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Abstract
Background: Diabetes is now a real global disease in particular due to various health problems associated with
it. This study aimed to establish the relationship between diabetes and some biochemical parameters to assess
the metabolic profile of an adult diabetic population in the region of Tebessa (Northeast Algeria).
Methods: A cross-sectional survey was conducted at the Public Health Facility and the House of Diabetics in
Tebessa between Feb 2013 and Apr 2013. The study included 200 subjects (100 controls and 100 diabetics) aged
18-85 yr, chosen completely randomly.
Results: Type 2 diabetes mellitus (37%) was significantly more frequent than type 1 diabetes mellitus (13%). It
was significantly more frequent in women than in men. The diabetes was highly correlated with the age and body
mass index of patients. Moreover, the two types of diabetics have significantly more diseases and metabolic disorders compared to control subjects.
Conclusion: Diabetics especially type 2 has significantly higher metabolic disorders and associated diseases than
type 1 and control subjects.
Keywords: Laboratory medicine, Type 1 diabetes mellitus, Type 2 diabetes mellitus, Body mass index

Introduction
In less than a quarter of a century, the diabetes
mellitus became a major public health problem in
developing countries (1,2). Nowadays, it is
among the five main chronic diseases for which
the WHO recently published a report calling for
effective action (1).
Diabetes mellitus is a chronic non-communicable
disease due to either genetic or acquired deficiency in insulin production (type 1 diabetes mellitus:
T1DM), or a lack of action of this hormone (type
2 diabetes mellitus: T2DM). It is considered a
serious public health because of its frequency, its
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social cost and its complications (3,4). Indeed,
nearly 100 million cases of diabetes are reported
and prevalent worldwide (5). “Different clinical
forms of diabetes mellitus share hyperglycemia,
which usually is chronic, and sometimes hyperlipidemia and/or hyperproteinemia and consequently the ability to grow after a few yr of degenerative complications” (6). Indeed, diabetics
generally are further affected by different diseases
including
obesity,
hypertension,
microangiopathy and metabolic syndrome (7,8).
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In addition, T2DM is the more preponderant on
the public health, particularly in Europe where 10
million people, the equivalent of one in 25 of the
total population, are diabetics (9). Experts predict
a global epidemic in the next 25 years, where they
announced an alarming figure for the number of
diabetics that could reach 300 million worldwide
(9,10). Moreover, the growing epidemic of diabetes is more challenging in the developing world,
particularly when it is associated with obesity (3,7).
In Algeria, the prevalence of the disease is constantly increasing both in urban and rural populations (2). Indeed, the number of diabetics has
increased from one million in 1993 to more than
2.5 million people in 2007, representing 10% of
the national population in 2010 (11).
Globally, the risk of developing T1DM is low because it is actually influenced by inherited genetic
factors. However, the risk of developing T2DM is
higher and it increases with age, 20% of people
over 65 yr suffer from T2DM (9, 12, 13). It is a
multifactorial form. In addition to environmental
and cultural factors, there is a strong genetic component (2, 11). Heredity, inbreeding, geographical
and ethnic variations also play an important role.
Factors such as body mass index (BMI), age group,
reduced physical activity and dyslipidemia are also
determinants (11).
Due to the important epidemiologic and economic
consequences of the diabetes in the world in general and in developing countries in particular, this
survey focuses on studying this health problem in
the area of Tebessa (Northeast Algeria). The treatise represents a cross-sectional survey conducted
in two hospital settings in Tebessa. It aimed to
evaluate the metabolic profile of diabetic subjects
with T1DM and T2DM in relation with their anthropometric parameters, age and gender; and to
determine the impact of diabetes on the onset of
other associated pathologies.

Proximity (Department of Health) and the House
of Diabetics in Tebessa. The survey included 200
subjects of both genders, including 100 diabetic
patients (26 diabetic subjects with T1DM and 74
subjects with T2DM) and 100 control subjects
randomly selected.
During the course of the investigation, age, gender, metabolic status (fasting glucose, total cholesterol, HDL, LDL, triglycerides, creatinine, and
uric acid) and physical examination (weight,
height, various pathologies associated with diabetes) were defined and/or performed for each
study subject.

Materials and Methods

Statistical analyses

Data collection

The current prospective cross-sectional survey
was conducted between Feb 2013 and Apr 2013
at the laboratory of Public Health Facility of
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Biochemical assay
measurements

and

anthropometric

The biochemical parameters (glucose, triglycerides, total cholesterol, HDL, LDL, creatinine and
uric acid) were measured on samples of blood
using a digital mark BIOCHROMLIBRAS1 spectrophotometer. Then cholesterol ratio was calculated by dividing total cholesterol by HDL (14).
As for body weight, was determined using a portable scale of 150 kg range, to the nearest gram.
Blood pressure was measured by a manual
sphygmomanometer. The BMI was calculated
based on simple measures of body weight (in kg)
and height (in m): BMI = Weight/(Height)².
The investigated subjects were classified into
three groups based on BMI value: normal weight
(BMI = 18.5–24.9 kg/m²), overweight subjects
(BMI=25–29.9 kg/m²) and obese subjects (BMI
≥ 30 kg/m²). Then, obese subjects were grouped
into three classes: Class I: moderate obesity (BMI
= 30–34.9 kg/m²); Class II: severe obesity (BMI
= 35–39.9 kg/m²); and Class III: massive or
morbid obesity (BMI ≥ 40 kg/m²) (15). For each
subject, all the data collected during an interview
and the results of biochemical tests were registered on an individual record survey.
All results were rounded into means with standard deviations (SD). The Student t-test was used
to compare means of age, height, BMI and various biochemical parameters between diabetic
subjects with two types with means of these pa1120
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rameters in controls. Comparison of percentages
of sex, hypertension and microangiopathy between the two types of surveyed diabetic subjects
was performed using the Chi-square test (χ²). The
Pearson correlation test was used to identify the
relationship between blood glucose, the parameter characteristic of diabetes, on the one hand
and the various biochemical parameters and hypertension on the other hand. Statistical analyzes
and tests of data were carried out at a significance
level alpha = 0.05 using the software R (16) with
the help of the package {Rcmdr}. Graphs were
plotted using the package {ggplot2} (17).

Ethical approval

All procedures performed in studies involving
human participants were in accordance with the
ethical standards of the institutional and/or National Research Committee and with the 1964

Helsinki declaration and its later amendments or
comparable ethical standards.
Informed consent was obtained from all individual participants included in the study.

Results
Age and gender

The study population was characterized by an age
ranging between 18 and 85 yr, with average of
47.44 ± 16.84 yr. The average age of controls, for
a range of 18–72 yr, was significantly different
(P = 0.001) than the mean age of diabetic subjects that ranged from 19 to 85 yr. Whether men
or women, the diabetics were statistically significantly older. Moreover, subjects with T2DM
were significantly older than patients with T1DM
(Table 1).

Table 1: Distribution of the surveyed population according to age and gender

Parameters

Men

Women

Both genders combined

Control subjects

N (%)
38 (38)
62 (62)
Age (years)
39.26 ± 15.22
40 ± 15.44
T1DM
N (%)
07 (26.93)
19 (73.07)
Age (years)
40.71 ± 21.24
48.16 ± 16.63
P
0.714
0.068
T2DM
N (%)
23 (31.08)
51 (68.92)
Age (years)
59.35 ± 10.75
57.88 ± 12.63
P
<0.001
<0.001
Both diabetes types
N (%)
30 (30.00)
70 (70.00)
Age (years)
55.00 ± 15.66
55.24 ± 14.37
P
<0.001
<0.001
(N: number of subjects, P: P-value of unpaired t-test between controls and diabetics)

Regarding gender, women were significantly (unpaired t-test: P = 0.004) more numerous in the
two study groups (diabetics and controls). However, there were no significant differences between genders in control and diabetic subjects of
both types (Table 1).
The study of the correlation indicated a statistically significant positive relationship between
blood glucose and age of the control subjects
(r = 0.154, P = 0.025), as well as for the age of
patients with T1DM (r = 0.075, P = 0.046) and
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100 (100)
39.72 ± 15.29
26 (100)
46.15 ± 17.85
0.072
74 (100)
58.34 ± 12.02
<0.001
100 (100)
55.17 ± 14.69
<0.001

T2DM (r = 0.128, P = 0.006), regardless of gender.

Anthropometric measurements

The averages of BMI and weight in diabetics
(T1DM and T2DM) were significantly higher
compared to control subjects. While the controls
were relatively taller than of diabetic subjects, but
height was no significantly different for both
types of diabetes (Fig. 1).
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P = 0.005

P = 0.321

P = 0.012
P = 0.016

Height (m)

Body mass index (kg/m²)

P = 0.307

Weight (kg)

P = 0.026

Control
T1DM
T2DM
subjects Patients Patients

Control
T1DM
T2DM
subjects Patients Patients

Control
T1DM
T2DM
subjects Patients Patients

Fig. 1: Violin plots with overlaid notched box plots representing the distribution of anthropometric parameters
(weight, height, BMI) of the study population in Northeastern Algeria. The open circles are markers of the means,
whereas black dots are box plot outliers. P: P-value obtained from unpaired t-test

The percentages obtained for the different classes
of BMI are represented in Fig. 1. In diabetic subjects, regardless of the type of diabetes, obesity
was significantly (unpaired t-test: P = 0.001) more
frequent (T1DM: 53.77%, T2DM: 53.92%) and
different from controls, where rate of normalweight subjects (43%) was more important compared to overweighed persons (25%) and the
obese (32%). Thus diabetics were significantly
more obese than control subjects (Fig. 2). Subjects with T2DM were significantly (unpaired ttest: P<0.001) obese and overweight compared to
patients with T1DM.
The study of correlation revealed a significant
positive relationship between blood glucose and
BMI in T1DM subjects (r = 0.013, P=0.002) and

State of personal health

The microangiopathies include nephropathy, retinopathy and diabetic neuropathy. Taking into
consideration the type of diabetes, diabetic patients with type 1 and 2 have significantly more
personal history with regards these diseases than
control subjects (Table 2).
Hypertension (HTN) was significantly (P=0.003)
more common in T2DM subjects for both genders combined. The results of the χ² test indicate
that it is microangiopathies were more common
in T1DM particularly in female gender (Table 2).

Overweight

Obesity I

Obesity II

Obesity III

SURVEYED SUBJECTS
Control
T1DM
T2DM

Normal weight

T2DM (r = 0.114, P=0.001), regardless of gender. The same relationship was observed within
control subjects (r = 0.331, P=0.001).

0%

25%

50%
FREQUENCY

75%

100%

Fig. 2: Distribution of diabetic and control subjects according to the different classes of BMI (T1DM: Type 1 Diabetes Mellitus, T2DM: Type 2 Diabetes Mellitus)
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Table 2: Distribution of the surveyed population according to personal health status

Parameters

Control subjects Patients with T1DM Patients with T2DM T1DM+T2DM
N (%)
N (%)
P
N (%)
P
N (%)
P

Hypertension (HTN)
Men
08 (21.05)
01 (14.29)
0.569
15 (65.22)
0.002
Women
13 (20.97)
09 (47.37)
<0.001 31 (60.78)
<0.001
Both genders
21 (21.00)
10 (38.50)
0.006
46 (62.16)
<0.001
Microangiopathies
Men
03 (7.89)
02 (28.57)
0.318
04 (17.39)
0.31
Women
02 (3.23)
09 (47.37)
<0.001 15 (29.41)
0.002
Both genders
05 (5.00)
11 (42.30)
<0.001 24 (32.43)
<0.001
(N: number of subjects with the pathology, P: P-value obtained from the Chi-square test)

Biochemical parameters

P = 0.001
P = 0.016

LDL cholesterol (g/L)

HDL cholesterol (g/L)

P = 0.013
P = 0.043

P = 0.008
P = 0.002

Uric acid (g/L)

P = 0.004
P = 0.005

Triglycerides (g/L)

Cholesterol ratio

P = 0.004
P = 0.003

Creatinine (m g/L)

Glycaemia (g/L)

Total cholesterol (g/L)

P = 0.008
P = 0.009

P = 0.003
P = 0.014

06 (36.67) 0.168
24 (34.29) <0.001
35 (35.00) <0.001

diabetes, there was no significant difference between subjects with T1DM and T2DM. Furthermore, the correlation test applied between
blood glucose and various biochemical parameters showed a significant positive correlation with
all the assayed biochemical parameters (Table 3).

All the studied biochemical parameters were significantly higher in diabetics of both types than in
control subjects, except for HDL cholesterol that
was significantly higher in control subjects
(Fig. 3). By taking into consideration the type of
P <0.001
P <0.001

16 (53.33) 0.013
40 (57.14) <0.001
56 (56.00) <0.001

Fig. 3: Mean values (black dots) of the assayed biochemical parameters for control subjects and patients with T1DM
and T2DM in the area of Tebessa (Northeast Algeria). Vertical bars represent the standard deviation, P: P-value obtained from unpaired t-test
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Table 3: Pearson correlation tests between blood glucose and various biochemical parameters measured in the entire
study population

Parameters

Control subjects
r
P

Glycaemia vs. total cholesterol
0.520
Glycaemia vs. HDL cholesterol
0.433
Glycaemia vs. LDL cholesterol
0.637
Glycaemia vs. triglycerides
0.170
Glycaemia vs. creatinine
0.250
Glycaemia vs. uric acid
0.143
(r: Pearson's correlation coefficient, P: P-value)

Discussion
The age of the surveyed subjects presents records
of the same order as in numerous studies, in
which the average age of diabetes was 54.7 ± 14
yr regardless of sex and type of diabetes (18). The
T2DM subjects of the current study were significantly older than subjects with T1DM. Basically
the same findings regarding T2DM have been
found (19) an average age of 57 yr; while in 2009
(8) noted an age of 53 ± 10 yr for a 30-diabetic
patients in Casablanca (Morocco).
By taking into consideration the type of diabetes,
the age is significantly positively correlated with
glycaemia. These findings are consistent with
other studies such as the National Health Survey
conducted in 2005 by the National Institute of
Public Health of Algeria, which revealed that the
prevalence of total diabetes in Algeria and glycaemia increased significantly with age especially
between 35 and 70 yr for patients with T2DM
(2). Indeed, the prevalence of diabetes also increases with age, because of the positive association between age and blood glucose (20). In 1999
(12) demonstrated an increase of blood glucose
with aging in adult diabetic subjects.
Regardless of patient gender, the prevalence of
diabetes increases with age (21). The risk of developing diabetes, especially T2DM, greatly increases with age, where the most affected age
class is that of 40–59 yr (20). Indeed, there is a
decrease in insulin secretion and increased insulin
resistance in elderly patients (22).
In the study population, women significantly
outnumber in both groups of diabetes (T1DM:
Available at:
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<0.001
0.048
<0.001
0.001
0.012
0.025

Patients with T1DM
r
P

Patients with T2DM
r
P

0.450
0.322
0.241
0.515
0.709
0.234

0.250
0.120
0.331
0.490
0.501
0.165

<0.001
0.001
0.003
<0.001
<0.001
0.004

0.018
0.029
0.040
0.001
<0.001
0.021

73.07%, T2DM: 68.91%). These results are similar to other studies in Algeria. Indeed, the total
prevalence of diabetes was 14.2% in Tlemcen
(Northwest Algeria), where it was higher in
women (20.4%) against 10.7% in men (2).
A survey on the lipid profile in diabetics in Morocco indicates that the prevalence of diabetes is
higher among women (23). Cicolella (24) have
also found similar trends between genders. In
fact, the distribution of diabetes by gender reveals
globally a female predominance (55%), probably
related to the high longevity of women in North
Africa and other regions worldwide (25). These
gender patterns of diabetes may be related to the
social status of women in Muslim societies in
general and Algeria or North Africa so far in particular, where women are in the majority of cases,
housewives, which means that they exert little
effort compared to men (26). This also explains
their higher state of obesity compared to men.
Moreover, women who presented with diabetes
during pregnancy (gestational diabetes) are at
higher risk of T2DM (21). Beyond 65 yr, diabetes
affects further women (12, 27).
The findings of this study indicated that diabetic
subjects of both genders are significantly more
obese compared to control subjects. Regarding the
type of diabetes, subjects with T2DM are significantly more obese and overweight than subjects
with T1DM. These results are similar to those obtained (28) that the prevalence of overweight and
obesity in adults over 18 yr is 31.9% and 14.5%,
respectively. There are 3 times more T2DM in
overweight and 7 times higher in obese (28).
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About 25% increase in the prevalence of diabetes
in the USA is due to the increasing number of
obese (29). In fact, two-thirds of adults with
T2DM are overweight. In 80% of cases, diabetes
is related to overweight or obesity. Besides the
sedentariness and decreased physical activity,
obesity plays a major role through insulin resistance (7, 30).
The obesity is characterized by a chronic condition in which the adipose tissue cannot store so
normal triglycerides, which resulted in the deposition of these lipids in compartments other than
those conferred to this function, as visceral adipose tissue, muscles, liver, heart and pancreas (9,
30-32). Moreover, the visceral adipose tissue releases a large amount of free fatty acids, which
promotes hepatic triglyceride synthesis and
stimulates hepatic gluconeogenesis and therefore
the increase in blood glucose (33).
In addition, the present study revealed that glycaemia was significantly correlated with BMI in
both types of diabetes regardless of gender. Obesity and T2DM are closely related in human.
Both have a strong genetic component and are
associated with insulin resistance (33). Indeed,
the risk of diabetes increases linearly with BMI:
2% in overweight subjects, 21% obese. Comparable findings were reported the relationship between BMI and diabetes (34).
The importance of diabetes as a risk factor for a
number of diseases including hypertension and
microangiopathies has been reported by many
studies worldwide (35,36). In our study, diabetic
subjects have significantly more diseases including hypertension (HTN) and microangiopathies
than control subjects. Regarding hypertension, in
2006 (37) demonstrated a link between diabetes
and hypertension, where HTN is readily associated with a constellation of metabolic abnormalities
gathered under the term "syndrome X" that includes carbohydrate intolerance or non-insulin
dependent diabetes (T2DM), hyperinsulinemia,
hypertriglyceridemia and reduced HDL cholesterol. The same results were found by Bonnet &
Lavile (38). Hypertension is particularly more
frequent and severe in T2DM subjects (39).
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The Association HTN–T2DM is particularly
common in elderly patients, and is responsible
for an increase in cardiovascular risk and an acceleration of the degenerative disease of diabetes.
The population of diabetic hypertensive patients
is evidently exposed to cardiovascular complications (27, 37). Among the studied 309 patients
with T1DM, 120 had at least one microangiopathic complication (35). The care of all elderly
diabetics requires setting therapeutic objectives,
including glycaemia-based adapted to the patient
state. In young diabetics, glycemic lowering reduces the risk of micro– and macroangiopathic
complications (35).
Moreover, the studied biochemical parameters
were significantly higher in diabetic subjects; except for HDL cholesterol was significantly low
and strongly correlated with glucose. In fact, diabetes mellitus is defined as a metabolic disorder, of
various etiologies, characterized by the presence of
chronic hyperglycemia accompanied by metabolism disruption of carbohydrate, lipid and protein,
resulting from a defect in insulin secretion, its activity, or both causes (40).
Insulin exerts a different action on metabolism of
carbohydrate, lipid and protein. It stimulates the
use of glucose by the liver and its storage as glycogen, whereas adipose tissue increases the uptake and metabolism of glucose by adipocytes,
and in muscle, it activates glucose uptake by the
cell and glycogen synthesis (30,32,33,40).
Plasma lipids are purified by the action of lipoprotein lipase which tissue synthesis requires the presence of insulin. The latter stimulates lipogenesis
and inhibits lipolysis in adipose tissue and liver. In
addition, insulin decreases the rate of circulating
amino acid by increasing the cellular uptake of
amino acids; by increasing protein synthesis, the
latter is achieved by stimulation of the activation
of amino acids and mRNA ribosomal reading, but
also by decreasing the proteolysis (28). Therefore,
the absence of insulin (T1DM) or insulin resistance (T2DM) induces the following consequences:
–
Increases the rate of glucose in the blood,
main responsible for the observed hyperglycemia.
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–
Increases the lipoprotein (total cholesterol, LDL cholesterol, triglycerides) with a decrease
in HDL cholesterol in the blood, indicating a
dyslipidemia.
–
Increases the rate of proteins in the blood
(creatinine and uric acid), characteristic of renal
failure.

2.

3.

Conclusion
This study confirms the relationship between diabetes, particularly T2DM, and many complications
highlighted by several studies. Disturbances recorded in the results of biochemical tests are observations that should be noted but that need further
investigation to better illustrate their connections
with diabetes. Thus, conducting studies a larger
scale (national or regional) is required to better
identify the magnitude of the problem, particularly
in developing countries. Countries and national
organizations urgently need to invest more in the
diabetes control in particular T2DM. The current
survey is a first approach to know the link between
diabetes and some biochemical parameters. Further
of larger studies are surely needed to better understand diabetes and its associated pathologies.

Ethical considerations

4.
5.

6.

7.

8.

9.

Ethical issues (Including plagiarism, informed
consent, misconduct, data fabrication and/or falsification, double publication and/or submission,
redundancy, etc.) have been completely observed
by the authors.

10.

Acknowledgements

11.

This study was not funded by any sources.

Conflicts of interest
The authors declare no conflict of interest.

References
1. Oga ASS, Tebi A, Malan KA et al (2006). Le diabète sucré diagnostiqué en Côte d’ivoire:

Available at:

http://ijph.tums.ac.ir

12.
13.
14.

Des particularités épidémiologiques. Med Trop,
66(3): 241–246.
Zaoui S, Biémont C, Meguenni K (2007). Approche épidémiologique du diabète en milieux urbain et rural dans la région de Tlemcen (Ouest algérien). Cahiers d'études et de Recherches /Santé, 17: 15–21.
Yach D, Stuckler D, Brownell KD (2006). Epidemiologic and economic consequences of
the global epidemics of obesity and diabetes.
Nature Medicine, 12(1): 62–66.
Zimmet P, Alberti KG, Shaw J (2001). Global
and societal implications of the diabetes epidemic. Nature, 414(6865): 782–787.
Boulton JM, Vileikyte L, Ragnarson-Tennvall G,
Apelqvist J (2005). The global burden of diabetic foot disease. The Lancet, 366(9498):
1719–1724.
Drouin P, Blickle JF, Charbonnel B et al (1999).
Diagnostic et classification du diabète sucré:
Les nouveaux critères. Diabetes Metab, 25(1):
72–83.
Hossain P, Kawar B, Nahas M (2007). Obesity
and diabetes in the developing world—a
growing challenge. N Engl J Med, 356(3): 213–
215.
Radi L, Chadli A, El Ghomari H, Farouqi A
(2009). Les complications infectieuses révélant le diabète type 2. Diab & Meta, 35(S1):
A89.
Jeanrenaud C, Dreyer G (2012). Les coûts directs
médicaux du diabète. Une estimation pour le
canton de Vaud. Institut de recherches
économiques. University of Montréal.
Gning SB, Thiam M, Fall F et al (2007). Le diabète sucre en Afrique subsaharienne, Aspects
épidémiologiques, difficultés de prise en
charge. Medecine Tropicale, 67(6): 607–611.
Dali-Sahi M, Benmansour D, Aouar A, Karam
N (2012). Type 2 dans des populations endogames de l’ouest algérien. Lebanese Sci J, 13(2):
17–26.
Blickle JF, Attali JR, Barrou Z et al (1999). Le diabète du sujet âgé. Diab & Meta, 25(1): 12623636.
Halimi S (2007). Pourquoi «Médecine des maladies Métaboliques»(MmM). Med Mal Meta,
1(1): 9–10.
Lemieux I, Lamarche B, Couillard C et al (2001).
Total cholesterol/HDL cholesterol ratio vs
LDL cholesterol/HDL cholesterol ratio as

1126

Iran J Public Health, Vol. 47, No.8, Aug 2018, pp. 1119-1127

15.
16.

17.
18.

19.

20.

21.

22.
23.
24.

25.
26.

27.

1127

indices of ischemic heart disease risk in men:
The Quebec cardiovascular study. Arch Intern
Med, 161(22): 2685–2692.
Garrouste-Orgeas M, Troché G, Azoulay E et al
(2004). Body mass index. Inten Care Med,
30(3): 437–443.
R Core Team (2016). R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. http://www.R-project.org/.
Chang W (2013). R graphics cookbook. O'Reilly
Media, Sebastopol, CA, USA.
Buysschaert M, Joudi I, Wallemacq P, Hermans
MP (2003). Comparaison des performances
de la cystatine-C sérique et de la créatinine sérique chez des patients diabétiques. Diab &
Meta, 29: 377–383.
Chuengsamarn S, Rattanamongkolgul S,
Luechapudiporn R et al (2012). Curcumin extract for prevention of type 2 diabetes. Diabetes Care, 35(11): 2121–2127.
Shaw JE, Sicree RA, Zimmet PZ (2010). Global
estimates of the prevalence of diabetes for
2010 and 2030. Diabetes Res Clin Pract, 87(1):
4–14.
Beaglehole R, Lefèbvre P (2009). Agissons contre le diabète. Initiative de l'Organisation
mondiale de la santé et de la Fédération Internationale du Diabète, 1–3.
Grimaldi A (2000). Diabétologie. Questions
d’internat. University of Paris-VI.
Ouhdouch F, Errajraji A, Diouri A (2009). Le
profil lipidique chez les diabétiques de type 2.
Diab & Meta, 35: 1262-3636.
Cicolella A (2012). Évaluation du lien entre environnement chimique, obésité et diabète. Projet
ECOD.URL:http://reseauenvironnementsant
e.fr/wpcontent/uploads/2012/03/Rapport_E
COD_VF1.pdf
Belkhadir J, El Alaoui Z (1993). Approche
épidémiologique du diabète en milieu marocain. Méd du Magh, 37: 1–35.
Ferdi NEH, Abla Kh, Chenchouni H (2016). Effect of Socioeconomic Factors and Family
History on the Incidence of Diabetes in an
Adult Diabetic Population from Algeria. Iran J
Public Health, 45(12): 1636–1644.
Diyane K, El Ansari N, El Mghari G et al (2013).
Caractéristiques de l’association diabète type 2

28.
29.
30.
31.

32.

33.
34.

35.

36.
37.
38.
39.

40.

et hypertension artérielle chez le sujet âgé de
65 ans et plus. Pan Afr Med J, 14: 100.
Buysschaert M (2012). Diabétologie clinique. 4th
Edition. Paris: De Boeck.
Fumeron F (2005). De l'obésité au diabète de
type 2: épidémiologie et physiopathologie. Sci
Food, 25(5–6): 339–347.
Idelman S, Verdetti J (2008). Endocrinologie et
communications cellulaires. Collection Grenoble sciences.
Auberval N (2010). Prévention du stress oxydant
dans le diabète et ses complications par des
antioxydants d’origine naturelle. Doctoral dissertation, University of Strasbourg, France.
Kelley DE, McKolanis TM, Hegazi RA et al
(2003). Fatty liver in type 2 diabetes mellitus:
relation to regional adiposity, fatty acids, and
insulin resistance. Am J Physiol Endocrinol
Metab, 285(4): E906–E916.
Monnier L (2010). Diabétologie. Elsevier Health
Sciences.
Darmon P (2012). Un indice de masse corporelle normal à la découverte du diabète prédit un excès de mortalité à 15 ans. Le coin de la Biblio SFD, pp 1–
3.
Bauduceau B, Santosh R (2013). Dépistage des
complications microangiopathiques du diabète de type 2 par une mesure non invasive
de la fonction sudorale. Diab & Meta, 39:A30.
Bertal Filali K, Oulad Sayad N, Diouri A (2009).
Prise en charge de l’HTA chez le diabétique.
Diab & Meta, 35:A42.
Turton P (2006). Le syndrome métabolique. Association Canadienne de Réadaptation Cardiaque,
14(2): 1–4.
Bonnet F, Lavile M (2005). Le syndrome
métabolique: définition, épidémiologie, complications. Spect Biol, 145: 27–29.
Dupuy O, Chanudet X, Mayaudon H et al
(2003). L'automesure de la pression artérielle
chez le diabétique. Diab & Meta, 29(4): 440–
444.
WHO (1999). Definition, diagnosis and classification of diabetes mellitus and its complications: Report of a WHO Consultation. Part 1.
Diagnosis and classification of diabetes mellitus. World Health Organization, Geneva.

Available at:

http://ijph.tums.ac.ir

