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ABSTRACT
Background We aimed to determine the time elapsed for switching from oral antidiabetic therapy to
insulin therapy in patients with type 2 diabetes mellitus and the factors that affect this period.
Material and Methods Three hundred fifteen patients with type 2 diabetes mellitus who were followed
up in the diabetes outpatient clinic were included in the study. The gender, education level, age of onset
of diabetes, presence of hypertension, smoking and body mass index of the patients were examined,
and the effects of these variables on time elapsed for switching to insulin therapy were analyzed in three
phases.
Results Three hundred fifteen patients (117 males, 198 females) were enrolled in the study. The mean
time elapsed for switching from oral antidiabetic therapy to insulin therapy was 9.93+£6.67 years. The
effects of education level, age at the onset of diabetes, presence of hypertension, and body mass index on
time elapsed for switching to insulin therapy were found to be statistically significant (p<0.05); whereas
the effects of gender and smoking were not significant (p>0.05). The time elapsed for switching to
insulin therapy shortened as the education level, the age at the onset of diabetes, and body mass index
level increased. It was found that hypertension in patients with type 2 diabetes mellitus prolongs the
time elapsed for switching to insulin therapy.
Conclusion The body mass index level, presence of hypertension, education level and age at the onset of
diabetes were the significant factors affecting the time elapsed for switching to insulin therapy.
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Introduction

Type 2 diabetes mellitus (DM) has reached
a pandemic worldwide, and the extent of the
problem has been gradually increasing. The global
diabetes prevalence in 2019 was 9.3% (463 million
people). It is estimated to be rising to 10.2% (578
million) by 2030, and 10.9% (700 million) by 2045.!
DM 1is characterized by chronic hyperglycemia
developed due to the impairment in carbohydrate,
lipid, and protein metabolism resulting from the
impairment in insulin secretion or insulin effect
or both.? Progressive loss of -cells is the typical
characteristic of type 2 DM; at the time of clinical
diagnosis, the patients have lost approximately
half of the insulin secretion capacity of R-cells.>*

The initial treatment for type 2 DM generally
does not include insulin therapy. Diet, exercise,
weight loss, and oral antidiabetic agents are
adequate initial treatments for achieving
glycemic control. Insulin 1s indicated for patients
who cannot gain glycemic control despite oral
antidiabetic drugs, diet and exercise.” Insulin
therapy is a well-known and most commonly used
treatment in which physicians have high clinical
experience. Insulin is also the most effective
treatment option to reduce glycemia. Any level of
elevated haemoglobin Alc (HbAlc, glycosylated
haemoglobin) to, or close to, the therapeutic goal
may be decreased by using insulin.® Some of the
goals of insulin therapy in patients with type 2
DM are to eliminate symptoms of hyperglycemia,
prevent diabetic ketoacidosis, and reduce the
incidence of infections.! Maintaining glycemic
control reduces the risk of microvascular and
macrovascular complications.” Insulin therapy
also positively affects triacylglycerol and high-
density lipoprotein cholesterol levels.® Insulin
therapy is an effective treatment method in patients
with type 2 DM, but there is an inconsistency
between the guidelines and clinical practice about
the time to start insulin therapy.’

The present study aimed to determine the
time elapsed for switching from oral antidiabetic
therapy to insulin therapy in patients with type 2
DM and the factors that affect this period.

Material and Methods

This study was conducted on patients with type
2 DM in the diabetes outpatient clinic. Despite the
optimal combination and dose of oral antidiabetic
drugs being determined, insulin therapy was
started in accordance with current diabetes
guidelines for patients whose blood sugar could
not be regulated. Written informed consent was
obtained from the patients included in the study,
and the ethics committee approved the study.

Three hundred and fifteen patients (117 men and
198 women) were included in the study. Patients
with pregnancy, malignancy, severe endocrine,
nephrological, haematological, psychiatric and
neurological diseases were excluded from the
study. Gender, age, education level, medical
history, age of onset of diabetes, presence of
hypertension, smoking status and body mass
index (BMI) in the patients were recorded. The
time to transition from oral antidiabetic therapy
to insulin therapy (in addition to or in place of oral
treatment) was calculated for each patient.

Statistical Analysis

Statistical analyzes were made with the
obtained data. The effects of the recorded variables
on the time elapsed for switching to insulin
therapy were analyzed in three phases. Since one
of the primary goals of the present study was to
identify the factors affecting the time elapsed for
switching to insulin therapy, correlation analysis
was performed in the first phase of the analysis.
In the second phase, associations were analyzed
using a regression model including these factors.
The third phase examined whether there was a
statistically significant difference between the
determined groups in terms of variables. IBM
Corporation SPSS (Statistical Package for Social
Sciences), version 23.0, New York, US was used
for statistical analyses. Jarque-Bera normality
test was performed for the data to identify which
method would be used for the analyses; a p-value
<0.05 indicated that the data were not normally
distributed. Therefore, non-parametric tests
(which do not require normal distribution) were
used. Mann-Whitney U test, a non-parametric
test, was also used to analyze the differences
between the groups. Kendall’s tau-b correlation
coefficient, one of the non-parametric measures
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of association, was used to determine the
correlation of the dependent variable (the time
elapsed for switching to insulin therapy) with
the independent variables (gender, education
level, age at the onset of diabetes, hypertension
status, smoking status, and BMI), and to evaluate
the effects of these independent variables on the
dependent variable, which were the main goals of
the study. A significant but weak correlation was
found in terms of defined variables. Therefore,
associations needed to be tested via a regression
model. Independent variables were analyzed by
the method of Least Squares.

Results

A total of 315 patients with type 2 DM were
evaluated in the present study. 117 (37.1%) of the
patients were male, and 198 (62.9%) were female.
The mean age of the patients was 60.29+9.04
years. Regarding the education level, 110 patients
(34.9%) were illiterate, 40 patients (12.7%) were

Table 1. General characteristics of the study group.

Characteristics Study group (n: 315)
Gender

Male 117 (37.1%)

Female 198 (62.9%)
Age ranges (years)

3549 77 (24.4%)

50-59 171 (54.3%)

260 67 (21.3%)
Mean age (years) 60.29+9.04
BMI ranges (kg/m?)

<25 43 (13.6%)

25.0-29.9 151 (47.9%)

>30 121 (38.5%)
Mean body mass index (kg/m?) 29.14+4.60
Smoking

Smoker 68 (21.6%)

Non-smoker 247 (78.4%)
Hypertension

Present 236 (74.9%)

No 79 (25.1%)
Education level

Illiterate 110 (34.9%)

Literate 40 (12.7%)

Primary school 151 (47.9%)

High school-University 14 (4.5%)
Age at the onset of diabetes mellitus (years) 46.85+10.54
Time elapsed for switching to insulin therapy (years) 9.93+6.67

Data were given as mean+SD (standard deviation) or n (%).

literate, 151 patients (47.9%) were primary school
graduates, and 14 patients (4.5%) were high school
or university graduates. Two hundred forty-
seven patients (78.4%) were non-smokers, and
68 patients (21.6%) were smokers. Two hundred
thirty-six patients (74.9%) had hypertension with
type 2 DM, and 79 patients (25.1%) did not have
hypertension. The mean age at the onset of diabetes
was 46.58%10.54 years. The mean BMI value was
29.14+4.60 kg/m?. The mean time elapsed for
switching from oral antidiabetic therapy to insulin
therapy was 9.9316.67 years (1able I).

Education level, age of onset of diabetes, BMI
and presence of hypertension significantly affected
the time elapsed to switch to insulin therapy
(p<0.05), while gender and smoking status did
not (7Table 2). We found that as the education level,
age of onset of diabetes and BMI level increased,
the time elapsed for switching to insulin therapy
shortened. However, we found that the presence of
hypertension in patients with type 2 DM prolonged
the time elapsed for switching to insulin therapy.
The standardized (beta) -coefficients, which
indicate the degree of effect size, for the individual
variables, were as follows: 4.606 for BMI, 4.415 for
the presence of hypertension, 1.647 for education
level, and 0.230 for age at the onset of diabetes.
The model we used was statistically significant
and the results obtained were reliable (p<0.05)
(Table 3). The independent variables affected the
time elapsed for switching to insulin therapy by
89% (Table 4).

Discussion

Type 2 DM is a progressive disease in which
pancreatic f# cell functions are constantly
decreased. As a result, most patients need insulin
therapy. There is evidence that early glycemic
control reduces long-term vascular complications
and may increase pancreatic f-cell lifespan.
The importance of glycemic control in reducing
the risk of vascular complications of diabetes is
well known.!®!! TLong-term hyperglycemia leads
to glucotoxicity and oxidative stress, which
may cause microvascular and macrovascular
complications.'>!* Therefore, the primary goal in
treating type 2 DM is to achieve glycemic control.
Evidence suggests that good glycemic control
prevents the occurrence of macrovascular events
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Table 2. The regression analysis.
Coefficients'
Model Unstandardized coefficients
t Significance
B Standard error

(Constant) 24.485 4.823 5.077 0.000
Gender -1.079 1.378 —0.783 0.435
Education —1.647 0.593 —2.775 0.006

Age at the onset of DM -0.231 0.056 —4.098 0.000
Hypertension 4.415 1.256 3.517 0.001
Smoking 2.071 1.365 1.517 0.132

Body mass index —4.606 1.255 -3.673 0.000
'Dependent variable, the time elapsed for switching to insulin therapy, DM: diabetes mellitus.
Table 3. The results obtained from analysis of variance.

ANOVA®

Model Sum of squares df Mean square F Significance
Regression 1128.733 6 188.122 5.450 0.000?
Residual 4590.838 133 34.518 - -

Total 5719.571 139 - - -

ANOVA, analysis of variance, “Predictors: (Constant), body mass index, hypertension, smoking, age at the onset of
diabetes, education, gender; *"Dependent variable: the time elapsed for switching to insulin therapy.

Table 4. Model summary.

Model Summary®
Adjusted :
Model R R square square Durbin-Watson
1 0.844° 0.897 0.861 1.763

*Predictors: (Constant), body mass index; hypertension, smoking, age at the onset of diabetes, education, gender,
*Dependent variable: the time elapsed for switching to insulin therapy.
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in diabetic patients.'®!! In the UK Prospective
Diabetes Study (UKPDS), it has been reported
that good glycemic control with sulphonylurea or
insulin reduces the risk of microvascular disease in
patients diagnosed with new type 2 DM compared
to conventional therapy.!*

The initiation of insulin therapy at the
appropriate time helps improve glycemic control
and protect pancreatic 3 cells from functional
impairment caused by hyperglycemia.”® Some
studies have found that early insulin therapy
can change the progression of diabetes.'®!” Using
insulin in combination with oral diabetic drugs at
the appropriate time can prevent the progression
of diabetes.!” Despite the positive effects of insulin
therapy in patients with type 2 DM, guidelines and
clinical practice are not compatible with the timing
of insulin therapy initiation.” In general, the mean
time elapsed for switching to insulin therapy has
been reported to be 8 to 9 years in the literature;
however, the number of studies reporting a definite
number is limited. In one arm of the UKPDS
study, it was found that 53% of patients receiving
sulfonylureas required insulin therapy within six
years." In our research, the mean time elapsed for
switching from oral antidiabetic therapy to insulin
therapy was 9.9316.67 years.

The initiation of insulin therapy leads to many
therapeutic barriers for physicians and patients.
Insulin is still considered a “last resort” or an “end-
stage” therapy. Fear of injections, hypoglycemia
and weight gain anxiety are reasons for delayed
insulin therapy.'”?° We considered that there might
be different factors that could affect switching to
insulin therapy other than these factors, which
are of psychological origin in general, and thereby
investigated the documentable characteristics
of the patients, including gender, education
level, age at the onset of diabetes, hypertension
status, smoking, and BMI. In contrast to our
general expectation, gender and smoking were
not significantly effective in the time elapsed
for switching to insulin therapy, which may
be attributed to the country’s characteristics
and tendency towards complication. However,
education level, age at the onset of diabetes, BMI
and presence of hypertension were significantly
effective in the time elapsed for switching to
insulin therapy (p<0.05). Patients with higher

levels of education more easily adapt the insulin
therapy. The patients diagnosed with diabetes at
an advanced age require insulin therapy earlier,
likely because of early complications. BMI was
determined as the most influential factor in the
present study; insulin requirement appears earlier
in obese patients. We found that the presence of
hypertension in patients with type 2 DM prolonged
the time elapsed for switching to insulin therapy.
We cannot provide a complete explanation for this
observation. However, patients with hypertension
as comorbidity may have better compliance with
diet and treatment and a higher awareness of the
disease.

Various insulin analogues are now available
that can reduce the risk of hypoglycemia and
cause less weight gain, thus reducing the anxiety
associated with insulin therapy. Early initiation of
insulin therapy can be made attractive by clinical
data demonstrating the benefits of insulin therapy
and the use of insulin analogues with proven
safety. Additionally, educating patients on insulin
therapy, blood sugar monitoring, diet and lifestyle
changes can reduce anxiety about insulin and
provide more successful treatment.

Conclusions

The BMI level, presence of hypertension,
education level and age at the onset of diabetes were
the significant factors affecting the time elapsed
for switching to insulin therapy. As the education
level, diabetes onset age or BMI level increases,
the time elapsed for switching to insulin therapy
may shorten. Hypertension accompanying type 2
diabetes mellitus may increase the time elapsed for
switching to insulin therapy.

Conflict of interest
The authors declare that they have no conflict
of interest.

Funding Sources
There are no funding sources to declare.

Ethical Approval

For this study, approval was obtained local
ethics committee with the decision number
2018/017.

110



Turk J Int Med 2022;4(3):106-111

Aslan, et al.

Authors’ Contribution

Study Conception, Literature Review, Critical

Review, Data Collection and/or Processing,
Statistical Analysis and/or Data Interpretation,
Manuscript preparing held by all authors.

References

Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga
S, Unwin N, Colagiuri S, Guariguata L, Motala AA,
Ogurtsova K, Shaw JE, Bright D, Williams R; IDF
Diabetes Atlas Committee. Global and regional diabetes
prevalence estimates for 2019 and projections for 2030 and
2045: Results from the International Diabetes Federation
Diabetes Atlas, 9th edition. Diabetes Res Clin Pract. 2019
Nov;157:107843. doi: 10.1016/j.diabres.2019.107843.
American Diabetes Association. Diagnosis and
classification of diabetes mellitus. Diabetes Care. 2013;36
Suppl 1(Suppl 1):S67-S74. doi:10.2337/dc13-S067.

Saisho Y. B-cell dysfunction: Its critical role in prevention
and management of type 2 diabetes. World J Diabetes.
2015;6(1):109-24. doi:10.4239/wjd.v6.11.109.

Alejandro EU, Gregg B, Blandino-Rosano M, Cras-
Méneur C, Bernal-Mizrachi E. Natural history of [1-cell
adaptation and failure in type 2 diabetes. Mol Aspects
Med. 2015;42:19-41. doi:10.1016/j.mam.2014.12.002.
Nathan DM, Buse JB, Davidson MB, Ferrannini E,
Holman RR, Sherwin R, Zinman B; American Diabetes
Association; European Association for Study of Diabetes.
Medical management of hyperglycemia in type 2 diabetes:
a consensus algorithm for the initiation and adjustment of
therapy: a consensus statement of the American Diabetes
Association and the European Association for the Study
of Diabetes. Diabetes Care. 2009 Jan;32(1):193-203. doi:
10.2337/dc08-9025.

Sherwani SI, Khan HA, Ekhzaimy A, Masood A,
Sakharkar MK. Significance of HbAlc Test in diagnosis
and prognosis of diabetic patients. Biomark Insights.
2016;11:95-104. doi:10.4137/BMI1.S38440.

Hanssen KF. Blood glucose control and microvascular
and macrovascular complications in diabetes. Diabetes.
1997 Sep;46 Suppl 2:S101-3. doi: 10.2337/diab.46.2.s101.
Sreenan S. HbAlc levels exceed recommended targets
prior to initiation or intensification of insulin therapy in
clinical practice: baseline data from the PREDICTIVE™
European cohort. EASD 2006, Abstract 0897.

Peyrot M, Rubin RR, Lauritzen T, Skovlund SE,
Snoek FJ, Matthews DR, Landgraf R, Kleinebreil L;
International DAWN Advisory Panel. Resistance to
insulin therapy among patients and providers: results of
the cross-national Diabetes Attitudes, Wishes, and Needs
(DAWN) study. Diabetes Care. 2005 Nov;28(11):2673-9.
doi: 10.2337/diacare.28.11.2673.

Ll

111

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Nathan DM, Cleary PA, Backlund JY, Genuth SM,
Lachin JM, Orchard TJ, Raskin P, Zinman B; Diabetes
Control and Complications Trial/Epidemiology of
Diabetes Interventions and Complications (DCCT/
EDIC) Study Research Group. Intensive diabetes
treatment and cardiovascular disease in patients with
type 1 diabetes. N Engl J Med. 2005 Dec 22;353(25):2643-
53. doi: 10.1056/NEJMo0a052187.

Steppel JH, Horton ES. Beta-cell failure in the
pathogenesis of type 2 diabetes mellitus. Curr Diab Rep.
2004 Jun;4(3):169-75. doi: 10.1007/s11892-004-0019-3.
Unger J, Cole BE. Recognition and management of
diabetic neuropathy. Prim Care. 2007 Dec;34(4):887-913,
viii. doi: 10.1016/j.pop.2007.07.003.

Home P, Boulton A, Jimenez J, Landgraf R, Osterbrink
B, Christiansen JS; on behalf of the Worldwide Initiative
for Diabetes Education (WorldWIDE). Issues relating to
the early or earlier use of insulin in type 2 diabetes. Pract
Diab Int. 2003 March;20(2):63-71. doi: 10.1002/pdi.433.
Intensive blood-glucose control with sulphonylureas or
insulin compared with conventional treatment and risk of
complications in patients with type 2 diabetes (UKPDS
33). UK Prospective Diabetes Study (UKPDS) Group.
Lancet. 1998 Sep 12;352(9131):837-53. Erratum in: Lancet
1999 Aug 14;354(9178):602.

Weng J,LiY, Xu W, Shi L, Zhang Q, Zhu D, Hu Y, Zhou
Z, Yan X, Tian H, Ran X, Luo Z, Xian J, Yan L, Li F,
ZengL,ChenY, Yang L, Yan S, Liu J, Li M, Fu Z, Cheng
H. Effect of intensive insulin therapy on beta-cell function
and glycaemic control in patients with newly diagnosed
type 2 diabetes: a multicentre randomised parallel-
group trial. Lancet. 2008 May 24;371(9626):1753-60. doi:
10.1016/S0140-6736(08)60762-X.

Alvarsson M, Sundkvist G, Lager I, Berntorp K, Ferngvist-
Forbes E, Steen L, Orn T, Holberg MA, Kirksaether N,
Grill V. Effects of insulin vs. glibenclamide in recently
diagnosed patients with type 2 diabetes: a 4-year follow-
up. Diabetes Obes Metab. 2008 May;10(5):421-9. doi:
10.1111/5.1463-1326.2007.00719.x.

Brunton S. Initiating insulin therapy in type 2 diabetes:
benefits of insulin analogs and insulin pens. Diabetes
Technol Ther. 2008 Aug;10(4):247-56. doi: 10.1089/
dia.2008.0287.

Wright A, Burden ACF, Paisey RB, Cull CA, HolmanRR,
U.K. Prospective Diabetes Study Group. Sulfonylurea
inadequacy: efficacy of addition of insulin over 6 years
in patients with type 2 diabetes in the UK Prospective
Diabetes Study (UKPDS 57). Diabetes Care. 2002
Feb;25(2):330-6. doi: 10.2337/diacare.25.2.330.
Korytkowski M. When oral agents fail: practical barriers
to starting insulin. Int J Obes Relat Metab Disord. 2002
Sep;26 Suppl 3:518-24. doi: 10.1038/sj.1j0.0802173.
Heinemann L. Overcoming obstacles: new management
options. Eur J Endocrinol. 2004 Oct;151 Suppl 2:T23-7,
discussion T29-30. doi: 10.1530/eje.0.151t023.

@@ This is an open access article distributed under the terms of Creative Common

Attribution-NonCommercial-NoDerivatives 4.0 International License.



https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Home%2C+PD
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Boulton%2C+AJM
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Jimenez%2C+J
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Landgraf%2C+R
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Osterbrink%2C+B
https://pubmed.ncbi.nlm.nih.gov/?term=Burden+AC&cauthor_id=11815505
https://pubmed.ncbi.nlm.nih.gov/?term=Paisey+RB&cauthor_id=11815505
https://pubmed.ncbi.nlm.nih.gov/?term=Cull+CA&cauthor_id=11815505
https://pubmed.ncbi.nlm.nih.gov/?term=Holman+RR&cauthor_id=11815505

	Yer İmi 1

