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Purpose: This study aimed to evaluate the association between a patient’s knowledge about 
hypoglycemia and the likelihood of experiencing hypoglycemia.
Participants and Methods: This cross-sectional study used a structured questionnaire to 
survey a representative sample of 429 adult males with insulin-treated diabetes mellitus 
(ITDM) in Saudi Arabia.
Results: The main factors associated with increased risk of hypoglycemia included (a) 
a premixed insulin regimen, (b) a long duration of insulin treatment, (c) the use of oral 
hypoglycemic agents, and (d) a high hypoglycemia knowledge score. Insulin as a treatment 
modality directly affects the development of hypoglycemia among ITDM patients. Sweating 
is the most prevalent clinical manifestation among ITDM patients with hypoglycemia and 
could be an early indicator of hypoglycemia. Earlier detection of hypoglycemic signs may 
ultimately improve quality of life in ITDM patients.
Conclusion: This research highlights the importance of healthcare providers educating 
ITDM patients about hypoglycemia. Furthermore, our results emphasize the urgent need to 
establish an educational program about hypoglycemia. ITDM patients are encouraged to 
learn more about hypoglycemia to help prevent future hypoglycemic attacks.
Keywords: diabetes mellitus, insulin, hypoglycemia, hypoglycemia symptoms, patient 
education

Introduction
Diabetes mellitus (DM) is one of the most prevalent chronic diseases worldwide.1 

The global prevalence of DM is increasing and expected to rise from 463 million in 
2019 to 578 million cases by 2030. In the Middle East, the prevalence of DM is 
expected to rise from 54.8 million cases in 2019 to 76.0 million in 2030. In Saudi 
Arabia, DM represents a major public health problem; 4.27 million cases were 
documented in 2019, which is projected to reach 6.05 million by 2030.2–5

Individuals diagnosed with DM are at greater risk for mortality and morbidity 
due to diabetic complications, including macrovascular, microvascular, or acute 
complications. Common macrovascular complications among diabetics include 
heart failure, peripheral artery disease, and coronary heart disease.6 Microvascular 
complications include end-stage renal disease (ESRD), neuropathy, and diabetic 
retinopathy, which is a leading cause of blindness worldwide.7 The acute 
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complications of DM, which include diabetic ketoacidosis 
(DKA), hyperglycemic hyperosmolar state (HHS), and 
hypoglycemia, are largely preventable, yet lead to high 
morbidity and mortality. Although the global status of 
diabetes complication rates remains unclear,8 mortalities 
due to DM are estimated to contribute to 11.3% of deaths 
globally, with the highest rate recorded in the Middle East 
and North Africa (16.2%).9

Hypoglycemia is the most common iatrogenic acute 
metabolic complication among diabetics,10–12 and it is 
defined as serum glucose levels <70 mg/dL (3.9 mmol/L), 
which is mainly encountered by patients on insulin treatment 
as a result of its hypoglycemic effects.13 Although avoid-
able, hypoglycemia was the primary cause for the elevated 
number (300,000) of adult emergency department visits in 
the United States in 2009.14 In Saudi Arabia, the rate of 
acute complications due to hypoglycemic attacks was found 
to be high at 68.9% among patients with DM.15 

Complications due to hypoglycemia can be serious and life 
threatening, including such as cardiac arrhythmia, cognitive 
impairment, and cerebral ischemia.16

The incidence of hypoglycemia among patients with 
DM is high,17 and poor hypoglycemia awareness can 
render diabetics prone to severe hypoglycemia.18 It is 
important to identify the association between hypoglyce-
mia and related factors, such as the patient’s hypoglycemia 
experience, awareness of glycemic control, and hypogly-
cemia itself. This information may help minimize or even 
eliminate the potential harm to patients with DM receiving 
insulin treatment.

Studies have shown that adequate knowledge about 
hypoglycemia is needed to recognize, treat, and prevent 
hypoglycemia,19 yet patients with DM have a gap in their 
knowledge on important aspects of hypoglycemia.20 

Improved hypoglycemia knowledge in diabetic patients 
led to a decrease in hypoglycemic episodes.21 In Saudi 
Arabia, research has shown that approximately 50% of 
patients with DM have a lack of knowledge about hypo-
glycemia symptoms; the authors concluded that health 
education about hypoglycemia symptoms is necessary for 
these patients.22

Our study focuses on the association between diabetic 
patients’ knowledge about hypoglycemia and their like-
lihood of experiencing a hypoglycemic episode. 
Furthermore, we studied the association between various 
sociodemographic and clinical variables and hypoglyce-
mia among patients with insulin-treated diabetes mellitus 
(ITDM) in Saudi Arabia.

Methods
Study Design and Settings
This research project was part of the Diabetes and Driving 
(DAD) study, which was a cross-sectional study conducted 
among ITDM participants in which data were collected 
from two specialized diabetes clinics affiliated with ter-
tiary hospitals in Riyadh, Saudi Arabia. The detailed meth-
odology of the DAD study was previously published and 
will be briefly described here.23

Participant Enrollment
The participants of the DAD study consisted of adult men 
(age >18) with ITDM who were followed up for a minimum 
of 1 year in the diabetes clinic.23 The data were collected by 
interviewing participants who met the eligibility criteria and 
who consented to participating after they had completed 
their clinic consultations; the study’s objectives were 
explained, and written consent was obtained. Four data- 
collection-experienced medical students collected the data 
at random 4-h intervals every other day over a seven-month 
period extending from August 2016 to February 2017. The 
four students who collected the data were informed of the 
study’s objectives, and the questionnaire was explained to 
them by the principal investigator; these four students also 
participated in the pilot study.

Study Instrument
The interview questionnaire was developed following an 
extensive literature review and is based on available inter-
national guidelines; the process is discussed in detail in the 
original study.23 The questionnaire was initially developed 
in English and was then translated to Arabic and back- 
translated to English by two accredited translators. The 
final Arabic version was piloted among 20 participants 
from general medicine clinics. The questionnaire’s relia-
bility was tested using the test–retest method, yielding 
a correlation coefficient >0.7 for all items.

Study Sample
The required calculated sample size was 399 based on the 
results of the pilot study. Due to a 20% non-response rate 
in the pilot study, the final sample size required was 499 
participants.23

Statistical Analysis
Descriptive statistics were used to analyze the collected 
data in the form of frequency values. Multivariable logistic 
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regression analyses were performed to identify factors that 
may increase the risk of hypoglycemia among participants 
with ITDM. The study results were considered statistically 
significant when P < 0.05. The Kolmogorov–Smirnov test 
was used to determine the normality of the data. All data 
were analyzed using SPSS Statistics V22.0 (IBM Corp., 
Armonk, NY, USA).24,25

Ethical Considerations
The institutional review board at King Saud University 
Medical City (Saudi Arabia, Riyadh) granted ethical 
approval of the original study’s protocol (Ref. No. 16/ 
0227/IRB). This study was conducted in accordance with 
the Declaration of Helsinki.

Results
The questionnaire had a response rate of 89.3%; 429 of 
the 480 initially approached ITDM patients agreed and 
consented to be interviewed and to participate in the 
study. More than half of the sample (59.7%) had ITDM 
for ≥15 years, and approximately half of the sample 
(51.3%) had used insulin for ≥5 years. Additional 
sociodemographic variables are listed in Table 1. 
Knowledge of hypoglycemic symptoms among ITDM 
patients varied widely (Table 2). The most recognized 
hypoglycemia symptoms were tremor (90.68%), hunger 
(85.78%), and sweating (85.31%). Knowledge of tre-
mor and hunger symptoms did not differ significantly 
between ITDM patients who did and did not experience 
hypoglycemia. In contrast, sweating was the most 
recognized symptom among ITDM patients, and the 
number of ITDM patients who experienced hypoglyce-
mia who were knowledgeable about sweating (n = 255) 
was approximately twice that of ITDM patients who 
did not experience hypoglycemia (n = 111). In addition 
to sweating, ITDM patients who experienced hypogly-
cemia were more knowledgeable, relative to those who 
did not experience hypoglycemia, about the symptoms 
of cognitive impairment (49.14% vs 29.71%; 
P < 0.001), behavioral changes (43.99% vs 22.46; 
P = 0.001), psychomotor abnormalities (35.05% vs 
15.22%; P < 0.001), and coma (34.36% vs 22.46%; 
P = 0.012).

Experiencing hypoglycemia was associated with var-
ious sociodemographic characteristics. Type of DM, insu-
lin regimen, insulin total daily dose, duration of insulin 
treatment, use of oral hypoglycemics, and hypoglycemia 
knowledge score all showed a statistically significant 

unadjusted association with experiencing hypoglycemia 
(P < 0.05). Further, 70.45% of ITDM patients who experi-
enced hypoglycemia had type 2 DM, whereas only 29.55% 
had type 1 DM (P = 0.018). In addition to DM type, 
a higher duration of insulin treatment was associated 
with hypoglycemia, with a mean duration of 8.25 ± 7.02 
years (P < 0.001). Regarding the insulin treatment regi-
men, hypoglycemia was more prevalent among partici-
pants using premixed insulin compared to other insulin 
regimens (46.74%) of a basal/boluses insulin regimen 
(35.74%; P = 0.002). Higher hypoglycemia knowledge 
scores were associated with experiencing hypoglycemia 

Table 1 Sociodemographic Data for the Study Sample (N = 429)

Participant Sociodemographics na (%)

Age (years) ≤60 323 (75.3)
>60 106 (24.7)

Highest education level No school attended 16 (3.7)
Primary school attended 61 (14.3)

Secondary=school attended 57 (13.3)
Tertiary school attended 134 (31.2)

University or college 130 (30.4)

Master or PhD 31 (7.2)

Location Riyadh 409 (95.3)

Outside Riyadh 20 (4.7)

Current occupation Unemployed 54 (12.6)

Private work 65 (15.2)
Governmental work 142 (33.1)

Retired 168 (39.2)

Monthly income <5000 SRb 150 (35)

5000–10,000 SR 135 (31.5)

10,001–15,000 SR 87 (20.3)
>15,000 SR 57 (13.3)

Type of diabetes Type 1 112 (26.1)
Type 2 317 (73.9)

Duration of diabetes 
(years)

≤15 256 (59.7)
>15 173 (40.3)

Insulin regimen Basal only 93 (21.7)
Pre-mixed insulin 189 (44.1)

Basal/boluses 147 (34.2)

Total daily dose of 

insulin (U)

≤62 234 (54.5)
>62 195 (45.5)

Duration of insulin 

treatment (years)

≤5 220 (51.3)
>5 209 (48.7)

Use of Sulphonylurea or 

Glinides

Yes 110 (25.6)

No 319 (74.4)

Notes: aNumber; bSaudi riyal.
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(mean knowledge score: 6.33 ± 2.49; P < 0.001). No 
significant association was found between experiencing 
hypoglycemia and the remaining sociodemographic char-
acteristics, as illustrated in Table 3. Regarding hypoglyce-
mia, a higher knowledge score increased the likelihood of 
ITDM patients experiencing hypoglycemia by 15% rela-
tive to other patients [OR = 1.15 (1.049,1.26); P = 0.003]. 
A longer duration of insulin treatment (in years) also 
increases the chance of experiencing hypoglycemia by 
6% [OR = 1.06 (1.009, 1.11); P = 0.021]. ITDM patients 
who receive a higher total daily insulin dose are at 1% 
higher risk of experiencing hypoglycemia [OR = 1.01 
(1.003, 1.02); P = 0.004; Table 4].

Regarding low hypoglycemia knowledge scores (≤6), 
ITDM patients who did not experience hypoglycemia were 
52% more likely to have a lower knowledge score than 
those who experienced hypoglycemia (Table 5).

Discussion
The current study sought to evaluate the association 
between ITDM patients’ knowledge of hypoglycemia and 
their likelihood of experiencing a hypoglycemic episode. 
Furthermore, this study identified sociodemographic char-
acteristics that may be risk factors for hypoglycemia 
among adult ITDM patients within Saudi Arabia. Further 
research is warranted on the correlation between experien-
cing hypoglycemia in ITDM patients and additional socio-
demographic factors, such as type of diabetes, duration of 
diabetes, duration of insulin treatment, and total daily 
insulin dose. Hypoglycemic symptoms fall into two main 

categories: adrenergic symptoms are caused by rapid 
changes in glucose levels, while neuroglycopenic symp-
toms are caused by low levels of central nervous system 
glucose.26 In their study, 87.63% of the ITDM patients 
who experienced hypoglycemia were found to report 
sweating as the most significant clinical symptom asso-
ciated with hypoglycemic attack. In other studies,27 sweat-
ing was the most commonly reported symptom among 
ITDM patients. In addition, nearly half of the sample’s 
constituents who experienced hypoglycemia complained 
of cognitive impairment and behavioral changes at rates 
of 49% and approximately 44%, respectively. The high 
rate of sweating as a clinical symptom among ITDM 
patients who developed hypoglycemia suggests that sweat-
ing can be used as a warning sign to prevent the develop-
ment of a severe hypoglycemic attack. Such an 
observation was reported in a scientific report, which 
found that sweating during hypoglycemia may be 
a noninvasive warning sign.18

We also found evidence for a direct relationship 
between experiencing hypoglycemia and multiple socio-
demographic characteristics among ITDM patients includ-
ing the DM type, duration of insulin treatment in years, 
total daily insulin doses, and a good hypoglycemia knowl-
edge score. Based on the type of DM, patients with type 2 
DM were twice as likely to experience hypoglycemia than 
type 1 DM patients. The duration of insulin treatment 
affects the likelihood of developing hypoglycemia; 
ITDM patients with more years of insulin treatment have 
a 6% higher chance of developing hypoglycemia 

Table 2 Hypoglycemia Symptoms Among Patients Who Did and Did Not Experience Hypoglycemia

Clinical Manifestation Hypoglycemia No Hypoglycemia Total P

na (%) na (%) na (%)

Adrenergic symptoms
Tremor 268 (92.10%) 121 (87.68%) 389 (90.68%) 0.142
Palpitations 214 (73.54%) 97 (70.29%) 311 (72.49%) 0.481

Anxiety/arousal 185 (63.57%) 94 (68.12%) 279 (65.03%) 0.357

Sweating 255 (87.63%) 111 (80.43%) 366 (85.31%) 0.049
Hunger 251 (86.25%) 117 (84.78%) 368 (85.78%) 0.683

Paresthesia 170 (58.42%) 73 (52.90%) 243 (56.64%) 0.281

Neuroglycopenic symptoms
Cognitive impairment 143 (49.14%) 41 (29.71%) 184 (42.89%) <0.001

Behavioral changes 128 (43.99%) 31 (22.46%) 159 (37.06%) <0.001
Psychomotor abnormalities 102 (35.05%) 21 (15.22%) 123 (28.67%) <0.001

Seizure 26(8.93%) 11(7.97%) 37(8.62%) 0.741

Coma 100 (34.36%) 31 (22.46%) 131 (30.54%) 0.012
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Table 3 Sociodemographic Characteristics Related to Experiencing Hypoglycemia in ITDM Patients

Sociodemographics Hypoglycemia No Hypoglycemia Total P

Age (Years) 48.59 ± 16.05 51.54 ± 13.06 49.54 ± 15.20 0.060

Education 0.766

No school 9 (3.09%) 7 (5.07%) 16 (3.73%)
Primary school 42 (14.43%) 19 (13.77%) 61 (14.22%)

Secondary school 41 (14.09%) 16 (11.59%) 57 (13.29%)
Tertiary school 87 (29.90%) 47 (34.06%) 134 (31.24%)

University or college 89 (30.58%) 41 (29.71%) 130 (30.30%)

Master or PhD 23 (7.90%) 8 (5.80%) 31 (7.23%)

Current Occupation 0.771

Unemployed 40 (13.75%) 14 (10.14%) 54 (12.59%)
Governmental work 95 (32.65%) 47 (34.06%) 142 (33.10%)

Private work 44 (15.12%) 21 (15.22%) 65 (15.15%)

Retired 112 (38.49%) 56 (40.58%) 168 (39.16%)

Monthly Income 0.722

<5000 SR 103 (35.40%) 47 (34.06%) 150 (34.97%)
5000–10,000 SR 95 (32.65%) 40 (28.99%) 135 (31.47%)

10,001–15,000 SR 55 (18.90%) 32 (23.19%) 87 (20.28%)

>15,000 SR 38 (13.06%) 19 (13.77%) 57 (13.29%)

Smoking Status 0.277

Never smoked 163 (56.01%) 81 (58.70%) 244 (56.88%)
Current smoker 63 (21.65%) 35 (25.36%) 98 (22.84%)

Former smoker 65 (22.34%) 22 (15.94%) 87 (20.28%)

Marital status 0.171

Single 49 (16.84%) 13 (9.42%) 62 (14.45%)

Married 235 (80.76%) 123 (89.13%) 358 (83.45%)
Divorced 5 (1.72%) 1 (0.72%) 6 (1.40%)

Widowed 2 (0.69%) 1 (0.72%) 3 (0.70%)

Location by City 0.482

Riyadh 276 (94.85%) 133 (96.38%) 409 (95.34%)

Outside Riyadh 15 (5.15%) 5 (3.62%) 20 (4.66%)

Type of diabetes 0.018

Type 1 86 (29.55%) 26 (18.84%) 112 (26.11%)
Type 2 205 (70.45%) 112 (81.16%) 317 (73.89%)

Duration of diabetes (Years) 14.78 ± 8.73 13.46 ± 7.75 14.36 ± 8.44 0.131

Regimen of insulin 0.002

Basal only 48 (16.49%) 45 (32.61%) 93 (21.68%)

Pre-mixed Insulin 136 (46.74%) 53 (38.41%) 189 (44.06%)
Basal/Boluses 104 (35.74%) 40 (28.99%) 144 (33.57%)

Insulin pump 3 (1.03%) 0 (0.00%) 3 (0.70%)

Use of oral hypoglycemic 62 (21.31%) 48 (34.78%) 110 (25.64%) 0.003
Duration of insulin treatment (Years) 8.25 ± 7.02 5.47 ± 5.42 7.35 ± 6.67 <0.001

Insulin total daily dose 66.41 ± 32.40 52.47 ± 31.81 61.93 ± 32.83 <0.001

Glucose checking 0.105

Once or more than once daily 94 (32.30%) 34 (24.64%) 128 (29.84%)
Not daily 197 (67.70%) 104 (75.36%) 301 (70.16%)

Knowledge score 6.33 ± 2.49 5.42 ± 2.36 6.04 ± 2.49 <0.001
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Table 4 Variables Predicting Hypoglycemia Experience Among ITDM Patients

Response=Hypoglycemia

Covariate Level OR (95% CI) OR P

Age (Years) 0.99 (0.961, 1.01) 0.320

Knowledge Score 1.15 (1.049, 1.26) 0.003

Education No school 0.65 (0.254, 1.66) 0.368
Primary school 1.08 (0.592, 1.99) 0.793

Secondary school 1.23 (0.68, 2.21) 0.498

Tertiary school 0.80 (0.518, 1.23) 0.312
University or college 1.05 (0.652, 1.68) 0.853

Current Occupation Governmental work 0.84 (0.558, 1.27) 0.417
Private work 0.93 (0.58, 1.50) 0.770

Retired 1.04 (0.671, 1.60) 0.872

Monthly Income 10,001–15,000 SR 0.90 (0.591, 1.38) 0.630

5000–10,000 SR 1.23 (0.841, 1.80) 0.285

>15,000 SR 0.89 (0.515, 1.53) 0.664

Smoking Status Current smoker 0.71(0.492, 1.03) 0.071
Former smoker 1.45(0.971, 2.16) 0.069

Type of diabetes Type 1 1.02(0.697, 1.48) 0.928
Duration of diabetes (Years) 1.00(0.963, 1.04) 0.964

Duration of insulin treatment (Years) 1.06(1.009, 1.11) 0.021

Insulin total daily dose 1.01(1.003, 1.02) 0.004

Table 5 Variables Predicting Poor Knowledge Score (≤6) About Hypoglycemia Among ITDM Patients

Response = Knowledge Score ≤6

Covariate Level OR (95% CI) OR P

Age (Years) 1.01 (0.985, 1.03) 0.469

Education No school 0.72 (0.273, 1.90) 0.506

Primary school 0.81 (0.462, 1.43) 0.476

Secondary school 0.97 (0.567, 1.67) 0.916
Tertiary school 1.05 (0.698, 1.59) 0.807

University or college 1.57 (0.997, 2.47) 0.052

Current Occupation Governmental work 0.79 (0.541, 1.15) 0.216

Private work 0.84 (0.54, 1.31) 0.443

Retired 1.01 (0.666, 1.53) 0.958

Monthly Income 10,001–15,000 SR 0.86 (0.576, 1.30) 0.482

5000–10,000 SR 1.11 (0.782, 1.58) 0.556
>15,000 SR 0.70 (0.424, 1.16) 0.168

Smoking Status Current smoker 0.77 (0.547, 1.09) 0.139
Former smoker 0.96 (0.666, 1.37) 0.807

Experienced hypoglycemia No 1.52 (1.202, 1.92) <0.001

Type of diabetes Type 1 0.78 (0.554, 1.09) 0.141
Duration of diabetes (Years) 1.00 (0.961, 1.03) 0.856

Duration of insulin treatment (Years) 1.01 (0.962, 1.05) 0.803

Insulin total daily dose 1.00 (0.989, 1.00) 0.178
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compared to those with fewer years of insulin use. 
A similar finding was described in a study that found 
a positive correlation between the NPH insulin among 
ITDM patients and nocturnal hypoglycemia.28 Despite 
the low magnitude of the odds ratio between the duration 
of insulin treatment and the development of hypoglycemia, 
there is nevertheless a positive and statistically significant 
relationship. While the total insulin daily dose showed an 
association with hypoglycemia, it was to a lesser degree, 
as the ITDM patients receiving higher doses of daily 
insulin were only 1% more prone to hypoglycemia. 
ITDM patients were expected to develop more compre-
hensive knowledge about hypoglycemia, diabetes control, 
and self-care with a longer course of treatment; however, 
the converse was found to be true. Consequently, a low 
hypoglycemia knowledge score was directly affected by 
ITDM patients’ hypoglycemia experience. Therefore, our 
main finding was that the knowledge score of ITDM 
patients was 15% higher among patients who experienced 
hypoglycemia than among those who did not. A low hypo-
glycemia knowledge score (≤6) was more common among 
IDTM patients who did not experience hypoglycemia than 
among those who did. This suggests that experiencing 
hypoglycemia as an outcome motivated ITDM patients to 
educate themselves about hypoglycemia, thereafter pre-
sumably engaging in better self-care to avoid future hyper-
glycemic episodes. This finding also highlights the 
importance of knowledge in reducing the risks associated 
with diabetes among ITDM patients. Similar observations 
have been reported wherein hypoglycemia knowledge was 
found to be critical to diabetic patients’ self-care.19 Such 
observations require further research that specifically 
defines both the factors affecting poor knowledge of hypo-
glycemic symptoms among ITDM patients and how dia-
betic knowledge—both of broad and specific knowledge 
about hypoglycemia outcomes—affects the develops of 
adverse effects.

Several conclusions can be drawn from this study that 
can help inform clinical practice. First, the majority of the 
participants with ITDM did experience sweating during 
hypoglycemic episodes; this can be used to develop an 
early warning sign system for the patient that may help 
lower the risk of developing hypoglycemia. Additionally, 
healthcare providers should encourage ITDM patients to 
participate in regular follow-up to monitor blood sugar 
levels, given that differences in insulin treatment para-
meters can yield differential effects on the development 
of hypoglycemia. Second, most of the participants with 

ITDM who did not experience hypoglycemia had a low 
hypoglycemia knowledge score. Educating these patients 
about diabetes is an important intervention for reducing 
hypoglycemia events among them.29 In addition, knowl-
edge about hypoglycemia may produce more normal phy-
siologic insulin profiles, with an associated lower risk of 
hypoglycemia.30

This study had some limitations. Due to the study’s 
design, data were collected via questionnaire; therefore, 
the quality of the data collected may have been affected by 
a recall bias. In addition, because the study targeted indi-
viduals with ITDM, the results may not be generalizable to 
evaluating the risk of experiencing hypoglycemia among 
other DM patients who are not receiving insulin treat-
ments. Nevertheless, the strengths of our study included 
its large sample size and the novelty of the researched 
topic in Saudi Arabia.

Conclusions
This study identifies a connection between hypoglycemia 
and a multitude of variables in ITDM patients. The major 
issue exposing ITDM patients at risk of hypoglycemia was 
a lack of understanding about hypoglycemia. Although the 
knowledge score was greater in hypoglycemic individuals, 
it was comparatively low in people who did not develop 
hypoglycemia. Type 2 diabetics had a greater rate of 
hypoglycemia. The insulin treatment itself appears to 
directly affect the development of hypoglycemia in 
ITDM patients, with a number of factors playing contri-
buting roles, such as the duration of treatment, the type of 
insulin, and the total number of total daily units. Finally, 
sweating was the most common clinical manifestation 
among hypoglycemic individuals, which could improve 
ITDM patients’ quality of life if employed as an early 
warning indication of hypoglycemia.

Abbreviations
ITDM, type 1 diabetes mellitus; ESRD, end-stage renal 
disease; DKA, diabetic ketoacidosis; HHS, hyperglycemic 
hyperosmolar state; DAD, diabetes and driving.
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