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Abstract:	Diabetes	mellitus	is	one	of	the	world's	greatest	public	health	concerns	particularly	in	
developing	 countries.	 The	 aim	 of	 this	 study	 is	 to	 examine	 the	 association	 of	 risk	 factors	 with	
diabetes	and	prediabetes	in	the	adult	population	in	Algeria.	This	is	a	cross-sectional	descriptive	
study	of	adults	aged	between	18	and	69	years	listed	in	the	database	of	the	STEPwise	Algeria	Survey	
conducted	 in	 2016-2017,	 i.	 e.	 7450	 adults	 across	 the	 national	 territory.	 Using	 a	 multivariate	
logistic	 regression	 model,	 we	 assessed	 the	 role	 of	 different	 socio-demographic,	 economic,	
geographical	and	behavioural	factors	in	the	glycemic	status	of	adults.	The	prevalence	of	diabetes	
and	prediabetes	was	14.3%	and	8.2%	respectively.	The	main	factors	associated	with	a	significantly	
higher	risk	for	prediabetes	and	diabetes	were	advanced	age,	south-eastern	region,	general	obesity	
and	 hypertension.	 Other	 factors	 such	 as	 urban	 area	 of	 residence,	 marital	 status,	 low	 level	 of	
education,	abdominal	obesity,	high	cholesterol	and	heart	attacks	appear	to	be	associated	with	
diabetes	only.	These	factors	are	often	avoidable	through	preventive	interventions	based	on	early	
diagnosis,	screening	of	at-risk	subjects	and	therapeutic	education,	which	can	be	beneficial	for	the	
Algerian	population,	by	taking	into	consideration	the	socio-economic	and	cultural	particularities	
of	each	health	region	and	even	of	each	patient.	
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1. Introduction	
The	fight	against	non-communicable	diseases	and	their	risk	factors	is	one	of	the	major	

challenges	of	sustainable	development	 in	 the	21st	century.	They	have	become	an	enormous	
health	burden,	particularly	in	low-	and	middle-income	countries	(World	Health	Organization	
[WHO]	et	al.,	2014).	Most	Arab	countries,	including	Algeria,	are	confronting	a	growing	trend	of	
non-communicable	diseases	as	a	result	of	economic,	demographic	and	geographical	transitions.	
Premature	mortality	from	these	diseases	reaches	20%	in	33%	of	Arab	countries	(Maamri	and	
Ben	El	Mostafa,	2020).	

Among	the	main	chronic	diseases	is	diabetes	mellitus.	It	is	a	real	global	health	threat	
that	 does	 not	 depend	 on	 socio-economic	 status	 and	 knows	 no	 borders.	 The	main	 types	 of	
diabetes	are	type	1,	type	2	and	gestational	diabetes.	Type	2	diabetes	is	the	most	common	form	
of	diabetes	(about	90%	of	cases)	worldwide	(International	Diabetes	Federation,	2011).	

Currently,	 according	 to	 the	 International	 Diabetes	 Federation	 (IDF),	 there	 are	 an	
estimated	463	million	people	living	with	diabetes	worldwide	and	this	number	is	expected	to	
rise	to	578	million	in	2030	and	700	million	in	2045.	79.4%	of	them	live	in	low-	and	middle-
income	countries	according	to	estimates	(IDF,	2019).	

In	 the	Middle	East	 and	North	Africa	 region	 (MENA),	 54.8	million	 adults	 aged	20-79	
years	will	be	living	with	diabetes	in	2019,	representing	12.8%	of	the	regional	population	in	this	
age	 group.	 24.5	million	 of	 all	 persons	with	 diabetes	 are	 unaware	 that	 they	 are	 living	with	
diabetes	(undiagnosed	diabetes).	It	is	estimated	that	the	number	of	people	living	with	diabetes	
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in	the	region	will	increase	by	38.8%	by	2030	and	96.5%	by	2045	(IDF,	2019).	In	addition,	35.5	
million	adults	aged	between	20	and	79,	or	8.3%	of	the	regional	population	in	this	age	group,	are	
prediabetics.	The	term	"prediabetes"	is	often	used	to	refer	to	people	with	glucose	intolerance	
and/or	impaired	fasting	glucose.	This	indicates	a	risk	of	future	development	of	type	2	diabetes	
and	diabetes-related	complications	(Nathan	et	al.,	2007).	Approximately	418,900	deaths	in	this	
region	are	due	to	diabetes	and	its	complications	in	the	20-79	age	group	in	2019	(16.2%	of	all-
cause	mortality).	About	53.3%	of	all	 these	deaths	occurred	in	people	under	60	years	of	age.	
86.7%	of	all	diabetes-related	deaths	in	the	region	occurred	in	middle-income	countries	(	Meo	
et	al.,	2017;	IDF,	2019).	

Algeria	is	not	exempt	from	this	pandemic;	the	prevalence	of	this	disease	is	constantly	
increasing.	It	increased	from	2.1%	in	1992	(Bezzaoucha,	1992)	to	12.29%	in	2005	(National	
Health	Survey,	2005)		and	14%	in	2007	(Zaoui	et	al.,	2007).	Indeed,	the	demographic	transition,	
which	has	affected	Algeria	for	around	half	a	century,	has	led	to	a	decrease	in	infectious	diseases	
and	an	increase	in	the	incidence	of	chronic	diseases	such	as	diabetes.	It	should	be	noted	that	
the	phenomenon	of	"globalisation"	over	the	last	two	decades,	which	has	standardized	lifestyles	
on	a	model	favouring	obesity	and	sedentary	lifestyles,	as	well	as	longer	life	expectancy,	have	
contributed	to	the	proliferation	of	this	disease	(Belhadj,	2011).	

To	address	this	global	health	problem,	the	World	Health	Organization	(WHO)	and	the	
United	Nations	(UN)	have	set	global	targets	to	encourage	action	to	improve	care	and	strengthen	
health	systems.	These	measures	include	reducing	premature	deaths	from	non-communicable	
diseases	(NCDs),	including	diabetes,	by	30%	until	2030,	implementing	national	diabetes	plans	
and	achieving	universal	health	coverage	(WHO,	2018).	

Risk	 factors	 such	 as	 high	 blood	 pressure,	 poor	 diet,	 smoking,	 obesity	 and	 physical	
inactivity	are	known	to	contribute	to	the	growing	trend	of	diabetes.	On	the	other	hand,	diabetes	
education,	support	and	a	healthy	lifestyle,	combined	with	medication	where	appropriate,	can	
effectively	manage	 type	2	diabetes	 (Walker	et	al.,	2014).	However,	 several	 studies	highlight	
action	on	the	social	determinants	of	health	such	as	gender,	economic	status,	education	level,	
marital	status,	residence	environment...	which	can	reduce	the	burden	of	this	disease	(Gonzalez-
Zacarias	et	al.,	2016).	

Few	studies	have	focused	on	the	analysis	of	the	determinants	related	to	diabetes	and	
pre-diabetes	in	the	overall	population	in	Algeria.	Most	of	the	studies	already	carried	out	have	
been	 conducted	 at	 regional	 levels.	 Given	 that	 the	 Stepwises	 survey	 reports	 are	 limited	 to	
descriptive	tables	and	the	sociodemographic,	economic,	geographical	and	behavioural	factors	
associated	with	the	glycemic	status	of	adults	are	not	clearly	identified	;	the	initiative	was	taken	
to	 examine	 the	 association	 of	 these	 factors	 with	 this	 phenomenon	 in	 order	 to	 provide	
information	 that	 can	 help	 the	 authorities	 to	 design	 appropriate	 prevention	 and	 control	
measures,	and	understand	the	determinants	leading	to	an	increase	in	the	prevalence	of	diabetes	
in	disparate	regions	of	Algeria.	

	
2. Materials	and	methods	
2.1. 	Study	design	
This	is	a	cross-sectional	descriptive	study	of	adults	aged	between	18	and	69	years	listed	

in	 the	database	of	 the	STEPwise	Algeria	Survey	conducted	 in	2016-2017	by	 the	Ministry	of	
Health,	 Population	 and	 Hospital	 Reform	 -	 Directorate	 General	 for	 Prevention	 and	 Health	
Promotion,	 in	 collaboration	with	 the	National	 Institute	of	Public	Health	with	 the	 support	of	
WHO	HQ-Geneva	and	the	WHO-Algeria	representative	office.		

The	"STEPwise"	approach	is	a	standardised	tool	developed	and	recommended	by	the	
WHO	for	the	surveillance	of	risk	factors	for	Non-Communicable	Diseases	and	their	morbidity	
and	mortality	(Riley	et	al.,	2016).	

The	main	objective	of	the	STEPwise	Algeria	survey	was	to	estimate	the	frequency	of	
these	factors	on	a	representative	sample	of	7450	people,	aged	between	18	and	69	years,	drawn	
at	random,	within	households	across	the	national	territory	(48	wilayas),	taking	into	account	
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geographical	 differences	 (coastline,	 highlands	 and	 southern	 region).	 Information	 on	 socio-
demographic,	 behavioural	 and	 clinical	 characteristics	 was	 collected	 by	 using	 a	 three-step	
questionnaire.	The	first	stage	involves	the	collection	of	sociodemographic	data	and	behavioural	
information,	 the	second	stage	 involves	simple	physical	measurements	(weight,	height,	waist	
and	hip	circumference),	and	the	third	stage	is	for	biochemical	testing	(blood	glucose	testing)	
(Riley	et	al.,	2016;	Stepwise	Algeria	survey,	2016).	A	3	stage	cluster	sampling	design	was	used	
to	produce	 representative	data	 for	 this	age	group	 in	Algeria.	A	 sampling	method	where	 the	
target	population	is	divided	into	clusters/groups	and	a	subset	of	each	cluster	is	selected	instead	
of	the	entire	cluster.	The	sampling	modalities	are	described	in	detail	in	the	survey	report,	which	
is	available	on	the	official	WHO	website	(WHO,	2005;	Stepwise	Algeria	survey,	2016).		To	obtain	
the	survey	database,	the	authors	have	systematically	contacted	and	made	a	request	on	their	
official	website	(WHO	microdata	repository,	2016).	

Ethical	approval	for	this	study	was	obtained	from	the	committee	of	the	National	Council	
for	Health	 Sciences	Ethics	 -	Ministry	 of	Health,	 Population	 and	Hospital	Reform.	 	 A	written	
consent	was	obtained	from	each	participant	prior	to	enrollment	in	the	study.	The	aim	of	the	
survey,	their	rights	and	how	confidentiality	will	be	handled	was	explained	to	all	participants	as	
well	as	health	benefits	of	the	research	for	the	community.	

	
2.2. 	Definitions	of	variables	
The	subject	was	considered	a	person	with	diabetes	if	he	had	a	capillary	blood	glucose	

level	greater	than	or	equal	to	1.26g/l	(newly	diagnosed	diabetes),	or	if	he	declared	that	he	was	
diagnosed	by	health	personnel	as	such	(known	diabetes).	When	capillary	blood	glucose	levels	
were	between	1.10	and	1.25	g/l,	the	subject	is	considered	a	person	with	prediabetes	according	
to	WHO	international	standards	(IDF,	2019).	This	allowed	us	to	divide	the	adults	at	last	in	three	
groups	:	Normal,	prediabetes	and	diabetes.	

In	 order	 to	 better	 identify	 the	 factors	 associated	 with	 prediabetes	 and	 diabetes,	
sociodemographic	 variables	 were	 selected	 from	 the	 database	 such	 as	 sex,	 age,	 level	 of	
education,	 professional	 status,	 socio-economic	 level	 expressed	 as	monthly	 salary,	 residence	
environment	(rural	or	urban),	geographical	area.	Behavioural	variables	such	as	smoking,	eating	
behaviour,	physical	inactivity	and	clinical	variables	such	as	general	obesity,	abdominal	obesity,	
high	blood	pressure,	high	cholesterol	and	heart	attacks.	

The	48	wilayas	registered	were	divided	into	five	geographical	regions	according	to	the	
division	adopted	by	the	government	in	1995.	These	are	the	regions:	Centre,	East,	West,	South-
East	and	South-West	(Brahmia,	2010).	

A	 height/length	 measurement	 board	 and	 a	 portable	 scale	 were	 used	 to	 measure	
anthropometric	parameters	(weight	and	height)	for	each	participant	in	order	to	calculate	their	
body	mass	index	(BMI)	using	standardised	techniques	by	dividing	weight	in	kilograms	by	the	
square	of	height	in	metres.	A	BMI	below	18.5	was	considered	underweight,	18.5	to	24.9	normal	
weight,	25	to	29.9	overweight	and	over	29.9	was	considered	obese	(WHO,	2018).	Abdominal	
obesity	has	been	defined	by	the	WHO	as	a	waist	circumference	of	94	cm	or	more	in	men	and	80	
cm	or	more	in	women	(WHO,	2009).	

Physical	activity	behaviour	was	assessed	in	three	different	aspects:	work,	transport	and	
leisure.	 The	 activities	 are	 classified	 into	 two	 levels	 of	 intensity:	 vigorous	 and	 moderate.	
“Vigorous	Intensity	Activities”	are	activities	that	require	a	high	level	of	physical	effort	and	cause	
large	 increases	 in	 breathing	 or	 heart	 rate.	 “Moderate-intensity	 activities”	 are	 activities	 that	
require	moderate	physical	effort	and	cause	slight	increases	in	breathing	or	heart	rate.	On	this	
basis,	an	adult	person	should	perform	at	least	150	minutes	of	moderate	intensity	work	or	75	
minutes	of	vigorous	intensity	work	or	60	minutes	of	combined	vigorous	and	moderate	intensity	
work	 per	 week.	 If	 the	 reported	 physical	 activity	 did	 not	 meet	 the	 WHO	 recommendation,	
participants	were	classified	as	physically	inactive	(WHO,	2018).	
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Concerning	the	consumption	of	fruits	and	vegetables,	two	categories	have	been	created.	
One	category	was	created	for	those	who	reported	consuming	five	or	more	servings	of	fruits	and	
vegetables	on	a	typical	day,	and	the	other	for	those	who	reported	consuming	less.	

Blood	pressure	measurements	were	taken	three	times	on	the	right	arm	of	the	survey	
participants	 in	 a	 sitting	 position,	 using	 digital	 automatic	 blood	 pressure	 monitor	 with	 a	
universal	cuff.	The	mean	of	 three	measurements	was	 taken	 for	analysis.	The	measurements	
were	taken	after	the	participant	had	rested	for	15	minutes,	with	three	minutes	of	rest	between	
the	measurements.	Raised	blood	pressure	was	defined	as:	systolic	blood	pressure	(SBP)	≥	140	
mmHg	and/or	diastolic	blood	pressure	(DBP)	≥	90	mmHg	or	where	the	participant	is	currently	
on	antihypertensive	medication	(American	Diabetes	Association,	2014).	

Laboratory	 tests	were	performed	 for	 total	cholesterol	and	High-Density	Lipoprotein	
cholesterol	(HDL)	using	Cardiocheck	PA	blood	meter	and	using	a	capillary	drop	of	blood	from	
their	 fingers.	 Raised	 cholesterol	 was	 defined	 as	 having	 raised	 fasting	 TC	 ≥200	 mg/dl	 or	
currently	on	medication	for	raised	cholesterol	(Alberti	et	al.,	2006).	

For	 the	 subjective	measurement	of	heart	attacks,	 the	 following	question	was	asked:	
"Have	you	ever	had	a	heart	attack?".	On	this	basis,	a	dummy	variable	was	created,	which	takes	
the	 value	 "yes"	 if	 the	 respondent	 answers	 "	 affirmatively	 to	 the	 question	 and	 "no"	 for	 the	
opposite.	

For	 the	 socio-economic	 level,	 the	monthly	 income	 reported	 by	 the	 respondent	was	
used.	 The	 categories	 are	 based	 on	 the	 guaranteed	 national	 minimum	 wage	 (GNMW).	 This	
allowed	us	to	divide	individuals	into	four	groups	from	the	least	wealthy	to	the	wealthiest.	

	
2.3. 	Statistical	analysis	
The	statistical	analysis	was	performed	using	SPSS	version	25	statistical	software	(IBM	

Corp).	The	measurement	of	associations	between	individuals’	diabetic	status	and	its	potential	
predictors	 were	 evaluated	 using	 logistic	 regression	 tests.	 From	 the	 bivariable	 logistic	
regression	test	model,	only	those	variables	having	a	significant	association	with	the	dependent	
variable	were	 entered	 into	 the	 final	multivariable	 regression	model.	 The	magnitude	 of	 the	
association	was	expressed	as	odds	ratios	(OR)	with	its	95%	confidence	interval.	P	values	less	
than	 0.05	were	 considered	 statistically	 significant.	 Multicollinearity	 between	 variables	 was	
assessed	using	the	multicollinearity	diagram	(variance	inflation	factor	and	tolerance	test).	The	
final	multivariate	logistic	regression	model	was	found	to	be	consistent	with	the	results	of	the	
Hosmer-Lemeshow	fit	test.	

 
3. Results	
Among	the	7,450	subjects	aged	18	to	69,	6,989	were	surveyed,	i.e.	a	response	rate	of	

93.8%,	3,082	men	and	3,907	women,	i.e.	a	sex	ratio	of	0.78.	883	adults	were	excluded	from	the	
study	due	to	missed	fasting	blood	glucose	values.	Thus,	the	study	finally	included	6106	adults,	
2652	men	(43.4%)	and	3454	women	(56.6%).	The	age	group	(30-44)	represents	the	largest	
group	 in	 the	 sample	 with	 39.0%	 followed	 by	 the	 group	 (45-59)	 estimated	 at	 28.0%,	 the	
youngest	 group	 (18-29)	 with	 21.0%	 and	 finally	 the	 oldest	 group	 with	 11.9%.	 Table	 1	
summarises	the	socio-demographic,	behavioural	and	clinical	characteristics	of	the	participants.	
	
Table	1.	Socio-demographic,	geographical	and	behavioural	characteristics	of	the	

study	participants	
Variables	 Subjects	

N	 %	
Sex	
male	 2652	 43.4	
Female	 3454	 56.6	
Age	
18-29	 1283	 21.0	
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30-44	 2384	 39.0	
45-59	 1712	 28.0	
60-69	 727	 11.9	
Residence	
Urban	 4085	 66.9	
Rural	 2021	 33.1	
Geographical	region	
north-centre	 2135	 34.9	
north-west	 1405	 23.0	
north-east	 1962	 32.1	
South-west	 202	 3.3	
south-east	 401	 6.7	
Marital	statut	
Single	 1456	 23.8	
Married	 4245	 69.5	
separated	 174	 2.9	
Widowed	 221	 3.7	
Education	level	
Illiterate	 968	 15.8	
Elementary	 1040	 17.0	
Middle	 1437	 23.6	
Secondary	 1405	 23.2	
university	 1240	 20.3	
Professionnel	statut	
unemployed	 1486	 24.3	
Government	employee	 1046	 17.1	
Non-government	employee	 642	 10.5	
Self-employed	 698	 11.5	
Home	maker	 1785	 29.2	
Retired	 449	 7.3	
Salary	category	 	 	
GNMW	and	less	 1093	 28.6	
+	1	to	2	times	GNMW	 1496	 39.2	
+	2	times	to	4	times	GNMW	 888	 23.3	
+	4	fois	GNMW	 340	 8.9	
	
Table	1.	Socio-demographic,	geographical	and	behavioural	characteristics	of	the	
study	participants	(continued)		

Variables	 Subjects	
N	 %	

BMI	
normal	 1755	 29.7	
underweight	 133	 2.2	
overweight	 2542	 43.0	
obesity	 1485	 25.1	
Abdominal	obesity	
Yes	 4049	 68.5	
No	 1860	 31.5	
Blood	pressure	
Yes	 1989	 32.8	
No	 4058	 67.1	
Hypercholesterolemia	
Yes	 1568	 25.8	
No	 4508	 74.1	
Heart	attack	
Yes	 385	 6.3	
No	 5709	 93.5	



Revista	Universitara	de	Sociologie	–	Year	XVIII,	Issue	3/2022	

 15 

Tobacco	consumption	
Current	smoker	 703	 11.5	
Ex-smoker	 688	 11.3	
Non-smoking	 4715	 77.2	
Consumption	of	fruits	and	vegetables	
Less	than	5	potions	 5054	 84.9	
5	potions	and	more	 901	 15.1	
Physical	activity	
-	150	min/week	 1585	 26.0	
150	and	more	min/week	 4521	 74.0	
BMI:	Body	Mass	Index;	GNMW:	guaranteed	national	minimum	wage;	min:	minute.	
	

The	prevalence	of	diabetes	mellitus	in	the	study	was	estimated	as	14.3%,	of	which	4.4%	
were	newly	diagnosed	(30.53%	of	all	diabetes)	and	9.9%	were	previously	diagnosed	by	health	
personnel	 (self-reported).The	 prevalence	 of	 prediabetes	 was	 estimated	 at	 8.2%,	 while	 the	
prevalence	of	normoglycaemics	was	77.6%.	Details	concerning	the	classification	of	the	sample	
according	to	glycemic	status	are	summarised	in	figure	1	(see	Figure	1).	Figure	1.	Flow	chart	
of	blood	glucose	status.	

The	 results	 of	 the	multivariate	 logistic	 regression	 for	 prediabetes	 are	 presented	 in	
Table	2.	After	adjustment,	 the	results	show	that	 the	 factors	associated	with	prediabetes	are	
mainly	 age,	 geographical	 region,	 weight	 status,	 hypertension	 and	 hypercholesterolemia.	
Indeed,	the	risk	of	having	prediabetes	increases	two	and	a	half	times	in	the	(45-59)	age	group	
(AOR=2.53;	 CI	 [1.66-4.00];	 P<0.001),	 and	 more	 than	 four	 times	 in	 the	 (60-69)	 age	 group	
(AOR=4.14;	CI	[2.45-6.91];	P<0.001)	compared	to	the	younger	age	group	(18-29).	Adults	living	
in	the	geographic	region	of	the	South-East	have	a	risk	of	prediabetes	estimated	to	be	nearly	five	
times	 higher	 than	 those	 in	 the	 North-Central	 region	 (AOR=4.80;	 CI	 [3.27-7.05];	 P<0.001),	
whereas	 the	North-East	 region	 appears	 to	 have	 less	 risk	 compared	 to	 the	 reference	 region	
(AOR=0.68;	CI	[0.50-0.92];	P<0.05).Obese	people	have	a	1.38	higher	risk	of	having	prediabetes	
than	normal	people	(AOR=1.38;	CI	[1.03-1.80];	P<0.05).	On	the	other	hand,	hypertension	and	
hypercholesterolemia	in	participants	also	appeared	to	increase	the	risk	of	prediabetes	by	1.65	
(CI	[1.25-2.18];	P<0.001)	and	1.45(	CI	[1.08-1.95];	P<0.05)	respectively.	
	
Table	2.	Multiple	logistic	regression	analysis	of	studied	risk	factors	for	prediabetes	

versus	non-diabetes	

Variable	
Normal	 Pre-diabetes	

COR	(95	CI)	 AOR	(95	CI)	 P-Value	
N	 %	 N	 %	

Sex	
male	 2087	 90.46	 220	 9.54	 1	 	 	
Female	 2649	 90.47	 279	 9.53	 1.01	(0.84,1.23)	 	 NS	
Age	
18-29	 1146	 93.63	 78	 6.37	 1	 1	 	
30-44	 2016	 91.89	 178	 8.11	 1.23	(0.91,1.60)	 1.46	(0.97,1.85)	 NS	
45-59	 1176	 88.42	 154	 11.58	 1.81	(1.38,2.45)	 2.53	(1.66,4.00)	 <0.001	
60-69	 390	 81.42	 89	 18.58	 2.92(2.08,4.04)	 4.14	(2.45,6.91)	 <0.001	
Residence	
Urban	 3076	 90.10	 338	 9.90	 1	 	 	
Rural	 1660	 91.16	 161	 8.84	 0.85	(0.68,1.01)	 	 NS	
Geographical	region	
north-centre	 1674	 92.03	 145	 7.97	 1	 1	 	
north-west	 1043	 89.45	 123	 10.55	 1.37(1.03,1.67)	 1.28(0.97,1.58)	 NS	
north-east	 1582	 93.61	 108	 6.39	 0.79(0.62,1.01)	 0.68(0.50,0.92)	 <0.05	
South-west	 168	 93.85	 11	 6.15	 0.63(0.27,1.07)	 0.53(0.21,1.35)	 NS	
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south-east	 259	 70.19	 110	 29.81	 4.87(3.91,6.62)	 4.80(3.27,7.05)	 <0.001	
Marital	statut	
Single	 1272	 92.64	 101	 7.36	 1	 1	 	
Married	 3225	 90.18	 351	 9.82	 1.42(1.12,1.83)	 0.78(0.53,1.05)	 NS	
separated	 110	 84.62	 20	 15.38	 2.05(1.15,3.50)	 0.89(0.42,1.98)	 NS	
Widowed	 123	 85.42	 21	 14.58	 1.78(1.03,3.07)	 0.65(0.34,1.26)	 NS	
Education	level	
Illiterate	 682	 90.45	 72	 9.55	 1.04	(0.75,1.39)	 	 NS	
Elementary	 751	 88.56	 97	 11.44	 1.26	(0.98,1.73)	 	 NS	
Middle	 1136	 91.91	 100	 8.09	 0.90	(0.69,1.17)	 	 NS	
Secondary	 1114	 90.20	 121	 9.80	 1.12	(0.87,1.45)	 	 NS	
University	 1037	 90.96	 103	 9.04	 1	 	 	
Professionnel	statut	
unemployed	 1204	 91.98	 105	 8.02	 1	 1	 	
Government	
employee	 834	 90.55	 87	 9.45	 1.18	(0.85,1.66)	 1.15(0.81,1.63)	 NS	

Non-
government	
employee	

545	 94.29	 33	 5.71	 0.62	(0.43,0.98)	 0.69	(0.42,1.14)	 NS	

Self-employed	 563	 90.66	 58	 9.34	 1.15	(0.81,1.62)	 1.10(0.72,1.68)	 NS	
Home	maker	 1306	 89.03	 161	 10.97	 1.40	(1.07,1.81)	 1.52(0.94,2.40)	 NS	
Retired	 269	 83.54	 53	 16.46	 2.17	(1.51,3.12)	 1.19(0.76,1.88)	 NS	
BMI:	Body	Mass	Index;	GNMW:	guaranteed	national	minimum	wage;	CI:	Confidence	Interval;	COR:	crude	odds	
ratio;	AOR:	Adjusted	odds	ratio;	P-Value:	signification;	NS:	not	significant.	
	
Table	2.	Multiple	logistic	regression	analysis	of	studied	risk	factors	for	prediabetes	

versus	non-diabetes	(continued)	

Variable	
Normal	 Pre-diabetes	

COR	(95	CI)	 AOR	(95	CI)	 P-Value	
N	 %	 N	 %	

Salary	category	(GNMW)	
GNMW	and	
less	 859	 90.52	 90	 9.48	 1	 	 	

+	1	to	2	times		 1163	 91.07	 114	 8.93	 0.98	(0.70,1.36)	 	 NS	
+	2	to	4	times		 676	 90.13	 74	 9.87	 1.20	(0.83,1.67)	 	 NS	
+	4	times		 257	 90.18	 28	 9.82	 0.99	(0.60,1.63)	 	 NS	
BMI	
normal	 1753	 91.88	 155	 8.12	 1	 1	 	
underweight	 173	 92.51	 14	 7.49	 0.77	(0.38,1.55)	 0.96	(0.37,2.50)	 NS	
overweight	 1587	 90.27	 171	 9.73	 1.30	(1.02,1.64)	 1.17(0.88,1.55)	 NS	
obesity	 1163	 89.74	 133	 10.26	 1.52	(1.17,1.98)	 1.38(1.03,1.80)	 <0.05	
Abdominal	obesity	
Yes	 3010	 90.20	 327	 9.80	 1.21(0.96,1.49)	 	 	
No	 1570	 91.76	 141	 8.24	 1	 	 	
Tobacco	consumption	
Current	
smoker	 580	 93.10	 43	 6.90	 0.75	(0.50,0.98)	 	 NS	

Ex-smoker	 481	 87.77	 67	 12.23	 1.33(1.00,1.76)	 	 	
Non-smoking	 3682	 90.73	 376	 9.27	 1	 	 	
Blood	pressure	
Yes	 1260	 87.1	 187	 12.90	 1.82(1.49,2.21)	 1.65(1.25,2.18)	 <0.001	
No	 3446	 92.50	 281	 7.50	 1	 1	 	
Chotesterolemia	
Yes	 1059	 88.90	 132	 11.11	 1.33	(1.08,1.65)	 1.45(1.08,1.95)	 <0.05	
No	 3684	 91.50	 344	 8.50	 1	 1	 	
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Heart	attack	
Yes	 251	 89.01	 31	 10.99	 0.78	(0.47,1.26)	 	 	
No	 4495	 90.90	 450	 9.10	 1	 	 	
Consumption	of	fruits	and	vegetables	
Less	than	5	
potions	 3927	 90.80	 398	 9.20	 1.16	(0.87,1.55)	 	 	

5	potions	and	
more	 701	 91.28	 67	 8.72	 1	 	 	

Physical	activity	
-	150	
min/week	 1179	 90.14	 129	 9.86	 1.12	(0.92,1.36)	 	 	

150	and	more	
min/week	 3568	 91.14	 347	 8.86	 1	 	 	

BMI:	Body	Mass	Index;	GNMW:	guaranteed	national	minimum	wage;	CI:	Confidence	Interval;	COR:	crude	odds	
ratio;	AOR:	Adjusted	odds	ratio;	P-Value:	signification;	NS:	not	significant.	
	

The	 factors	 associated	with	 diabetes	mellitus	 according	 to	 the	multivariate	 logistic	
regression	results	presented	in	Table	3	are	age,	area	of	residence,	geographical	region,	marital	
status,	 education	 level,	 weight	 status,	 abdominal	 obesity,	 smoking,	 hypertension,	
hypercholesterolaemia	 and	 heart	 attacks.	 The	 analysis	 revealed	 that	 the	 risk	 of	 developing	
diabetes	in	adults	increased	by	1.56	times	in	the	(30-44)	age	group	(AOR=1.56;	CI	[1.11-2.	13];	
P<0.05),	almost	five	times	in	the	(45-59)	age	group	(AOR=4.82;	CI	[3.45-6.29];	P<0.001),	and	
8.53	times	in	the	(60-69)	age	group	(AOR=8.53;	CI	[5.92-12.24];	P<0.001)	compared	to	the	(18-
29)	age	group.	People	living	in	rural	areas	are	less	likely	to	have	diabetes	compared	to	those	
living	in	urban	areas	with	(AOR=0.62;	[0.52-0.74];	P<0.001).Similar	to	prediabetes,	the	risk	of	
diabetes	appears	to	be	increased	in	the	South-East	region	by	2.81	times	compared	to	the	North-
Central	 region	 (AOR=2.81;	 CI	 [2.12-3.74];	 P<0.001).The	 risks	 of	 having	 diabetes	 among	
married,	separated	and	widowed	people	are	respectively	1.63	(CI	[1.23-2.16];	P<0.01),	2.72	(CI	
[1.71-4.31];	 P<0.001)	 and	 2.13	 (CI	 [1.42-3.22];	 P<0.001)	 higher	 than	 that	 of	 single	 people.	
Regarding	the	level	of	education,	those	with	middle	and	secondary	level	seem	to	have	a	higher	
risk	 of	 diabetes	 than	 those	 with	 university	 education	 (AOR=1.43;	 CI	 [1.08-1.88];	 P<0.05);	
(AOR=1.41;	 CI	 [1.07-1.85];	 P<0.05).	 The	 results	 also	 showed	 that	 general	 obesity	 and	
abdominal	obesity	can	increase	the	risk	of	developing	diabetes	by	1.73	(CI	[1.19-3.39];	P<0.05)	
and	 1.51	 (CI	 [1.05-2.18];	 P<0.05)	 times	 respectively.	 Adults	 with	 co-morbidity	 such	 as	
hypertension	had	a	3.34	times	greater	risk	of	having	diabetes	(CI	[2.69-4.14];	P<0.001),	those	
with	hypercholesterolemia	had	a	2.1	times	greater	risk	(CI	[1.66-2.64];	P<0.01),	and	those	who	
reported	 having	 had	 a	 heart	 attack	 had	 a	 1.5	 (CI	 [1.06-2.10];	 P<0.05)	 times	 greater	 risk	 of	
having	diabetes	than	their	peers.	Concerning	smoking,	it	appears	that	ex-smokers	have	a	two	
times	 greater	 risk	 than	 non-smokers	 of	 developing	 diabetes	 (AOR=2.02;	 CI	 [1.56-2.60];	
P<0.001).Thus,	 none	 of	 the	 factors	 such	 as	 gender,	 employment	 status,	 salary,	 fruit	 and	
vegetable	consumption	and	physical	activity	seem	to	influence	the	risk	of	developing	diabetes.	
	
Table	3.	Multiple	logistic	regression	analysis	of	studied	risk	factors	for	diabetes	versus	

non-diabetes	

Variable	 Normal	 Diabetes	 COR	(95	CI)	 AOR	(95	CI)	 P-Value	N	 %	 N	 %	
Sex	
Male	 2087	 85.81	 345	 14.19	 1	 1	 	
Female	 2649	 83.43	 526	 16.57	 1.20	(1.04,1.39)	 1.05	(0.82,1.35)	 NS	
Age	
18-29	 1146	 95.10	 59	 4.90	 1	 1	 	
30-44	 2016	 91.39	 190	 8.61	 1.82	(1.34,2.45)	 1.56	(1.11,2.13)	 <0.05	
45-59	 1176	 75.87	 374	 24.13	 6.28	(4.76,8.36)	 4.82	(3.45,6.29)	 <0.001	
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60-69	 390	 61.13	 248	 38.87	 12.20(9.00,16.56)	 8.53	(5.92,12.2)	 <0.001	
Residence	
Urban	 3076	 82.09	 671	 17.91	 1	 1	 	
Rural	 1660	 89.25	 200	 10.75	 0.55(0.46,0.65)	 0.62	(0.5,0.74)	 <0.001	
Geographical	region	
north-centre	 1674	 85.06	 294	 14.94	 1	 1	 	
north-west	 1043	 83.44	 207	 16.56	 1.13(0.93,1.37)	 1.22(0.99,1.50)	 NS	
north-east	 1582	 86.31	 251	 13.69	 0.96(0.80,1.09)	 0.97(0.80,1.18)	 NS	
South-west	 168	 88.42	 22	 11.58	 0.73(0.42,1.18)	 1.08(0.62,1.62)	 NS	
south-east	 259	 70.38	 109	 29.62	 2.38(1.84,3.07)	 2.81(2.12,3.74)	 <0.001	
Marital	statut	
Single	 1272	 94.01	 81	 5.99	 1	 1	 	
Married	 3225	 82.67	 676	 17.33	 3.30(2.67,4.23)	 1.63(1.23,2.16)	 <0.01	
separated	 110	 70.51	 46	 29.49	 6.41(4.26,9.66)	 2.72(1.71,4.31)	 <0.001	
Widowed	 123	 60.89	 79	 39.11	 9.80(6.87,13.98)	 2.13(1.42,3.22)	 <0.001	
Education	level	
Illiterate	 682	 76.29	 212	 23.71	 2.97	(2.32,3.80)	 1.43(1.08,1.88)	 <0.05	
Elementary	 751	 80.58	 181	 19.42	 2.31(1.80,2.97)	 1.41(1.07,1.85)	 <0.05	
Middle	 1136	 85.22	 197	 14.78	 1.65(1.25,2.05)	 1.14	(0.83,1.5)	 NS	
Secondary	 1114	 85.96	 182	 14.04	 1.55(1.20,2.00)	 1.18(0.88,1.59)	 NS	
university	 1037	 90.49	 109	 9.51	 1	 1	 	
Professionnel	statut	
unemployed	 1204	 88.59	 155	 11.41	 1	 1	 	
Government	
employee	 834	 86.42	 131	 13.58	 1.16(0.90,1.49)	 0.97(0.71,1.32)	 NS	

Non-
government	
employee	

545	 90.98	 54	 9.02	 0.83	(0.60,1.16)	 0.76	(0.52,1.1)	 NS	

Self-
employed	 563	 87.69	 79	 12.31	 1.13(0.85,1.50)	 0.87(0.62,1.24)	 NS	

Home	maker	 1306	 79.54	 336	 20.46	 2.11(1.72,2.60)	 1.22(0.97,1.55)	 NS	
Retired	 269	 67.93	 127	 32.07	 3.55(2.72,4.63)	 1.12(0.80,1.58)	 NS	

BMI:	Body	Mass	Index;	GNMW:	guaranteed	national	minimum	wage;	CI:	Confidence	Interval;	COR:	crude	odds	
ratio;	AOR:	Adjusted	odds	ratio;	P-Value:	signification;	NS:	not	significant.	
	
	
Table	3.	Multiple	logistic	regression	analysis	of	studied	risk	factors	for	diabetes	versus	

non-diabetes	(continued)	

Variable	 Normal	 Diabetes	 COR	(95	CI)	 AOR	(95	CI)	 P-Value	N	 %	 N	 %	
Salary	category	(GNMW)	
GNMW	and	
less	 859	 86.07	 139	 13.93	 1	 	 	

+	1	to	2	times		 1163	 85.45	 198	 14.55	 1.069(0.85,1.35)	 	 	
+	2	to	4	times		 676	 84.39	 125	 15.61	 1.126(0.87,1.46)	 	 	
+	4	times	
GNMW	 257	 83.17	 52	 16.83	 1.229(0.87,1.73)	 	 	

BMI	
normal	 1753	 91.49	 215	 8.51	 1	 1	 	
underweight	 173	 96.11	 11	 3.89	 0.55	(0.26,1.19)	 1.88(0.59,6.38)	 NS	
overweight	 1587	 80.85	 329	 19.15	 1.75	(1.44,2.13)	 1.42(0.98,2.06)	 NS	
obesity	 1163	 79.55	 307	 20.45	 2.53	(2.06,3.11)	 1.73(1.19,3.39)	 <0.05	
Abdominal	obesity	
Yes	 3010	 81.15	 699	 18.85	 2.30	(1.91,2.75)	 1.51	(1.1,2.18)	 <0.05	
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No	 1570	 90.75	 160	 9.25	 1	 1	 	
Tobacco	consumption	
Current	
smoker	 580	 91.19	 56	 8.81	 0.54	(0.39,0.75)	 1.21	(0.87,1.7)	 NS	

Ex-smoker	 481	 76.23	 150	 23.77	 1.60	(1.30,1.95)	 2.02	(1.56,2.6)	 <0.001	
Non-smoking	 3682	 84.47	 677	 15.53	 1	 1	 	
Blood	pressure	
Yes	 1260	 69.90	 542	 30.10	 4.48	(3.85,5.20)	 3.34(2.69,4.14)	 <0.001	
No	 3446	 91.20	 331	 8.80	 1	 1	 	
Chotesterolemia	
Yes	 1059	 73.7	 377	 26.30	 2.73	(2.34,3.17)	 2.09(1.66,2.64)	 <0.001	
No	 3684	 88.50	 480	 11.50	 1	 1	 	
Heart	attack	
Yes	 251	 70.70	 104	 29.30	 2.36	(1.86,2.99)	 1.49(1.06,2.10)	 <0.05	
No	 4495	 85.47	 764	 14.53	 1	 1	 	
Consumption	of	fruits	and	vegetables	
Less	than	5	
potions	 3927	 84.34	 729	 15.66	 0.93	(0.76,1.14)	 	 	

5	potions	and	
more	 701	 84.36	 130	 15.64	 1	 	 	

Physical	activity	
-	150	
min/week	 1179	 80.98	 277	 19.02	 1.42	(1.22,1.66)	 1.09(0.85,1.39)	 NS	

150	and	more	
min/week	 3568	 85.48	 606	 14.52	 1	 1	 	

BMI:	Body	Mass	Index;	GNMW:	guaranteed	national	minimum	wage;	CI:	Confidence	Interval;	COR:	crude	odds	
ratio;	AOR:	Adjusted	odds	ratio;	P-Value:	signification;	NS:	not	significant.	
	

4. Discussion	
This	study	was	conducted	on	a	representative	sample	of	6106	adults	using	data	from	

the	 national	 Stepwise	 survey	 2016-2017.	 It	 allowed	 describing	 the	 socio-demographic	
determinants	associated	with	the	prevalence	of	diabetes	and	prediabetes	in	Algeria.	The	results	
indicated	that	14.3	of	the	population	had	diabetes	of	which	4.4	were	newly	diagnosed	(30.53	of	
all	diabetes).	This	proportion	is	higher	than	in	some	previous	studies.	In	1992,	a	survey	carried	
out	in	Algiers	on	9384	inhabitants	found	a	prevalence	of	known	diabetes	of	2.1	(Bezzaoucha,	
1992).	In	2003,	the	Stepwise	survey	conducted	on	4050	people	in	two	geographical	areas,	the	
East	(Setif)	and	the	West	(Mostaganem)	found	an	overall	prevalence	of	8.9	(Stepwise	Algeria	
survey,	2003).	In	2006,	a	survey	conducted	on	a	sample	of	7656	individuals	in	Tlemcen	found	
a	prevalence	of	type	2	diabetes	equal	to	10.5	(Zaoui	et	al.,	2007).	On	the	other	hand,	7.04	and	
7.2	are	respectively	the	rates	of	diabetes	found	by	the	international	diabetes	federation	in	2011	
and	2019	(IDF,	2019;	IDF,	2011).	The	prevalence	of	diabetes	found	in	results	is	also	higher	than	
the	world	prevalence	which	is	about	9.3,	the	African	region	(3.9)	and	the	MENA	region	(12.8)	
(IDF,	2019).	It	is	also	higher	than	the	rate	found	in	Morocco	(12.4)	(Chetoui	et	al.,	2018),	Kuwait	
(13.42)	(Nikoloski,	2020),	Indonesia	(13.0)	(Idris	et	al.,	2013)	and	comparable	to	Iran's	rate	
which	 is	14.1	(Mirzaei	et	al.,	2020).	However,	 it	remains	 lower	than	 found	 in	Tunisia	(15.1)	
(Maoui	et	al.,	2019),	Egypt	(24.9)	(Assad-khalil	et	al.,	2018),	Sudan	(22.1)	(IDF,	2019),	Libya	
(18.8)	(Meo	et	al.,	2017)	and	China	(15.5)	(Liu	et	al.,	2020).	

About	 5-10	 of	 people	 with	 prediabetes	 develop	 diabetes	 each	 year,	 although	 the	
conversion	 rate	 varies	 depending	 on	 population	 characteristics	 and	 the	 definition	 of	
prediabetes	(Nathan	et	al.,	2007).	The	results	showed	an	estimated	prevalence	of	prediabetes	
of	8.2.	This	prevalence	is	higher	than	the	world	prevalence	reported	by	IDF	which	is	7.5,	and	
comparable	to	that	of	the	MENA	region	which	is	8.3	(IDF,	2019).	Meanwhile,	it	is	lower	than	
that	of	Africa	(9.0)	(IDF,	2019),	Blida	(Central	Algeria)	(10.6)	(Bachir-cherif	et	al.,	2018),	Oran	
(11.6)	(Houti	et	al.,	2016),	Egypt	(13.1)	(WHO,	2018)	and	Iran	(20.7)	(Mirzaei	et	al.,	2016).	
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30.53	 of	 adults	 living	 with	 diabetes	 in	 the	 study	 did	 not	 know	 they	 had	 diabetes.	
Although	this	prevalence	remains	lower	than	the	global	prevalence	which	is	reported	by	the	
IDF	at	50.1,	that	of	Africa	(59.7)	and	the	MENA	region	which	is	estimated	at	44.7	(IDF,	2019),	
This	figure	is	still	alarming.	If	these	adults	were	not	included	in	this	survey,	it	means	that	these	
cases	of	diabetes	may	run	a	higher	risk	of	complications,	which	would	be	too	late	to	reverse,	
causing	more	 frequent	use	of	 care	and	higher	 costs.	Therefore,	 early	 and	 rapid	detection	 is	
essential	for	better	detection	of	diabetes.	

Nevertheless,	 all	 these	 comparisons	 should	 be	 interpreted	 with	 caution,	 given	 the	
variance	 in	 design,	 sampling,	 target	 population	 (general	 or	 hospital,	 etc.),	 inclusion	 age,	
definition	of	diabetes	and	undiagnosed	cases,	which	makes	direct	comparisons	more	difficult.	

The	results	showed	that	the	prevalence	of	diabetes	and	prediabetes	found	in	this	survey	
are	associated	with	several	 factors.	The	difference	of	this	prevalence	in	both	sexes	has	been	
investigated	in	several	studies.	Some	have	found	that	the	rate	of	prediabetes	and	diabetes	is	
higher	 in	women	 (Chentli	 et	 al.,	 2014;	 Idris	 et	 al.,2017;	Maoui	 et	 al.,	 2019)	 explaining	 this	
difference	by	the	hormonal	profile	of	women	which	is	considered	as	a	factor	leading	to	obesity.	
While	others	have	found	that	this	rate	is	in	favour	of	men	(Belkacem	and	Semrouni,	2018;	Eltom	
et	al.,	2018).	Navarro	and	al	explained	in	their	study	in	2015	that	testosterone	deficiency	leads	
to	metabolic	dysfunction	and	predisposes	to	diabetes	in	older	men	(Navarro	et	al.,	2015).	In	the	
results,	although	the	proportion	of	diabetes	in	women	is	relatively	higher	than	men,	multiple	
regression	 showed	 that	 the	 prevalence	 of	 the	 two	 glycaemic	 states	 are	 comparable	 in	 both	
sexes.	These	results	are	in	line	with	several	studies	(Belmokhtar	et	al.,	2011;	Liu	et	al.,	2020;).		

The	 prevalence	 of	 prediabetes	 and	 diabetes	 increases	 significantly	 with	 age.	 These	
results	are	consistent	with	reports	from	studies	in	Algeria	(Houti	et	al.,	2016;	Bachir-Cherif	et	
al.,	2018),	North	Africa	(Chetoui	et	al.,	2018;	Maoui	et	al.,	2019)	and	worldwide	(Eltom	et	al.,	
2018;	Endris	et	al.,	2019;	Mirzari	et	al.,	2020).	Indeed,	we	note	an	ageing	of	the	population	in	
Algeria	and	everywhere	in	the	world	expressed	by	an	increase	in	life	expectancy	which	explains	
the	high	proportion	of	diabetes	on	one	hand.	On	the	other	hand,	some	authors	argue	that	in	
elderly	people	 there	 is	 a	 decrease	 in	 insulin	 secretion	 and	 an	 increase	 in	 insulin	 resistance	
(Rcette	et	al.,	2006;	Endris	et	al.,	2019;).	

The	 high	 risk	 of	 diabetes	 prevalence	 in	 urban	 areas	 observed	 in	 the	 results	 is	 in	
agreement	with	the	results	of	many	studies	(Animaw	and	Seyoum,	2017;	Chetoui	et	al.,	2018;	
Maoui	et	al.,	2019).	Most	consider	that	 this	 is	probably	due	to	 the	 living	conditions	 in	 these	
areas,	where	access	to	fast	food,	ready-made	and	frozen	food	rich	in	fat	and	energy	is	easier,	
not	 forgetting	 the	 availability	 of	 transport	 creating	 a	 sedentary	 environment.	 In	 contrast	 to	
rural	 areas,	 where	 people	 often	 have	 higher	 levels	 of	 physical	 activity	 due	 to	 the	 intense	
agricultural	activities	that	are	usually	their	main	occupation.		

The	direct	reasons	of	the	positive	association	between	prediabetes	and	diabetes	with	
the	 South	 East	 region	 are	 unknown,	 but	 it	 is	 thought	 that	 it	 is	 probably	 due	 to	 the	 living	
conditions	 in	 this	 environment,	 such	 as	poor	potable	water	 supply,	 accessibility	 of	 sanitary	
structures,	lack	of	specialized	medical	coverage	as	well	as	the	lack	of	various	facilities	found	in	
the	northern	regions.	 In	addition,	variations	in	the	level	of	urbanization	and	socio-economic	
status	of	specific	sub-populations	as	well	as	differences	in	lifestyle	and	eating	habits	between	
the	southern	and	northern	regions	of	Algeria	could	be	responsible	for	this	difference.	But	as	it	
is	only	speculation,	it	may	be	an	incentive	for	further	research	(Maoui	et	al.,	2019).		

The	 association	 between	 diabetes	 and	 married,	 separated	 and	 widowed	 status	
observed	in	the	results	is	found	in	several	studies	(Belmokhtar	et	al.,	2011;	Assad-Khalil	et	al.,	
2018).	These	studies	argue	that	the	socio-economic	level	decreases	when	the	family	grows.	At	
the	same	time,	several	other	studies	highlight	the	protective	effect	of	marriage	compared	to	the	
situation	of	single	or	separated	people	(Idris	et	al.,	2017;	Yaghoubi	et	al.,	2020).		

Being	married	can	provide	diabetic	patients	with	social	support	that	can	help	reduce	
the	stress	due	to	affection	between	couples.	Contrary	to	separated	or	single	people	who	are	
prone	to	negative	effects	and	depression	due	to	their	experiences	(Yaghoubi	et	al.,	2020).		
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The	effect	of	education	level	on	the	prevalence	of	diabetes	is	highly	controversial.	It	is	
true	that	educational	level	is	one	of	several	factors	that	determines	a	person's	behavior.	As	it	is	
linked	 to	 access	 and	 use	 of	 health	 services,	 it	 also	 influences	 families'	 choices	 about	 diet,	
personal	care	and	disease	prevention.	In	our	results	we	found	an	association	between	diabetes	
and	low	level	of	education,	a	finding	found	in	several	studies	(Belmokhtar	et	al.,	2011;	Assad-
Khalil	 et	 al.,	 2018;	 Endris	 et	 al.,	 2019;	 Nikoloski,	 2020).	 However,	 having	 a	 high	 level	 of	
education	does	not	necessarily	mean	having	knowledge	of	nutrition	and	dietetics,	as	several	
studies	have	found	a	positive	relationship	between	diabetes	and	high	education	(Swasey	et	al.,	
2020;	Seiglie	et	al.,	2020).	

In	 the	study,	 socio-economic	 level	and	occupation	of	participants	did	not	emerge	as	
factors	favoring	the	development	of	diabetes.	These	results	corroborate	the	findings	of	several	
studies	(Animaw	and	Seyoum,	2017;	Idris	et	al.,	2017;	Maoui	et	al.,	2019).	The	association	of	
general	and	abdominal	obesity	with	the	high	prevalence	of	diabetes	observed	in	the	results	is	
in	line	with	the	results	found	in	the	literature	in	Algeria	(Belmokhtar	et	al.,	2011;	Belkacem	and	
Semrouni,	2018;	Maoui	et	al.,	2019)	and	worldwide	(Endris	et	al.,	2019;	Lui	et	al.,	2020;	Swasey	
et	al.,	2020;	Seiglie	et	al.,	2020).		This	association	is	often	found	in	females	(Chetoui	et	al.,	2018;	
Assad-Khalil	et	al.,	2018;	Mirzaei	et	al.,	2020),	usually	due	to	their	hormonal	profiles,	or,	as	some	
authors	have	explained,	this	may	be	considered	in	some	regions	as	a	cultural	determinant	of	
female	beauty	(Maoui	et	al.,	2019;	Chentli	et	al.,	2020).	The	strong	association	of	obesity	with	
diabetes	 has	 imposed	 a	 new	 term	 to	 describe	 this	 linkage,	 which	 is	 "Diabesity".	 Obesity	 is	
capable	of	 inducing	or	worsening	insulin	resistance	and	can	also	cause	a	range	of	metabolic	
syndrome	and	cardiovascular	disease	manifestations	(Navarro	et	al.,	2015).	

Like	many	previous	studies,	hypertension	and	hypercholesterolaemia	has	been	found	
to	be	associated	with	prediabetes	and	diabetes	(Belmokhtar	et	al.,	2011;	Endris	et	al.,	2019;	Yu	
et	 al.,	 2020).	 The	 same	 results	 have	 been	 observed	 for	 hypercholesterolaemia,	 which	
corroborates	several	reports	(Assad-Khalil	et	al.,	2018;	Endris	et	al.,	2019;	Lui	et	al.,	2020),	as	
well	as	heart	attacks	(Hills	et	al.,	2018;	Yaghoubi	et	al.,	2020).	This	situation	of	comorbidity	has	
often	been	attributed	in	part	to	poor	adherence	and	long-standing	diabetes.	

The	results	showed	a	higher	prevalence	of	diabetes	in	ex-	smokers	compared	to	current	
smokers,	 It	 should	be	noted	 that,	according	 to	some	authors,	 smoking	cessation	can	 lead	 to	
weight	gain	and	an	 increased	risk	of	obesity	which	can	 lead	to	 the	development	of	diabetes	
(Maier	et	al.,	2014).	Although	several	studies	have	indicated	that	poor	diet	and	lack	of	physical	
activity	increase	the	risk	of	diabetes	(Assad-Khalil	et	al.,	2018;	Nikoloski,	2020;	Liu	et	al.,	2020),	
the	study	did	not	show	a	significant	association	between	these	factors	and	the	prevalence	of	
glycemic	 status.	 Urbanization,	 mechanization	 of	 work	 and	 transport	 lead	 to	 an	 increasing	
sedentarisation	 resulting	 in	 a	 change	 in	 lifestyle	 with	 a	 strong	 increase	 of	 inactivity.	 For	
diabetes,	 reduced	 physical	 activity	 is	 responsible	 for	 a	 decrease	 in	 glucose	 uptake	 by	 the	
muscles	 and	 an	 increase	 in	 insulin	 resistance	 (Maamri	 and	 Benelmostafa,	 2020).	 The	 non-
association	between	glycemic	status	and	daily	portions	of	fruits	and	vegetables	observed	in	the	
results	can	be	explained	by	the	Mediterranean	diet	which	is	described	by	several	authors	as	
beneficial	 in	 the	 management	 of	 type	 2	 diabetes	 and	 helps	 to	 improve	 blood	 sugar	 and	
cholesterol	 levels	 in	metabolic	syndrome	and	 in	 the	prevention	of	diabetes	(O’Connor	et	al.,	
2020).	

	
4.1. 	Limitations	
It	 should	 be	 noted	 that	 this	 study	 has	 several	 limitations.	 First,	 the	 definition	 of	

biochemical	diabetes	in	this	survey	was	limited	to	a	single	glucose	measurement.	In	addition,	
the	real	prevalence	of	diabetes	may	be	imprecise	either	because	of	under-	or	over-reporting	
resulting	 from	 self-reporting	 of	 diabetes,	 or	 because	 of	 the	use	 of	 capillary	 readings,	which	
remain	 less	 accurate	 than	 other	 laboratory	 methods	 requiring	 sample	 dilution.	 The	 data	
collected	on	diabetes	do	not	distinguish	between	different	types	of	diabetes.	Considering	that	
type	1	diabetes	and	other	types	of	diabetes	generally	account	for	5	of	the	total	adult	population	
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with	 diabetes,	 this	 may	 suggest	 that	 the	 associations	 observed	 in	 the	 analysis	 are	 more	
pertinent	to	type	2	diabetes.	In	addition,	HbA1c	data	(glycated	haemoglobin)	that	are	needed	
to	correctly	estimate	diabetes	prevalence	and	adherence	were	unavailable.	Another	limitation	
was	 that	 the	 study	did	not	 include	people	over	69	years	of	 age,	which	may	bias	 the	overall	
prevalence	of	diabetes	in	the	population.	Finally,	the	variables	examined	in	this	study	can	only	
explain	part	of	the	determinants	of	diabetes	mellitus,	which	is	a	complex	disease	to	understand.	
Other	socio-anthropological	factors,	more	contextualized,	can	help	us	to	better	understand	and	
define	 this	 phenomenon,	without	 forgetting	 the	 genetic	 predispositions	 that	 have	 not	 been	
studied	in	this	study.	

	
5. Conclusion	
Older	age,	Southeast	region,	general	obesity,	and	hypertension	appear	to	be	related	to	

the	prevalence	of	prediabetes,	while	in	addition	to	the	factors	mentioned	above,	urban	area	of	
residence,	marital	status,	low	level	of	education,	abdominal	obesity,	hypercholesterolemia,	and	
heart	attacks	seem	to	be	related	to	diabetes.	These	factors	are	often	preventable	by	preventive	
interventions	based	on	early	diagnosis	through	screening	of	at-risk	individuals	and	therapeutic	
education,	 which	 may	 be	 more	 beneficial	 by	 considering	 the	 socio-economic	 and	 cultural	
particularities	 of	 each	 health	 region	 and	 even	 of	 each	 patient.	 These	 results	 should	 help	
measure	progress	towards	the	goals	of	the	new	2030	Agenda	for	Sustainable	Development,	and	
will	be	very	useful	for	the	development,	monitoring	and	evaluation	of	population	policies	and	
health	programs,	particularly	prevention	programs,	which	would	help	reduce	the	incidence	of	
diabetes.	
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