leisure activities

2.77±0.601 Item 11: how often do you have from hypoglycemia that 

interferes with your family life

4.20±0.561

Item 8: how often do you have from hypoglycemia 

that makes you unable to drive or use machinery

2.75±0.715 Item 12: how often do you have hypoglycemia that interferes 

with your social life

4.20±0.561

Item 14: how often are you afraid of falling asleep for 

fear of having hypoglycemia at night

2.75±0.572 Item 14: how often are you afraid of falling asleep for fear of 

having hypoglycemia at night

4.20±0.561

(Continued)
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The line chart shows that middle-aged and elderly hospitalized patients with type 2 diabetes belonging to No FoH 
group accounted for 61%, while 33% of them were categorized into Low FoH group and 6% of them were categorized 
into High FoH group. These results indicated that the prevalence of FoH in the middle-aged and elderly hospitalized 
patients with Type 2 diabetes was 39%.

General Characteristics of Different Latent FoH Classes
The results obtained from the chi-square analysis on the general characteristics among the three classes are listed in 
Table 3 and Table 4. Significant differences were found in the latent FoH classes of different age, education level, 
primary caregivers, severity of hypoglycemia, hypoglycemia awareness, complications, and HbA1C (P0.05), while no 
significant difference was found in the latent FoH classes of different gender, marital status, status of residence, medical 
payment method, BMI, disease duration, hypoglycemia frequency, receiving a training on hypoglycemia prevention, and 
medication.

Three latent FoH classes were considered as dependent variables, with the Low FoH group as the reference group, 
and six characteristics statistically significant by the Chi-square analysis were used as independent variables (age, 
education level, primary caregivers, severity of hypoglycemia, hypoglycemia awareness, and complications). Logistic 
regression analysis was performed, and the results shown in Table 5 revealed that the middle-aged and elderly 
hospitalized patients with type 2 diabetes, elementary school education level and below (OR = 0.320, P = 0.016), and 
hypoglycemia awareness (OR = 2.239, P = 0.015), were the predictors of the No FoH group compared with the Low FoH 
group. Furthermore, type 2 diabetes with complications (OR = 7.163, P = 0.006) in middle-aged and elderly hospitalized 
patients was a predictor of the High FoH group.

PSQI Scores of Latent FoH Classes
The results of ANOVA analysis of PSQI total and each factor scores of the latent FoH classes shown in Table 6 revealed 
that the total scores of PSQI were statistically significant in three latent classes of the Low FoH group (10.43 ± 3.55), No 
FoH group (7.91 ± 3.33), and High FoH group (13.53 ± 4.19). The total scores suggested that the middle-aged and 
elderly hospitalized patients with type 2 diabetes belonging to the Low FoH group and High FoH group had sleep 
disorders. Further multiple comparisons indicated that the sleep quality of the No FoH group was better than that of the 

Table 2 (Continued). 

Low FoH Group High FoH Group

Items M±SD Items M±SD

Item 6: how often do you avoid social situations 

(meetings, outings, etc.) due to 
fear of having a hypoglycemic episode

2.73±0.582 Item 7: how often do you stop doing things you used to do 

for fear of having a 
hypoglycemic episode

4.13±0.640

Item 9: how often do you have hypoglycemia that 
makes you unable to work

2.73±0.690 Item 8: how often do you have from hypoglycemia that makes 
you unable to drive or use machinery

4.13±0.640

Item 3: how often are you afraid of having 
hypoglycemia at work

2.70±0.681 Item 2: how often are you afraid of not knowing what to do in 
the event of hypoglycemia

4.07±0.704

Item 12: how often do you have hypoglycemia that 
interferes with your social life

2.70±0.697 Item 9: how often do you have hypoglycemia that makes you 
unable to work

4.07±0.704

Item 11: how often do you have from hypoglycemia 
that interferes with your family life

2.65±0.626 Item 6: how often do you avoid social situations (meetings, 
outings, etc.) due to fear of having a hypoglycemic episode

4.00±1.000

Item 15: how often are you afraid of taking a trip/ 
holiday for fear of experiencing hypoglycemia

2.64±0.730 Item 3: how often are you afraid of having hypoglycemia at 
work

3.93±1.033

Note: Copyright © 2011 by American Psychological Association. Adapted with permission from Anarte Ortiz MT, Caballero FF, de Adana MS R, et al. Development of a new 
fear of hypoglycemia scale: FH-15. Psychol Assess. 2011;23(2):398–405.28
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Low FoH group, that of the Low FoH group was better than that of the High FoH group, and the sleep quality of the High 
FoH group was the worst among the three classes. In addition, the scores of each factor of the three latent FoH classes 
were statistically significant different.

Table 3 Demographic Information of Different Latent FoH Classes (N = 263)

Characteristics N Low FoH group No FoH Group High FoH Group x2 p-value

Age

45~60 34(12.9) 5(5.7) 27(16.9) 2(13.3) 12.994 0.043

61~70 59(22.4) 15(17.0) 42(26.3) 2(13.3)

71~80 71(27.0) 31(35.2) 35(21.9) 5(33.3)

≥81 99(37.6) 37(42.0) 56(35.0) 6(40.0)

Gender

Male 138(52.5) 40(45.5) 90(56.3) 8(53.3) 2.658 0.265

Female 125(47.5) 48(54.5) 70(43.8) 7(46.7)

BMI

<18.5 22(8.4) 13(14.8) 9(5.6) 0(0.0) 9.341 0.155

18.5–23.9 125(47.5) 39(44.3) 78(48.8) 8(53.8)

>24 96(36.5) 29(33.0) 60(37.5) 7(46.7)

Unmeasurable* 20(7.6) 7(8.0) 13(8.1) 0(0.0)

Education Level

Elementary school and below 160(60.8) 64(72.7) 84(52.5) 12(80.0) 12.249 0.016

Middle school 63(24.0) 15(17.0) 46(28.7) 2(13.3)

High school and above 40(15.2) 9(10.2) 30(18.8) 1(6.7)

Marital status

Married 215(81.7) 69(78.4) 134(83.8) 12(80.0) 1.118 0.572

Single/divorced/widowed 48(18.3) 19(21.6) 26(16.3) 3(20.0)

Status of residence

Living alone 32(12.2) 14(15.9) 17(10.6) 1(6.7) 1.934 0.380

Not living alone 231(87.8) 74(84.1) 143(89.4) 14(93.3)

Medical payment method

Medical insurance 228(86.7) 78(88.6) 136(85.0) 14(93.3) 6.355 0.174

New rural cooperative medical care 26(9.9) 10(11.4) 15(9.4) 1(6.7)

Self-paying 9(3.4) 0(0.0) 9(5.6) 0(0.0)

Primary caregivers

Spouse 74(28.1) 13(14.8) 57(35.6) 4(26.7) 17.439 0.002

Children 49(18.6) 25(28.4) 20(12.5) 4(26.7)

Others 140(53.2) 50(56.8) 83(51.9) 7(46.7)

Note: *Lie in bed/sit in wheelchair.
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Discussion
Person-oriented analyses use patterns of scores across cases to identify groups of individuals compared with variable- 
centered approaches that look for relationships among variables.35 LPA is a special case of person-oriented mixture 

Table 4 Disease-Related Information of Different Latent FoH Classes (N = 263)

Characteristics N Low FoH 
Group

No FoH 
Group

High FoH 
Group

x2 p- 
value

Disease duration (years)

<1 31(11.8) 12(13.6) 18(11.3) 1(6.7) 6.475 0.372

1–5 72(27.4) 28(31.8) 39(24.4) 5(33.3)

6–10 50(19.0) 10(11.4) 36(22.5) 4(26.7)

>10 110(41.8) 38(43.2) 67(41.9) 5(33.3)

Hypoglycemia frequency (within 6 months)

1–2 250(95.1) 81(92.0) 155(96.9) 14(93.3) 7.922 0.094

3–6 10(3.8) 6(6.8) 4(2.5) 0(0.0)

>6 3(1.1) 1(1.1) 1(0.6) 1(6.7)

Severity of hypoglycemia

Mild 217(82.5) 65(73.9) 141(88.1) 11(73.3) 16.619 0.011

Moderate 14(5.3) 10(11.4) 3(1.9) 1(6.7)

Severe 29(11.0) 12(13.6) 15(9.4) 2(13.3)

Very severe 3 1 1 1

Hypoglycemia awareness

Yes 126(47.9) 35(39.8) 89(55.6) 2(13.3) 13.337 0.001

No 137(52.1) 53(60.2) 71(44.4) 13(86.7)

Receiving a training on hypoglycemia 
prevention

Yes 197(74.9) 68(77.3) 118(73.8) 11(73.3) 0.396 0.820

No 66(25.1) 20(22.7) 42(26.3) 4(26.7)

Complications

Yes 72(27.4) 26(29.5) 36(22.5) 10(66.7) 13.769 0.001

No 191(72.6) 62(70.5) 124(77.5) 5(33.3)

Medications

OAD 150(57.0) 49(55.7) 92(57.5) 9(60.0) 3.927 0.416

Insulin 54(20.5) 14(15.9) 36(22.5) 4(26.7)

OAD & insulin 59(22.4) 25(28.4) 32(20.0) 2(13.3)

HbA1C

≤7% 172(65.4) 65(73.9) 99(61.9) 8(53.3) 4.629 0.099

>7% 91(34.6) 23(26.1) 61 (38.1) 7(46.7)
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modelling that identifies latent subpopulations within a sample of data by analyzing patterns of responses to observed 
variables. This study used the LPA to explore the FoH classes of middle-aged and elderly hospitalized patients with type 
2 diabetes, which revealed the differences in the characteristics of different FoH classes of middle-aged and elderly 
hospitalized patients with type 2 diabetes. This approach could provide a reference for the effective formulation of 
intervention programs aiming at alleviating FoH among them. Although few studies proved that FoH is heterogeneous, 
several studies confirmed that a series of negative emotions associated with diabetes are heterogeneous, ie, diabetes- 
related distress,36,37 depression,38–40 and anxiety.39

This study showed that FoH classes were classified into three different types: No FoH group, Low FoH group, and 
High FoH group, differing in the three dimensions of fear, interference, and avoidance. Additionally, the three latent FoH 
classes showed hierarchical changes and did not intersect in the three dimensions. This result indicated that FoH 
performed consistently in all dimensions, with clear grouping characteristics, and that each classification index supported 

Table 5 Logistic Regression Analysis of Different Latent FoH Classes (N = 263)

Characteristics No FoH group vs Low FoH group High FoH group vs Low FoH group

β OR 95% CI P-value β OR 95% CI P-value

Age

45~60 0.742 2.100 0.647~6.818 0.217 0.521 1.684 0.145~19.625 0.677

61~70 0.133 1.142 0.480~2.715 0.764 −0.509 0.601 0.077~4.725 0.629

71~80 −0.296 0.744 0.361~1.534 0.423 −0.191 0.826 0.188~3.637 0.800

≥81 Referent Referent

Education Level

Elementary school and below −1.139 0.320 0.127~0.809 0.016 0.317 1.372 0.129~14.598 0.793

Middle school −0.404 0.668 0.234~1.904 0.450 0.159 1.172 0.072~19.182 0.911

High school and above Referent Referent

Primary caregivers

Spouse 0.729 2.074 0.882~4.876 0.094 1.548 4.701 0.726~30.434 0.104

Children −0.568 0.566 0.258~1.246 0.158 0.259 1.295 0.216~7.758 0.777

Others referent referent

Severity of hypoglycemia

Mild 0.565 1.760 0.046~67.575 0.761 −2.358 0.095 0.004~2.445 0.155

Moderate −1.058 0.347 0.007~16.750 0.593 −1.393 0.248 0.006~10.208 0.463

Severe −0.205 0.814 0.019~34.246 0.914 −1.127 0.324 0.011~9.860 0.518

Very severe Referent Referent

Hypoglycemia awareness

Yes 0.806 2.239 1.168~4.293 0.015 −1.902 0.149 0.020~1.092 0.061

No Referent Referent

Complications

Yes −0.319 0.727 0.376~1.407 0.344 1.969 7.163 1.781~28.814 0.006

No Referent Referent
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the model of three latent classes. Among the three classes of FoH in this study, the No FoH group was the largest, with 
61% of all patients, suggesting that the prevalence of FoH in middle-aged and elderly hospitalized patients with type 2 
diabetes was 39%, slightly higher compared with that reported by previous studies.10,41 This might be due to the fact that 
the population considered in this study was middle-aged and elderly hospitalized patients, which was susceptible to 
hypoglycemia. Previous studies demonstrated that an older age is one of the most important correlates for FoH,22,23,41 

and it is also probable that older adults are experiencing increased psychological symptoms because of fear or worry 
surrounding the COVID-19 pandemic.42 Since the Low FoH group represented the 33% of the study population, which 
was not the largest group, it included a significant majority of patients with FoH. This result suggested that FoH of most 
hospitalized patients with type 2 diabetes was still at a low level, and active intervention should be given at an early stage 
to prevent its occurrence. It should be taken into consideration the existence of a significant subgroup of patients 
expressing low FoH levels rather than only screening FoH because these patients could be at risk of increasing over time, 
while they might benefit from early detection and treatment. The High FoH group included the smallest percentage (6%), 
and the patients in this class had high scores in all dimensions, especially fear dimension, which reflected that the patients 
in this group had a strong sense of fearlessness towards hypoglycemia and were the focus group of the intervention.

The top three items in the High FoH group and Low FoH group revealed that the impact of FoH on patients in High 
FoH group was not only the concern about hypoglycemia but also the avoidance of certain aspects of the daily life due to 
FoH. In addition, these items revealed that the lack of knowledge or specific measures to prevent and relieve 
hypoglycemia might lead the fear in patients or might cause them to behave in a way that is detrimental to their 
treatment. A previous study demonstrated that it is of great importance that patients have the ability to recognize and 
cope with hypoglycemia to achieve better outcomes with FoH,10 and our results were in accordance with this study. It 
should be advisable that health-care providers make an effort to reduce the fear of patients and reduce the interference 
and avoidance of fear in daily life through various intervention measures according to the characteristics of various FoH 
types, ie, diabetes health education, peers support,43 eye movement desensitization and reprocessing,44 video-based 
telemedicine,45 cognitive behavioral therapy,46 blood glucose awareness training,18,47 and new technology (ie, insulin 
bolus calculator48).

The present study revealed that multiple factors were correlated with latent FoH classes in hospitalized patients with 
type 2 diabetes, and three predictors were found by further logistic regression analysis. Firstly, the most evident finding 
that emerged from the analysis was that middle-aged and elderly hospitalized patients with type 2 diabetes with education 
level of elementary school and below were less likely to enter the No FoH group, which was in agreement with the 
findings of a previous work.22 The potential explanation for this result was that middle-aged and elderly hospitalized 
patients with type 2 diabetes and an education level of elementary school and below could not understand the training for 
the knowledge of hypoglycemia. This aspect consequently suggested that patient-friendly health education measures 

Table 6 PSQI Scores of Latent FoH Classes (N = 263, �x þ s)

Variables Low FoH Group No FoH Group High FoH Group Average 
Score

F-value P-value Multiple 
Comparisons

Factor 1 1.11±0.576 0.89±0.604 1.40±0.632 0.99±0.612 7.800 0.001 Class 1<Class 2< Class 3

Factor 2 0.84±0.500 0.38±0.559 1.40±0.507 0.59±0.610 38.682 0.000

Factor 3 0.98±1.194 0.77±0.926 1.93±1.163 0.90±1.068 8.978 0.000

Factor 4 0.97±1.129 0.95±1.068 2.00±0.926 1.02±1.105 6.592 0.002

Factor 5 2.31±0.533 1.76±0.555 2.60±0.507 1.99±0.618 38.170 0.000

Factor 6 2.07±1.267 1.57±1.147 2.27±1.280 1.78±1.220 6.293 0.002

Factor 7 2.16±0.709 1.59±0.703 1.93±0.884 1.80±0.761 17.963 0.000

Total 10.43±3.55 7.91±3.33 13.53±4.19 9.08±3.80 28.327 0.000
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should be considered, so that even less educated patients can understand the relevant knowledge. Secondly, another 
important finding of this work was that middle-aged and elderly hospitalized patients with type 2 diabetes who were 
aware of the hypoglycemia onset were more likely to enter the No FoH group than the Low FoH group. This finding 
indicated that realizing the onset of hypoglycemia was beneficial to FoH, while hypoglycemia unawareness could lead to 
FoH, which was consistent with a previous study.23 In addition, older patients might have an increased hypoglycemic 
unawareness than younger patients.49,50 It is of utmost importance that health-care providers consider suitable structured 
education programs focusing on the clinical management of hypoglycemia to improve its awareness, ie, The Diabetes 
Teaching and Treatment program, Dose Adjusted for Normal Eating, Blood Glucose Awareness Training, and 
Hypoglycemia Treatment Program.51 Lastly, this study found that middle-aged and elderly hospitalized patients with 
type 2 diabetes with complications were more likely to be distributed into the High FoH group than in the Low FoH 
group. Complications aggravate the psychological burden of patients, affect their emotions, and further aggravate FoH. 
Severe hypoglycemia is the most serious acute complication in patients with FoH, which can lead to a variety of adverse 
consequences, such as epilepsy, coma, fracture, and even fatal arrhythmia,52 consequently aggravating FoH. Health-care 
providers should also track the psychological status of patients after a hypoglycemic event to prevent and mitigate FoH.10

The results of this study showed that the total PSQI scores of patients with different FoH latent classes were 
statistically significant; the PSQI score of the No FoH group was the lowest, the score of the Low FoH group was the 
second, and the score of the High FoH group was the highest. This result meant that the worse the FoH, the worse the 
sleep quality.21,53 Previous studies also confirmed that FoH may disrupt sleep quality, and a systematic review reported 
that sleep quality is negatively affected by FOH. Moreover, it is worth noting that hypoglycemic episodes, as well as 
FoH2, are more likely to occur at night.17 Indeed, FoH specifically associated with sleep episodes has a negative impact 
on sleep quality.54 These findings indicate that the intervention on the psychological state associated to FoH has a more 
significant impact on individual sleep quality than the hypoglycemic event itself. In this study, the impact of hypogly
cemic events at night on sleep quality was not explored. A further follow-up study should consider the use of a 
continuous glucose monitoring system to monitor the blood glucose of patients in real time to further analyze the impact 
of FoH caused by hypoglycemic events on sleep quality.

Nevertheless, the presented results are exploratory and preliminary, several study limitations need to be considered. 
Firstly, the sample consisted solely of patients who were hospitalized at a single general hospital. Hence, the general
izability of the findings is limited, and it is necessary to replicate the proposed FoH classes on different samples in order 
to gain a better understanding of their relevance. In addition, the inclusion criteria for the sample required that patients 
have a documented history of experiencing hypoglycemic episodes within the past year. However, the absence of 
hypoglycemia symptoms in an individual does not necessarily indicate the absence of a fear of hypoglycemia.6 

Further qualitative studies should be performed to assess FoH of patients who do not experience hypoglycemia. 
Furthermore, we did not investigate possibly relevant information that might have had an impact on the observed 
results, such as medical and psychiatric comorbidities (eg, chronic kidney disease, depression), the specific type of oral 
hypoglycemic drugs used, and alcohol consumption. Lastly, the availability of dependable laboratory data characterizing 
the health condition of patients is insufficient.

Conclusion
A heterogeneity was found in the FoH of middle-aged and elderly hospitalized patients with type 2 diabetes, which were 
divided into three classes: Low FoH group, No FoH group, and High FoH group. The latent FoH classes were the 
influencing factor for sleep quality. Health-care providers might improve the sleep quality of middle-aged and elderly 
hospitalized patients with type 2 diabetes by mitigating their FoH; thus, they should develop intervention strategies to 
mitigate it and improve their sleep quality. In the future, large sample multicenter longitudinal studies should be 
considered to confirm the causal relationship between FoH class membership and sleep quality. In addition, further 
research is needed to explore the influence of new diabetes-related technology.
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