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ABSTRACT

Background: Double diabetes is a combination of characteristics of type 1 diabetes (T1DM)
with metabolic syndrome and insulin resistance. The presence of insulin resistance and
the metabolic syndrome are risk markers for macrovascular disease and several studies
have found an increased incidence of chronic complications in TLDM patients with double
diabetes.

Objective: The aim of this study was to determine the frequency of metabolic syndrome
and insulin resistance (double diabetes) among T1DM at Gabir Abualiz Hospital, Khartoum
State March to November 2020.

Method: This was an analytical cross-sectional study conducted at Gaber Abu-Aliz Hospital
during the period from August to November 2020, in which 60 TLDM patients were enrolled.
Insulin resistance was assessed by estimated glucose disposal rate (eGDR), a low rate
correlates with increased insulin resistance. Metabolic syndrome was diagnosed according
to the American Heart Association/National Heart, Lung, and Blood Institute criteria.

Results: Among 60 patients, the majority were females (81.7%). Metabolic syndrome was
found in 27% of patients and abdominal obesity (male WC> 40; female WC> 35 inches) was
the component of the metabolic syndrome in 42% of patients. The mean eGDR was 7.88
(2.6-11.6), and 25% had low eGDR levels (most insulin resistance < 4.5). The metabolic
syndrome was significantly common among patients with eGDR below 3rd tertile (< 7.8) (P
value= 0.000). Moreover, the presence of metabolic syndrome and insulin resistance was
significantly associated with obesity, positive family history of T2DM, Lantus use, HbAlc
above 9%, retinopathy and nephropathy.

Conclusions: The features of double diabetes (metabolic syndrome and insulin resistance)
are common among Sudanese T1DM patients. Both metabolic syndrome and insulin
resistance were significantly correlated with poor glycemic control, obesity, positive T2DM
family history and microangiopathic complications..
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Introduction

Diabetes mellitus (DM) is considered as one of the most common
diseases worldwide affecting the life of millions of people. Type
1 diabetes results from autoimmune destruction of the insulin-
producing beta cells of the pancreas, while type 2 diabetes is
due to a combination of insulin resistance and reduction in
insulin secretion. Precise identification and diagnosis of these

two types of diabetes have been becoming increasingly difficult,
this resulted in adding a new category, namely double or hybrid
diabetes that reveals symptoms of both type 1 and type 2
through the accelerator hypothesis [1].

In 1991, the term ‘double diabetes’ was first introduced when
patients with type 1 DM and who had a family history of type
2 DM were observed to have an increased risk of obesity and
hardly achieved satisfactory glycemic control even with higher
dosesofinsulin. Double diabetes can be defined asa combination
of characteristics of type 1 diabetes with metabolic syndrome
and insulin resistance [2]. The metabolic syndrome constitutes
a cluster of connected cardiovascular risk factors, centered
around central obesity, insulin resistance, dyslipidemia, and
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hypertension. Moreover, the metabolic syndrome increases the
risk of cardiovascular disease in both nondiabetic and type 2
diabetic patients. There are several definitions for metabolic
syndrome, the most recent being the agreement from the
International Diabetes Federation (IDF) [3].

The American Heart Association/National Heart, Lung, and
Blood Institute (AHA/NHLBI) proposed criteria to diagnose
metabolic syndrome including; central obesity (male waist of
more than 40 and female waist of more than 35 inches), high
triglyceride (more than 150 mg/dl) or on lipid lowering agent,
low HDL cholesterol (less than 40 in male and 50 in females)
or on a HDL improving drug, blood pressure more than 130/85
mmHg or on treatment and high fasting glucose (more than 100
mg/dL) or on glucose lowering agent. Three of the above are
required for diagnosis [4].

Apart from using labor-intensive and invasive euglycemic-
hyperinsulinemic clamp techniques, determining insulin
resistance in type 1 diabetes is challenging as simpler tools like
the homeostasis model are not suitable for these patients [5,6].
In clinical settings, insulin resistance among type 1 diabetic
patients is usually recognized by their increasing needs for
insulin. However, in recent years a validated tool for estimated
glucose disposal rate (eGDR) has been established. Based on
clinical factors, this tool calculates a score, which reveals a
close relationship to insulin resistance when formally measured
by the clamp method. By using this technique, the Pittsburgh
Epidemiology of Diabetes Complications Study has found that
high insulin resistance (means low eGDR) to be significantly
associated with a higher risk of coronary artery disease,
peripheral vascular disease, and nephropathy [3].

Objectives

This study aimed to determine the frequency of metabolic
syndrome and insulin resistance (double diabetes) among
T1DM patients and to identify the factors associated with
metabolic syndrome and insulin resistance among T1DM
patients. Moreover, to assess the complications of double
diabetes among T1DM patients.

Methods

Study Design

This is an analytical cross-sectional study conducted at a hospital
setting.

Study Setting and Period

The study was conducted from March to August 2020 at Gaber
Abu-Aliz Hospital, Khartoum State, Sudan, a large diabetic
center.

Study Population
The study population included adult patients (>18 years) with
type 1 diabetes mellitus attending Gaber Abu-Aliz Hospital.

Inclusion and Exclusion Criteria

Inclusion criteria:

e Adult patients (>18 years)

e  Patients with type 1 diabetes mellitus
e Males and females

Exclusion Criteria:
e  Critical ill patients
e Refusal to participate in the study

Sampling Technique
The total coverage method was used during the study period,
and 60 patients were enrolled.

Data Collection Tools and Methods

Data collection was carried out by the principal researcher. Data
were collected through a structured questionnaire consisting of:
demographic, clinical characteristics, laboratory results, medical
history, complications, glycemic control and diet control.
Insulin resistance was assessed by estimated glucose disposal
rate (eGDR) as follows

eGDR = 24.31 - 12.22 (WHR) - 3.29 (hypertension status) — 0.57 (HbA )

Where HTN is the presence of hypertension (0 = no, 1 = yes) and
WC is waist circumference.

Metabolic syndrome was diagnosed according to American

Heart Association/National Heart, Lung, and Blood Institute

(AHA/NHLBI) criteria including:

e A waist circumference of 32” to 40” based on gender and
race

e Elevated triglycerides greater than or equal to 150 mg/dL

e Reduced HDL less than 40 mg/ dL in men, less than 50 mg/
dL in women

e Elevated blood pressure greater than or equal to 130 mmHg
systolic and/or greater than or equal to 85 mmHg diastolic

e Elevated fasting glucose greater than or equal to 100 mg/
dL

e Metabolic syndrome is identified by the presence of three
or more

Data Analysis

Data were analyzed by using the Statistical Package for Social
Sciences (SPSS V. 21.0). The analyzed data were presented in
tables and figures designed by Microsoft Excel 2007. The chi-
Square test was used as a significance test and the P. value less
than 0.05.was considered as significant.

Results

In total this study enrolled 60 type 1 diabetes mellitus patients,
49 (81.7%) were females and 11 (18.3%) were males, their mean
age was 21.5+2.6 years. Most of them were students (n=32;
53.3%) and singles (n=56; 93.3%). Furthermore, the mean BMI
of the participants was 23.943.9 kg/m2, and the majority of
them (n=34, 56.7%) had normal BMI levels (Table 1).

Regarding the duration of DM, 32 (54%) of the patients had
DM duration ranging from 5-10 years, while 5 (8%) of them had
DM for more than 15 years. Moreover, the mean of HbAlc was
9.311.6% and most of the subjects (n= 41, 68.3%) had HbAlc
ranged from 6-9%. The vast majority of the patients (n=55,
92%) were taking mixed insulin and 5 (8%) of them were taking
Lantus insulin, all the patients received insulin doses ranging
from 0.6-1 IU/Kg. Positive family history of T2DM was found
in 32 (53.3%) patients (Table 2). Regarding the blood pressure,
the mean of systolic blood pressure was 119+15 mmHg and the
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mean diastolic blood pressure was 80+9 mmHg. In addition, 6
(10%) patients used Antihypertensive agents (Table 2).

Table 1: The demographic data of patients with type 1 diabetes
mellitus (N=60).

N %
Age (Years); mean + SD 21.5%2.6
Gender
Female 49 81.7
Male 11 18.3
Occupation
Student 32 53.3
Housewife 3 5.0
Worker 2 3.3
Unknown 23 38.3
Marital status
Single 56 93.3
Married 4 6.7
wcC N
Abdominal obesity >40 M />35 F inches 27 42%
Normal 33 58%
BMI
Underweight 3 5%
Normal 34 56.7%
Overweight 16 26.6%
Obese 7 11.7%

Table 2: The Disease Characteristics of patients with type 1 diabetes
mellitus (n =60).

N %
Duration of TIDM years
o 5-10 32 53.3%
o 11-15 23 38.3%
e >15 5 8.4%
DM control (HbA1c)
<7% 5 8.3%
7% - 9% 31 51.7%
>9% 24 40%
Family history of T2Dm
® Yes 32 53.4%
e No 28 46.6%
Treatment (type of Insulin)
Mixed insulin 55 92%
Lantus insulin 5 8%
Complication
e  Retinopathy 19 31.7%
®  Nephropathy 14 23.3%
o DSF 1 1.7%
e Non 31 51%
Blood pressure; (Mean BP 119/80)
o >130/85 13 21.7%
e On medication 6 10%
Lipid profile
e  Cholesterol
o High TGL 11 18.3%
o Low HDL 7 11.7%
e On lipid lowering agents 2 3.3%

WWW.ajrms.com

In this study, the mean of cholesterol was 168+42 mg/dI,
triglyceride was 15154 mg/dl, HDL-cholesterol was 49+14
mg/dl and LDL-cholesterol was 99+53 mg/dl. Two (2.3%)
patients used Lipid lowering agents (Table 2). Concerning the
complications, 19 (31.7%) patients had retinopathy, 14 (23.3%)
had nephropathy and one (1.7%) patient had diabetic septic
foot (DSF) (Table 2). With respect to metabolic syndrome
indicators, 27 (42%) patients had abdominal obesity (male WC>
40 cm; female WC> 35 c¢cm), 13 (21.7%) had blood pressure >130
/85 or on treatment, 11 (18.3%) patients had high triglyceride
above 150 mg/dl or on lowering agent, and 7 (11.7%) patients
had low HDL (male < 40 mg/dl; female < 50 mg/dl) (Table 1, 2).

According to AHA NHLBI criteria, metabolic syndrome was found
in 16 (27%) patients (Figure 1). Estimated glucose disposal rate
(eGDR) was used to assess insulin resistance among our study
patients, in which 15 (25%) patients had eGDR levels below
25" tertile (highest insulin resistance< 4.5), 15 (25%) had eGDR
levels from 25 to 75 tertile (moderate insulin resistance= 4.5-
7.8) and 30 (50%) patients had eGDR levels above 75 tertile
(lowest insulin resistance > 7.9) (Figure 2).

m Yes mNo

Figure 1: The presence of metabolic syndrome among patients with
type 1 diabetes mellitus (N=60).

eGDR

I Mean(mini-max)=7.88 (2.6-11.6)

- 30%

r 20%
r 10%
0%

3rd tertile (»7.9) [n=30] 2nd tertile (4.5-7.9) [n isttertile (<4.5) [n=15]

Figure 2: The levels of estimated glucose disposal rate (eGDR) and
insulin resistance among type 1 diabetes mellitus (TIDM) patients
(N=60).
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The association between metabolic syndrome and diabetic
characteristics showed that the metabolic syndrome
development among our subjects was significantly associated
with HbA1c levels above 9% (P value= 0.013) and Lantus insulin
was used more than mixed insulin (P value= 0.011). However,
the duration of DM was not significantly affected by metabolic
syndrome (P. value= 0.170) (Table 3). Table 3 revealed a
significant association between metabolic syndrome and eGDR
below 3rd tertile (< 7.8) (P. value= 0.000).

Table 3: The association between metabolic syndrome and insulin
resistance.

Metabolic syndrome

P. value
Yes No
eGDR
. 9 6
e Ist tertile (<4.5)
60.0% 40.0%
. 6 9
e  2nd tertile (4.5-7.9) <0.001
40.0% 60.0%
1 29
e 3rdtertile (>7.9)
3.3% 96.7%

Table 4 showed that metabolic syndrome was significantly
common among obese patients (57.1%) compared to other
patients (P. value= 0.025).

Table 4: The association between metabolic syndrome and BMI.

Metabolic syndrome

P. value
Yes No
BMI
. 1 2
e Underweight
33.3% 66.7%
7 27
e  Normal
20.6% 79.4%
0.025
. 4 12
®  Overweight
25.0% 75.0%
4 3
e QObese
57.1% 42.9%

Metabolic syndrome was significantly more frequent among
patients with a positive family history of T2DM when compared
to other patients (43.8% vs 7.1%; P. value= 0.007). Metabolic
syndrome was significantly common among patients with
retinopathy (63.2% vs 17.1%,; P. value= 0.001) and nephropathy
(47.4% vs 12.2%; P. value= 0.004), whereas patients without
metabolic syndrome were less likely to developed complications
(P. value= 0.000) (Table 5).

The association between insulin resistance and diabetic
characteristics showed that the larger number of the lowest
eGDR tertile (most insulin resistance<4.5) were found among
patients with HbAlc above 9% (P. value= 0.02) and Lantus
insulin users (P. value= 0.028). Although, the duration of DM
was not significantly correlated with insulin resistance (P.
value=0.125) (Table 6).

Table 6 showed that a family history of type 2 diabetes was
significantly associated with lower eGDR tertile (<4.5) (P value=
0.000). Furthermore, this study revealed that the lowest
eGDR tertile (most insulin resistance<4.5) was significantly

4

associated with retinopathy (P. value= 0.000) and nephropathy
(P. value= 0.000), whilst patients with the highest eGDR tertile
(most insulin sensitive> 7.9) were less likely to developed
complications (P. value= 0.000).

Table 6: The association between insulin resistance and diabetic
characteristics.

Metabolic syndrome

Yes No P. value
Diabetes duration (Yrs)
7 25
e 51
>-10 21.9% 78.1%
7 16 0.170
o 11-1
> 30.4% 69.6%
2 3
° >1
> 40.0% 60.0%
HbA1c (%)
0 5
[ ] -
6-9 0.0% 100.0%
6 25
o 10-12 .01
0 19.4% 80.6% 0.013
R 512 10 14
41.7% 58.3%
Types of insulin
. 12 43
[ ]
Mixed 21.8% 78.2%
a 1 0.011
[ ]
Lantus 80.0% 20.0%
Family history of T2Dm
R Yes 14 18
43.8% 56.2%
) 26 0.007
o No
7.1% 92.9%
Complication
e  Retinopath 12 /
pathy 63.2 17.1 0.001
2 > 0.004
[ ] .
Nephropathy 47.4 122
0 1
© DS 0% 2.4% 0.683
2 29
° i i <0.001
No complication 10.5% 707

Table 7 demonstrated that obese patients were more likely to
have the lowest eGDR tertile (most insulin resistance<4.5) (P.
value=0.021).

Table 7: The association between insulin resistance and BMI.

eGDR
1st tertile  2nd tertile 3rd tertile  P.value
(<4.5) (4.5-7.9) (>7.9)
BMI
1 0 2
e Underweight
33.3% 0.0% 66.7%
6 8 20
e  Normal
17.6% 23.5% 58.8%
0.021
. 5 3 8
e  QOverweight
31.3% 18.8% 50.0%
3 4 0
e QObese
42.9% 57.1% 0.0%
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Discussion

This study aimed to determine the frequency of metabolic
syndrome and insulin resistance (double diabetes) among 60
Sudanese Type 1 diabetic patients in Gaber Abu-Aliz Hospital,
and to identify the factors associated with metabolic syndrome
and insulin resistance in Type 1 DM patients.

Using the AHA/NHLBI criteria, this study found that the
frequency of metabolic syndrome in patients with type 1 DM
was 27% (n= 16). This finding was comparable with the results
reported by Merger et al. in a large epidemiological study
which revealed that a total of 25.5% of patients suffering from
type 1 DM presented with metabolic syndrome [7]. Similar data
have been reported by the Diabetes Control and Complications
Trial [2], Juan J et al. [8] and Angela S et al. [9]. Those reported
prevalence of 27.7%, 31% and 30.1%, respectively, using the
same criteria. Studies of Americans with type 1 DM found that
rates of metabolic syndrome ranging from 8%-31%, depending
on the diagnostic criteria used [10]. On the other hand, a higher
rate of metabolic syndrome was reported by the Finn-Diane
study in which the prevalence of the metabolic syndrome was
38% [11]. This difference could be due to socio-demographic
characteristics of the study participants.

Out of all the components of the metabolic syndrome (apart
from hyperglycemia, which was present in all the subjects),
the most frequent component was abdominal obesity (male
WC> 40 inches; female WC> 35 inches) which was reported
in 27 (42%) patients. These observations were consistent with
the study of Juan J et al. who also revealed that abdominal
obesity and hypoalphalipoproteinemia were the commonest
components of the metabolic syndrome [8].

The current study found a significant association between
the metabolic syndrome and the high HbAlc levels (above
9%) (P value = 0.013) and Lantus insulin more than the mixed
insulin (P value = 0.011). Similarly, ERIC S et al. reported in the
Diabetes Control and Complications Trial that HbA1lc is higher in
metabolic syndrome patients when compared to other patients
(9.2 +£1.6% vs 8.8 £ 1.5%) [2]. Similarly, Juan J et al. noticed that
uncontrolled HbAlc has a significant and strong association
with the presence of metabolic syndrome [8]. Moreover, the
Finn-Diane study reported that the prevalence of metabolic
syndrome was 31% in patients with good glycemic control,
36% in patients with intermediate glycemic control, and 51% in
patients with poor glycemic control (P < 0.001) [11]. Metabolic
syndrome was significantly common among obese patients
(57.1%) compared to others (P value=0.025). This finding was in
accordance with the study which conducted by Juan J et al. who
found a significant association between obesity and metabolic
syndrome [8]. Obesity is linked with insulin resistance and
poor metabolic control along with many other problems [12].
Among our study group, metabolic syndrome was significantly
frequent among patients with a positive family history of
T2DM more than others (43.8% vs 7.1%; P. value= 0.007). This
finding was consistent with another study conducted by Teupe
B et al. [13]. Remarkably, metabolic syndrome was common
among patients with retinopathy (63.2% vs 17.1%; P. value=
0.001) and nephropathy (47.4% vs 12.2%; P. value= 0.004).
These results were strongly in agreement with Merger SR et al.
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who stated that double diabetes demonstrated an increased
risk for nephropathy and retinopathy [7]. Correspondingly,
Juan J et al. reported that patients with type 1 DM and the
metabolic syndrome had a significantly higher prevalence of
microangiopathic complications (retinopathy, neuropathy and
nephropathy) compared to type 1 Diabetic patients without
the metabolic syndrome [8]. Additionally, in the Finn-Diane
study patients with metabolic syndrome had a 3.75-fold odds
ratio for diabetic nephropathy (95% Cl 2.89—-4.85) [11]. The risk
of diabetic nephropathy increases with increasing number of
metabolic syndrome components per patient [14].

The present study showed that metabolic syndrome was
significantly common among patients with eGDR below 3™
tertile (< 7.8) (P value= 0.000). This finding was consistent with
ERIC S et al. who found low eGDR was significantly correlated
with the metabolic syndrome (7.4 + 1.7 vs 8.3 £ 1.3) [2]. Similarly,
Mihaela L et al. observed that patients with metabolic syndrome
have lower eGDR than patients without metabolic syndrome
(5.82+2.22 vs. 7.18+2.25), the difference being statistically
highly significant (p=0.0001) [15]. Similar results were found by
Chillaro'n J et al., in which eGDR level less than 8.77 was found
to be strongly associated with the metabolic syndrome [16].

Our study demonstrated that the highest proportions of insulin
resistance were found among patients with HbAlc above 9%
(P. value= 0.02) and Lantus insulin users (P. value= 0.03). These
findings were consistent with other previous studies such as
Eric J et al. [17], Chillaro'n J et al. [16] and Katherine V et al.
[18] those reported HbA1lc was inversely associated with eGDR.
HbAl1c has a significant association with insulin resistance, as
several studies indicating a strong association between HbA1lc
levels and insulin sensitivity in individuals with normal glucose
tolerance [19-21].

This study revealed that obesity (BMI>29.9 kg/m2) was
significantly associated with insulin resistance (P value =
0.021). This result was comparable to the studies of Eric J et
al. [17] and Katherine V [18]. Although, Enrique P et al. failed
to find a significant correlation between eGDR and BMI among
young (<18 years) type 1 diabetic patients [22], and this might
be related to the study population.

The present study showed that a positive family history of type
2 diabetes was significantly associated with insulin resistance
(P value= 0.000). Consistently, Eric J et al. [17], Katherine V et
al. [18] and Silva A. Arslanian et al. [23] reported that a family
history of type 2 diabetes was more frequent among patients
with lower eGDR tertile (i.e. insulin resistance). Interestingly, the
current study illustrated that lowest eGDR tertile (most insulin
resistance<4.5) was significantly associated with retinopathy
(P. value < 0.001) and nephropathy (P. value < 0.001), whilst
patients with highest eGDR tertile (most insulin sensitive >
7.9) were less likely to develop complications (P. value= 0.000),
which is indicating that insulin resistance among T1DM patients
was significantly associated with development of complications
among those patients. Similarly, Eric S et al. in the Diabetes
Control and Complications Trial reported that the low eGDR at
baseline strongly predicted the development of retinopathy,
nephropathy, and cardiovascular disease (hazard ratios 0.75,
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0.88, and 0.70, respectively, per mg - kg* - min™ change; P <
0.001, P =0.005, and P = 0.002, respectively) [2]. Furthermore,
a study conducted by Mihaela L et al. showed that the chronic
complications of TIDM patients were significantly associated
with the lowest eGDR tertile [15]. Chillaro'n J et al. found all
patients with diabetic complications had eGDR values below
8.16. In addition, eGDR level was significantly lower in patients
with diabetic retinopathy (5.97 * 1.2), diabetic neuropathy
(5.06 + 0.4), and diabetic nephropathy (5.79 + 1.5) compared
to others (9.38 + 2.0, P 0.001; 9.26 + 2.0, P 0.001; and 9.19 +
2.2, P 0.001) [16]. Regarding the limitations of this study, due to
the limited time and resources, the sample size was limited and
the study was conducted in a single study area.

Conclusion

The present study concluded that the double diabetes
features (metabolic syndrome and insulin resistance) were
common among Sudanese Type 1 DM patients. Both metabolic
syndrome and insulin resistance were significantly correlated
with poor glycemic control (HbAlc> 9%), obesity (BMI> 29.9
kg/m?), and microangiopathic complications (retinopathy and
nephropathy). The eGDR can be considered as an accurate
indicator of insulin resistance in type 1 DM patients. It is a
simple tool and it can be easily calculated. Based on that,
we recommended using it as a routine insulin resistance
indicator among type 1 DM patients. Additionally, reducing
risk factors such as: poor glycemic control and high BMI can
effectively prevent the development of double diabetes.
Special consideration should be directed toward type 1 DM
patients with a positive family history of type 2 DM to reduce
the incidence of double diabetes.

Acknowledgment

The authors would like to thank Dr. Omer Osman (pediatrician
endocrinologist) for his great help. Also, we are sincerely
indebted to the staff and patients of Gaber Abu-Aliz Hospital for
their participation. Finally, our thanks extend to all colleagues
and friends who supported us in this study.

Ethical Consideration

Ethical approval was obtained from the Sudan Medical
Specialization Board (SMSB) and the hospital authority.
Written consents were attained from patients. Data were used
anonymously by using identity numbers instead of names in
order to protect the patient’s identity and kept securely and in
separate files.

References

1. Khawandanah J. Double or hybrid diabetes: A systematic
review on disease prevalence, characteristics and risk
factors. Nutr Diabetes. 2019; 9(1): 33.

2. Cleland SJ, Fisher BM, Colhoun HM, Sattar N, Petrie JR.
Insulin resistance in type 1 diabetes: what is “double
diabetes” and what are the risks? Diabetologia. 2013;
56(7): 1462-1470.

3. Kilpatrick ES, Rigby A, Atkin S. Insulin Resistance, the
Metabolic Syndrome, and Complication Risk in Type 1

Diabetes “Double diabetes” in the Diabetes Control and
Complications Trial. Diabetes Care. 2007; 30(3): 707-712.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel
RH, et al. Diagnosis and management of the metabolic
syndrome: An American Heart Association/National Heart,
Lung, and Blood Institute scientific statement. Circulation.
2005; 112(17): 2735-2752.

Zhang Y, Xu L, Liu X, Wang Y. Evaluation of insulin sensitivity
by hyperinsulinemic-euglycemic clamps using stable
isotope-labeled glucose. Cell Discov.2018; 4: 17.

Muniyappa R, Madan R, Varghese RT, Feingold KR, Anawalt
B, et al. Assessing Insulin Sensitivity and Resistance in
Humans. Endotext. 2021.

Merger SR, Kerner W, Stadler M, Zeyfang A, Jehle P, et al.
Prevalence and comorbidities of double diabetes. Diabetes
Res Clin Pract. 2016; 119: 48-56.

Chillarén JJ, Flores Le-Roux JA, Benaiges D, Pedro-Botet J.
Type 1 diabetes, metabolic syndrome and cardiovascular
risk. Metabolism. 2014; 63(2): 181-187.

Lee AS, Twigg SM, Flack JR. Metabolic syndrome in type 1
diabetes and its association with diabetes complications.
Diabet Med. 2021; 38(2).

Pambianco G, Costacou T, Orchard TJ. The prediction of
major outcomes of type 1 diabetes: a 12-year prospective
evaluation of three separate definitions of the metabolic
syndrome and their components and estimated glucose
disposal rate: the Pittsburgh Epidemiology of Diabetes
Complications Study experience. Diabetes Care. 2007;
30(5): 1248-1254.

Thorn LM, Forsblom C, Fagerudd J, Thomas MC, Pettersson-
Fernholm K, et al. Metabolic syndrome in type 1 diabetes:
association with diabetic nephropathy and glycemic
control (the FinnDiane study). Diabetes Care. 2005; 28(8):
2019-2024.

Ikizler TA, Sahinoz M. Obesity and Metabolic Syndrome.
Diabetes and Kidney Disease, Second Edition. 2022; 293-
304.

Teupe B, Bergis K. Epidemiological evidence for “double
diabetes”. Lancet. 1991; 337(8737): 361-362.

Selby NM, Taal MW. An updated overview of diabetic
nephropathy: Diagnosis, prognosis, treatment goals and
latest guidelines. Diabetes Obes Metab. 2020; 22(S1): 3-15.

Bicu ML, Bicu D, Gargavu S, Sandu M, Vladu Mi, et al.
Estimated glucose disposal rate (eGDR) - A marker for the
assessment of insulin resistance in type 1 diabetes mellitus.
Rom J Diabetes Nutr Metab Dis. 2016; 23(2): 177-182.

Chillarén JJ, Goday A, Flores-Le-RouxJA, Benaiges D, Carrera
MJ, et al. Estimated glucose disposal rate in assessment of
the metabolic syndrome and microvascular complications
in patients with type 1 diabetes. J Clin Endocrinol Metab.
2009; 94(9): 3530-3334.

Epstein EJ, Osman JL, Cohen HW, Rajpathak SN, Lewis
O, et al. Use of the Estimated Glucose Disposal Rate as
a Measure of Insulin Resistance in an Urban Multiethnic
Population With Type 1 Diabetes. Diabetes Care. 2013;
36(8): 2280-2285.

Williams KV, Erbey JR, Becker D, Arslanian S, Orchard TJ.
Can clinical factors estimate insulin resistance in type 1
diabetes? Diabetes. 2000; 49(4): 626-632.

Am J Med Clin Sci ® 2024 ¢ Vol 9 e Issue 6



Double Diabetes: Insulin Resistance and Metabolic Syndrome in Sudanese Patients with Type 1 Diabetes Mellitus

19.

20.

21.

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.

Mukherjee S, Ray SK, Jadhav AA, Wakode SL. Multi-level
Analysis of HbAlc in Diagnosis and Prognosis of Diabetic
Patients. Curr Diabetes Rev. 2024; 20(7).

Lin JD, Chang JB, Wu CZ, Pei D, Hsieh CH, et al. Identification
of insulin resistance in subjects with normal glucose
tolerance. Ann Acad Med Singap. 2014; 43(2): 113-119.

WWW.ajrms.com

22.

23.

Atance EP, Herrera MJB, Muifia PG, Cano RR, Martin AL,
et al. Estimated glucose disposal rate in patients under 18
years of age with type 1 diabetes mellitus and overweight
or obesity. Endocrinol Nutr. 2013; 60(7): 379-385.

Arslanian SA, Bacha F, Saad R, Gungor N. Family History
of Type 2 Diabetes Is Associated With Decreased Insulin
Sensitivity and an Impaired Balance Between Insulin
Sensitivity and Insulin Secretion in White Youth. Diabetes
Care. 2005; 28(1): 115-119.



