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Abstract
Aims: Randomized	 controlled	 trials	 have	 demonstrated	 the	 efficacy	 of	 several	
dietary	patterns	plus	physical	activity	to	reduce	diabetes	onset	in	people	with	pre-
diabetes.	However,	there	is	no	evidence	on	the	effect	from	the	Mediterranean	diet	
on	the	progression	from	prediabetes	to	diabetes.	We	aimed	to	evaluate	the	effect	
from	high	adherence	to	Mediterranean	diet	on	the	risk	of	diabetes	in	individuals	
with	prediabetes.
Methods: Prospective	cohort	study	in	Spanish	Primary	Care	setting.	A	total	of	
1184	participants	with	prediabetes	based	on	levels	of	fasting	plasma	glucose	and/
or	glycated	hemoglobin	were	followed	up	for	a	mean	of	4.2 years.	A	total	of	210	
participants	developed	diabetes	type	2	during	the	follow	up.	Hazard	ratios	of	dia-
betes	onset	were	estimated	by	Cox	proportional	regression	models	associated	to	
high	versus	low/medium	adherence	to	Mediterranean	diet.	Different	propensity	
score	methods	were	used	to	control	for	potential	confounders.
Results: Incidence	rate	of	diabetes	in	participants	with	high	versus	low/medium	
adherence	to	Mediterranean	diet	was	2.9	versus	4.8	per	100	persons-	years.	The	

www.wileyonlinelibrary.com/journal/dme
mailto:
https://orcid.org/0000-0001-8487-7384
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:josepuli@ucm.es


2 of 11 |   CEA-SORIANOetal.

1 	 | 	 INTRODUCTION

The	global	burden	of	type	2	diabetes	mellitus	has	experi-
enced	a	dramatic	exponential	increase	in	the	last	decades.	
The	prevalence	of	diabetes	has	quadrupled	between	1980	
and	2014.1 Type	2	diabetes	is	the	result	of	a	combination	of	
interactions	 between	 genetic	 predisposition,	 obesity	 and	
life	style	factors,	such	as	smoking,	sedentary	lifestyle	and	
poor	diet,	among	others.2–	4

There	is	well-	established	knowledge	about	the	role	of	
specific	nutrients	that	act	as	protective	factors,	as	well	as	
others	that	act	as	risk	factors	for	the	development	of	type	2	
diabetes.	Fruits,	nuts,	fish,	vegetables,	non-	tropical	vegeta-
ble	oils,	and	wholegrains	are	examples	of	nutrients	acting	
as	protective	factors,	while	red	meat,	processed	meat,	eggs,	
and	sugar-	sweetened	beverage	have	been	associated	with	
an	increased	risk.5–	7 Nevertheless,	due	to	the	complexity	
of	the	role	of	nutrients	on	the	occurrence	of	diseases,	evi-
dence	about	the	effect	of	dietary	patterns	rather	than	nu-
trients	has	gained	attention	in	recent	years.8	Findings	from	
several	 prospective	 studies	 in	 general	 population	 have	
shown	that	dietary	patterns	reduce	the	risk	of	diabetes.9	
An	example	is	the	Mediterranean	diet,	which	is	character-
ized	by	high	consumption	of	olive	oil,	whole	grain	cereals,	
legumes,	 vegetables,	 and	 fruits,	 moderate	 consumption	
of	wine,	fish,	and	dairy	products	and	low	consumption	of	
poultry,	red	meat,	highly	processed	foods,	refined	grains,	
and	sugars.10,11	Several	observational	cohort	studies	have	
reported	a	beneficial	effect	on	the	risk	of	type	2	diabetes	
associated	to	high	adherence	to	Mediterranean	diet	rang-
ing	from	19%	to	23%	risk	reduction.9,12–	14 Those	findings	
have	been	confirmed	 in	an	 intervention	 trial	among	pa-
tients	with	high	cardiovascular	risk.15

Several	randomized	controlled	trials	have	also	demon-
strated	 the	 effectiveness	 of	 the	 combination	 of	 different	
dietary	patterns	plus	physical	activity	 to	 reduce	 the	bur-
den	of	diabetes	in	people	at	high	risk,	as	individuals	with	
prediabetes.16,17	However,	with	the	exception	of	 the	pro-
spective	 study	 conducted	 in	 a	 Greek	 population,11	 there	
is	 no	 evidence	 about	 the	 effect	 from	 the	 Mediterranean	

diet	on	 the	progression	of	prediabetes	 to	diabetes.10 The	
term	prediabetes	refers	to	situations	in	which	the	levels	of	
glycemia	or	glycated	hemoglobin	A1c	(HbA1c)	are	higher	
than	 normal,	 but	 lower	 than	 the	 levels	 required	 for	 the	
diagnosis	of	diabetes.18,19	People	with	prediabetes	have	a	
higher	risk	of	diabetes	development	than	people	without	
prediabetes.18,19

In	the	absence	of	randomized	trials,	prospective	cohort	
studies	in	people	with	prediabetes	provide	an	opportunity	
to	examine	the	effect	from	the	Mediterranean	diet	on	di-
abetes	development.	Nevertheless,	rigorous	methodologi-
cal	approaches	are	warranted	to	minimize	potential	bias	
such	 as	 residual	 confounding	 (i.e.	 those	 more	 adherent	
to	 Mediterranean	 diet	 might	 have	 better	 lifestyle	 behav-
iors	and	 therefore	a	better	prognosis)	which	may	distort	
the	 true	 causal	 association.	 The	 aim	 of	 this	 prospective	

hazard	ratios	adjusted	for	propensity	score	and	by	inverse	probability	weighting	
(IPW)	 had	 identical	 magnitude:	 0.63	 (95%	 confidence	 interval,	 0.43–	0.93).	 The	
hazard	ratio	in	the	adjusted	model	using	propensity	score	matching	1:2	was	0.56	
(95%	confidence	interval,	0.37–	0.84).
Conclusions: These	 propensity	 score	 analyses	 suggest	 that	 high	 adherence	 to	
Mediterranean	diet	reduces	diabetes	risk	in	people	with	prediabetes.

K E Y W O R D S

diet,	longitudinal	studies,	prediabetic	state,	risk	assessment

What is already known?
•	 The	 combination	 of	 different	 dietary	 patterns	

plus	physical	activity	has	been	proven	as	an	ef-
fective	method	to	reduce	the	burden	of	diabetes	
in	people	with	prediabetes.

•	 There	is	no	evidence	about	the	effect	from	the	
Mediterranean	diet	on	risk	of	diabetes	 in	peo-
ple	with	prediabetes	according	impaired	levels	
of	glycemia	and/or	glycated	hemoglobin.

What this study has found?
•	 Compared	 with	 low/medium	 adherence	

to	 Mediterranean	 diet,	 high	 adherence	 to	
Mediterranean	 diet	 reduces	 the	 incidence	 of	
diabetes	in	people	with	prediabetes.

What are the implications of the study?
•	 Our	findings	reflect	the	importance	of	focusing	

on	 the	Mediterranean	diet	against	prediabetes	
progression.
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study	 was	 to	 evaluate	 the	 effect	 from	 adherence	 to	 the	
Mediterranean	 diet	 on	 the	 risk	 of	 type	 2	 diabetes	 in	 in-
dividuals	 with	 prediabetes,	 reducing	 the	 impact	 of	 con-
founding	factors	by	applying	several	analytical	strategies.

2 	 | 	 MATERIAL AND METHODS

2.1	 |	 Study design

The	 Cohort	 study	 in	 Primary	 Health	 Care	 on	 the	
Evolution	of	Patients	with	Prediabetes	(PREDAPS	Study)	
included	a	cohort	of	participants	with	prediabetes	and	an-
other	cohort	of	participants	without	glucose	metabolism	
disorders.	 The	 details	 of	 the	 study	 have	 been	 described	
previously.20,21 The	study	was	conducted	by	125	Primary	
Care	physicians	from	different	provinces	in	Spain,	in	the	
context	of	 their	routine	clinical	practice.	At	 the	baseline	
stage,	in	2012,	participants	aged	between	30	and	74 years	
whom	consecutively	sought	medical	attention	for	any	rea-
son	were	invited	to	participate	in	the	study.	Participants	
were	excluded	if	they	had	diabetes,	terminal	disease,	preg-
nancy,	surgery	or	hospital	admission	in	the	previous	three	
months	at	study	entry,	or	any	hematologic	disease	which	
could	alter	HbA1c	values.	Since	the	objective	of	the	study	

is	 the	 effect	 from	 the	 Mediterranean	 diet	 on	 the	 risk	 of	
type	2	diabetes	in	individuals	with	prediabetes,	the	analy-
ses	were	restricted	to	the	prediabetes	cohort.	The	partici-
pants	had	to	meet	at	least	one	of	the	following	parameters	
proposed	 by	 the	 American	 Diabetes	 Association:	 fasting	
plasma	glucose	(FPG)	levels	between	100	and	125 mg/dL	
(5.6–	6.9  mmol/L)	 (impaired	 FPG)	 and/or	 HbA1c	 values	
from	5.7%	to	6.4%	(39–	47 mmol/mol)	(impaired	HbA1c).18	
1,184	people	with	prediabetes	began	the	study	and	were	
followed	up	until	the	end	of	the	study	period	or	until	one	
of	the	following	endpoints,	whichever	came	first:	refusal	
to	continue	in	the	study,	change	of	residence,	work	prob-
lems	to	come	to	the	consultation	for	follow-	up	visit,	preg-
nancy,	refusal	of	the	doctor	to	continue	the	study,	transfer	
of	 the	 doctor	 to	 another	 primary	 care	 center,	 death	 or	
diabetes	type	2	(Figure 1).	The	mean	follow-	up	time	was	
4.2 years.	Diabetes	was	defined	as	either	FPG	≥7 mmol/L	
(126 mg/dL)	or	HbA1c	≥48 mmol/mol	(6.5%)	respectively,	
measured	annually.18

Participants	gave	their	written	informed	consent	to	par-
ticipate.	The	study	was	classified	by	the	Spanish	Agency	of	
Medicines	 and	 Medical	 Devices	 as	 a	 Non-	Interventional	
(Observational)	 Post-	Authorization	 Study,	 and	 the	 study	
protocol	was	approved	by	the	Parc	de	Salut	Mar	Clinical	
Research	Ethics	Committee	in	Barcelona.

F I G U R E  1  Study	design	and	selection	of	the	cohort.	Data	collection	in	the	baseline	was	throughout	2012.	Each	physician	could	select	
up	to	a	maximum	of	20	participants.	The	final	number	of	participants	in	the	baseline	was	2022.	The	follow-	up	period	ended	on	December	31,	
2017	
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2.2	 |	 Measures

At	baseline,	information	on	demographic	characteristics,	
family	 history,	 comorbidities,	 and	 health-	related	 habits	
was	obtained	from	the	clinical	records	of	the	study	partici-
pants,	as	well	as	from	a	personal	interview	conducted	by	
each	physician	enrolled	in	the	study.

Diet	information	was	obtained	by	a	simplified	20-	item	
food	frequency	questionnaire,	based	on	validated	instru-
ment	which	included	standard	portions	of	foods,22,23	and	
several	response	categories:	daily	consumption,	≥3	times/
week,	 1–	2	 times/week,	 <1	 time/week,	 never	 or	 almost	
never.	The	foods	were:	dairy	products,	fish,	eggs,	legumes,	
potatoes,	vegetables,	fruit,	rice	and	pasta,	bread,	olive	oil,	
nuts,	 meats,	 cold	 meats	 and	 sausages,	 cakes	 or	 sweets,	
other	vegetable	oils,	animal	fat,	fried	foods,	ready	meals,	
preserved	food,	snacks.	Adherence	to	the	Mediterranean	
diet	 was	 estimated	 through	 an	 adaptation	 of	 the	 score	
used	by	Panagiotakos	in	the	ATTICA	study.24	Specifically,	
in	the	ATTICA	study	the	frequency	of	consumption	was	
quantified	in	terms	of	the	number	of	times	the	food	was	
consumed	 per	 month,	 while	 here	 it	 was	 the	 number	 of	
times	 per	 week.	 Likewise,	 for	 the	 present	 score,	 more	
foods	far	from	the	Mediterranean	diet	have	been	included	
since	 they	 are	 substitutes	 for	 classic	 Mediterranean	 diet	
foods,	as	cold	meats	and	sausages,	cake	for	sweets,	other	
vegetables	 oils,	 animal	 fat,	 fried	 food,	 ready	 meals,	 pre-
served	 food	 and	 snacks.	 Depending	 on	 the	 frequency	 of	
consumption,	the	first	eleven	foods	were	rated	4	to	0,	and	
the	next	nine	foods	were	rated	0	to	4.	The	maximum	score	
for	 daily	 egg	 consumption	 might	 not	 be	 adequate	 given	
the	 increased	 risk	 of	 diabetes	 associated	 with	 this	 con-
sumption	observed	in	some	prospective	studies.	However,	
in	 other	 prospective	 studies	 and	 in	 intervention	 studies	
this	 relationship	 has	 not	 been	 found.25,26	 In	 any	 case,	
the	purpose	of	this	study	is	not	the	evaluation	of	the	re-
lationship	of	consumption	of	specific	foods	with	the	risk	
of	diabetes,	but	the	possible	influence	of	a	certain	dietary	
pattern	on	that	risk.	 In	 this	sense,	 the	monounsaturated	
and	polyunsaturated	fatty	acids	in	eggs	could	prevent	the	
development	 of	 diabetes,	 while	 the	 cholesterol	 provided	
by	 the	egg	could	have	 little	 influence	on	 the	risk	of	dia-
betes	 if	 there	 is	 less	 consumption	 of	 foods	 that	 contain	
this	component.	Supplementary	Table	S1	 shows	 the	dis-
tribution	 of	 the	 study	 participants	 in	 each	 consumption	
frequency	 of	 each	 food	 in	 low-	medium	 and	 high	 adher-
ence	to	Mediterranean	diet.	A	score	of	0	was	considered	
minimum	 adherence,	 compared	 to	 80,	 which	 would	 be	
maximum	adherence.	Study	participants	were	assigned	to	
the	following	four	groups	based	on	the	quartiles	of	the	diet	
score	 distribution:	 0–	53	 points,	 54–	56	 points,	 57–	59	 and	
60–	80	points.	 It	was	considered	that	 the	participants	be-
longing	to	quartile	1 had	low	adherence,	the	participants	

belonging	to	quartiles	2	and	3 had	medium	adherence	and	
the	participants	belonging	 to	quartile	4 had	high	adher-
ence	 to	 the	Mediterranean	diet.	Therefore,	 adherence	 to	
the	 Mediterranean	 diet	 was	 grouped	 into	 three	 catego-
ries	 low	 (0–	53	points),	medium	(54–	59	points)	and	high		
(60–	80	points).

The	 participants	 underwent	 physical	 examination	 to	
measure	anthropometric	parameters	-	height,	weight,	and	
waist	 circumference-	,	 and	 blood	 pressure.	 Height	 was	
measured	using	a	stadiometer	to	the	nearest	0.1 cm	and	
weight	 was	 measured	 using	 a	 digital	 scale	 to	 the	 near-
est	 0.1  kg.	 Waist	 circumference	 was	 measured	 midway	
between	 the	 lowest	 rib	and	 the	 iliac	 crest	 to	 the	nearest	
0.1  cm.	 Systolic	 and	 diastolic	 blood	 pressure	 were	 esti-
mated	as	the	mean	of	three	readings	taken.	Also,	a	blood	
sample	 was	 obtained	 to	 determine	 plasma	 levels	 of	 bio-
chemical	 parameters.	 Fasting	 blood	 samples	 were	 taken	
from	 participants.	 Serum	 glucose,	 triglycerides	 and	 cho-
lesterol	were	measured	enzymatically,	and	HDL-		choles-
terol	by	a	direct	method.	LDL-	cholesterol	was	determined	
by	the	Friedewald	formula.	HbA1c	was	assessed	by	high-	
performance	 liquid	 chromatography	 and	 estimated	 ac-
cording	 to	 the	 method	 proposed	 by	 the	 International	
Federation	of	Clinical	Chemistry	(IFCC).	Data	on	demo-
graphic	variables,	personal	and	family	history	of	disease	
and	 lifestyle-	related	 risk	 factors	 were	 collected	 by	 ques-
tionnaire.	 Hypertension	 was	 defined	 as	 systolic	 blood	
pressure	 ≥140  mmHg	 and/or	 diastolic	 blood	 pressure	
≥90 mmHg,	previous	diagnosis	of	hypertension	or	 treat-
ment	 with	 antihypertensive	 drugs.	 Low	 high-	density	
lipoprotein	 cholesterol	 (HDL-	c)	 was	 defined	 as	 HDL-	c	
<1.03 mmol/L	in	men	or	<1.29 mmol/L	in	women.	High	
low-	density	lipoprotein	cholesterol	(LDL-	c)	was	defined	as	
LDL-	c	≥2.59 mmol/L.	Hypertriglyceridemia	was	defined	
as	triglycerides	≥1.69 mmol/L.	Abdominal	obesity	as	waist	
circumference	≥102  cm	 in	 men	 and	≥88  cm	 in	 women.	
General	obesity	was	defined	as	body	mass	index	≥30 kg/
m2.	Tobacco	consumption	was	classified	as	smokers	ver-
sus	non-	smokers	(ex-	smokers	and	never	smokers).	Heavy	
alcohol	consumption	was	considered	an	intake	>20 g/day	
in	women	and	>40 g/day	in	men.	Data	were	obtained	on	
the	frequency	–	number	of	times	in	the	last	2 weeks-		and	
amount	–	mean	time	in	minutes	for	each	session-		of	differ-
ent	types	of	physical	activity	and,	on	the	basis	of	the	data	
collected,	 the	minutes	per	week	of	physical	activity	per-
formed	 by	 each	 participant	 were	 estimated.	 Physical	 ac-
tivity	was	classified	according	to	WHO	recommendation:	
participants	 followed	the	recommendations	 if	 they	prac-
ticed	 more	 than	 150  min	 per	 week	 of	 moderate	 aerobic	
physical	activity,	more	than	75 min	each	week	of	vigorous	
aerobic	 physical	 activity	 or	 an	 equivalent	 combination.	
The	next	variables	were	defined	as	yes/no:	family	history	
of	diabetes,	personal	history	of	cardiovascular	disease	or	
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kidney	failure.	Participants	were	classified	into	three	cate-
gories	of	prediabetes:	those	with	only	impaired	FPG,	those	
with	only	impaired	HBA1c,	and	those	with	both	impaired	
parameters.	The	characteristics	of	 the	study	participants	
who	completed	the	five	years	of	follow-	up	were	similar	to	
the	characteristic	of	those	who	abandoned	it	throughout	
the	follow-	up,	as	can	be	seen	in	Supplementary	Table	S2.

2.3	 |	 Statistical analysis

Participants	characteristics	were	cross	tabulated	according	
to	the	Mediterranean	diet,	that	is	those	with	low	-	medium	
and	those	with	high	adherence	to	Mediterranean	diet,	re-
spectively.	The	number	of	people	who	developed	diabetes	
was	 calculated,	 as	 well	 as	 the	 incidence	 rates	 expressed	
per	100	person-	years	with	a	95%	confidence	interval	(95%	
CI).	The	Nelson-	Aalen	curves	were	also	estimated	to	show	
the	cumulative	hazard	rate	for	diabetes	onset	as	a	function	
of	 follow-	up	according	 to	 the	categories	of	adherence	 to	
the	Mediterranean	diet.	In	addition	to	the	Nelson	Aalen	
curves,	a	log	rank	test	was	carried	to	compare	risk	of	dia-
betes	in	both	groups	of	Mediterranean	diet	under	the	null	
hypothesis	that	that	there	is	no	difference	in	the	survival	
experience	of	the	participants	in	the	two	groups.

Cox	proportional	regression	models	were	used	to	esti-
mate	hazard	ratios	(HR)	with	95%	CI	for	the	association	
between	 Mediterranean	 diet	 and	 diabetes	 occurrence.	
Cox	proportional	hazards	models	assume	that	 the	HR	is	
constant	over	time.	It	was	verified	graphically	that	this	as-
sumption	was	not	violated	since	the	observed	and	predicted	
value	 curves	 were	 similar.	 Likewise,	 the	 proportional-	
hazards	assumption	on	the	basis	of	Schoenfeld	residuals	
test	confirmed	the	findings	obtained	graphically.	Results	
were	 obtained	 by	 three	 different	 analytic	 approaches	
using	propensity	score	 to	control	 for	potential	measured	
confounders	or	mimic	experimental	randomization	of	ex-
posure	to	the	Mediterranean	diet.	Propensity	score	is	the	
estimated	probability	for	each	individual	in	a	study	to	be	
assigned	to	the	group	of	interest	for	comparison	(i.e.,	in-
tervention	group),	conditional	on	all	observed	confound-
ers.	In	the	present	study,	propensity	score	for	each	subject	
were	derived	from	the	predicted	probability	of	adherence	
to	 high	 Mediterranean	 diet	 estimated	 in	 a	 logistic	 re-
gression	 model	 that	 contained	 all	 subject	 characteristics	
without	additional	variable	selection.	The	characteristics	
included	 in	 the	 model	 were:	 age,	 sex,	 current	 smoking,	
heavy	 alcohol	 consumption,	 physical	 inactivity,	 general	
obesity,	abdominal	obesity,	hypertension,	low	HDL,	high	
LDL,	hypertriglyceridemia,	family	history	of	diabetes,	car-
diovascular	disease,	kidney	failure,	and	type	of	prediabe-
tes.	Participants	with	the	same	or	similar	propensity	scores	
can	be	considered	to	have	the	same	or	similar	distribution	

of	all	confounding	variables	used	in	constructing	the	pro-
pensity	score.	Therefore,	participants	with	the	same/sim-
ilar	propensity	scores	are	comparable	as	the	confounding	
variables	are	balanced.	There	is	controversy	about	which	
variables	should	be	included	while	constructing	the	pro-
pensity	score	model.	Here	variables	that	are	unrelated	to	
the	 exposure	 but	 are	 related	 to	 the	 outcome	 of	 interest	
were	also	included	in	a	logistic	regression.

The	 first	 model	 was	 adjusted	 by	 propensity	 scores,	
while	 the	 second	 model	 was	 adjusted	 by	 inverse	 proba-
bility	weighting	(IPW)	derived	from	propensity	score.	In	
both	analyses	a	robust	standard	error	for	the	calculation	of	
the	confidence	intervals	was	estimated.	The	third	adjusted	
model	 used	 propensity	 score	 matching	 1:2,	 where	 each	
subject	in	the	high	Mediterranean	diet	group	was	matched	
with	two	participants	in	the	low-	medium	Mediterranean	
diet	 group,	 by	 using	 a	 nearest	 neighbor	 matching	 al-
gorithm	 without	 replacement.	 Absolute	 standardized	
differences	 to	 assess	 covariate	 balance	 before	 and	 after	
propensity	score	matching	were	calculated.

In	 order	 to	 evaluate	 the	 beneficial	 effect	 from	 the	
Mediterranean	 diet	 on	 the	 risk	 of	 type	 2	 diabetes	 melli-
tus	in	the	elderly,	a	stratified	analysis	according	to	age	(in	
those	 under	 65	 and	 in	 those	 65  years	 of	 age	 and	 older)	
was	carried	out.	For	these	analyses	a	separate	propensity	
score	for	each	age	subgroup	was	estimated.	Finally,	with	
the	objective	of	evaluating	the	predictive	capacity	of	 the	
questionnaire	used	to	reflect	the	relationship	between	the	
Mediterranean	diet	and	triglyceride	and	HDL-	c,	by	multi-
ple	regression	was	estimated	the	association	between	the	
Mediterranean	 diet	 score,	 as	 a	 continuous	 variable,	 and	
lipid	variables	 in	 the	cohort	of	participants	without	glu-
cose	metabolism	disorders.

Statistical	 analyses	 were	 performed	 using	 the	 STATA	
package	version	12.0	(StataCorp	LP)	and	R	version	3.5.3	
(R	Core	Team.	R:	A	language	and	environment	for	statis-
tical	computing.	R	Foundation	for	Statistical	Computing,	
Vienna,	Austria,	2019).

3 	 | 	 RESULTS

Table 1 shows	the	distribution	of	 the	participants	 in	 the	
study	 cohort	 according	 to	 baseline	 characteristics.	 At	
baseline	(Table 2),	compared	with	individuals	with	low/
medium	 adherence	 to	 Mediterranean	 diet,	 those	 with	 a	
high	adherence	were	older	(62.7	(standard	deviation	[SD]:	
8.10)	 vs.	 58.2	 [SD]:	 9.5),	 presented	 a	 different	 pattern	 of	
life	style	factors.	They	had	lower	proportions	of	smoking	
(11%	vs.	18%),	obesity	(34%	vs.	46%),	and	higher	frequency	
of	physical	inactivity	(62%	vs.	52%).	In	terms	of	comorbidi-
ties,	participants	with	a	high	adherence	to	Mediterranean	
diet	 presented	 higher	 cardiovascular	 antecedents	 and	 a	
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worst	 metabolic	 profile	 except	 for	 hypertriglyceridemia	
(23%	vs.	29%).	Table 2	also	includes	the	standardized	dif-
ferences	for	all	variables:	except	for	age,	differences	were	
<0.1	for	the	matched	sample	used	in	the	propensity	score	
matching	 analysis,	 showing	 the	 balance	 distribution	 of	
these	variables	across	groups.

Figure  2  shows	 the	 Nelson	 Aalen	 cumulative	 haz-
ard	 function	 of	 diabetes	 according	 adherence	 to	
Mediterranean	 diet.	 There	 was	 a	 lower	 risk	 of	 diabetes	
among	those	belong	to	high	compared	with	those	belong	
to	 low/medium	 adherence	 to	 Mediterranean	 diet	 (log	
rank	tests:	p = 0.003).

Table 3 shows	diabetes	incidence	rate	in	both	categories	
of	adherence	to	Mediterranean	diet	and	HRs	without	and	
with	propensity	score	analyses.	A	total	of	39	cases	of	dia-
betes	occurred	among	those	with	high	(2.9	per	100	person-	
years)	and	171	among	those	with	low/medium	adherence	
to	Mediterranean	diet	(4.8	per	100	person-	years).	The	HR	
(95%	 CI)	 from	 unadjusted	 and	 from	 adjusted	 models	 in	

Cox	regression	without	propensity	score	analyses	for	high	
versus	low/medium	adherence	to	Mediterranean	diet	was	
0.59	 (0.42–	0.84)	 and	 0.67	 (0.47–	0.98),	 respectively.	 The	
Cox	regression	analysis	adjusted	by	propensity	scores	in-
dicated	that	participants	with	prediabetes	belonging	to	the	
high	adherence	to	Mediterranean	diet	group	had	a	37%	de-
creased	risk	of	diabetes	compared	with	those	belonging	to	
the	low/medium	adherence	to	Mediterranean	diet	group	
(HR:	0.63,	95%	CI:	0.42–	0.93).	Similar	hazard	ratio	was	ob-
tained	in	model	adjusted	by	IPW.	Finally	results	from	the	
propensity	score	matching	1:2	analysis	showed	a	decrease	
in	risk	of	44%	(HR	0.56,	95%	CI:	0.37–	0.94).

The	stratified	analysis	found	that	the	beneficial	effect	
of	high	adherence	to	the	Mediterranean	diet	was	greater	
in	those	under	65 years	of	age	than	in	those	over	65,	whose	
HRs	were	0.48	(95%	CI:	0.27–	0.86)	and	0.80	(95%	CI:	0.49–	
1.32),	respectively	(Table 3).

4 	 | 	 DISCUSSION

4.1	 |	 Main findings

The	current	study	has	evaluated	the	effect	from	adherence	
to	 the	Mediterranean	diet	on	the	risk	of	 type	2	diabetes,	
using	 several	 analytical	 approaches	 based	 on	 propensity	
score	 to	diminish	potential	confounding	 factors.	The	re-
sults	obtained	show	that	the	incidence	of	diabetes	in	those	
belonging	to	high	adherence	to	Mediterranean	diet	group	
decreased	between	37%	and	44%,	compared	 to	 those	be-
longing	to	the	low/medium	adherence	group.

4.2	 |	 Strengths and 
weaknesses of the study

According	to	a	review	of	randomized	controlled	trials	on	
the	effect	 from	diet	and/or	physical	activity	on	 the	 inci-
dence	of	type	2	diabetes	in	people	at	high	risk,	diet	plus	
physical	activity	reduced	or	delayed	the	incidence	of	dia-
betes	onset	in	people	with	impaired	glucose	tolerance.	The	
review	also	concludes	that	data	on	the	effect	from	diet	plus	
physical	 activity	 for	 people	 with	 intermediate	 hypergly-
caemia	defined	by	other	glycemic	variables	are	lacking.16	
Besides,	 except	 in	 one	 of	 the	 trials,27	 the	 effect	 from	 di-
etary	intervention	was	not	assessed	in	isolation,	regardless	
of	physical	activity,	and	promotion	of	Mediterranean	diet	
was	not	included	in	any	of	the	dietary	interventions.17 The	
main	strength	of	this	study	is	that	it	allows	to	observe	the	
effect	from	adherence	to	the	Mediterranean	diet	in	reduc-
ing	the	incidence	of	diabetes	in	participants	with	predia-
betes	according	to	the	levels	of	FPG	and/or	HbA1c.	This	
finding	adds	evidence	to	the	net	beneficial	effect	from	the	

T A B L E  1 	 Distribution	of	the	participants	in	the	study	cohort	
according	to	baseline	characteristics.	Number	(N)	and	percentage	
(%)

Characteristics N %

All 1184 100.0

Age	(years)

<50 187 16

50–	64 589 50

65+ 408 35

Men 589 50

Current	smoking 197 17

Heavy	alcohol	consumption 160 14

Physical	inactivity 653 55

General	Obesity 509 43

Abdominal	Obesity 794 67

Hypertension 793 67

Low	HDL 286 24

High	LDL 940 79

Hypertriglyceridemia 332 28

Family	history	of	diabetes 450 38

Cardiovascular	disease 92 7.8

Kidney	failure 31 2.6

Prediabetes

Both	parameters	impaired 614 52

Adherence	to	Med-	Diet

Low-	Medium 866 73

High 318 27

Abbreviations:	FPG,	fasting	plasma	glucose;	HbA1c,	glycated	hemoglobin	
A1c;	HDL,	high	density	lipoprotein	colesterol;	LDL,	low	density	lipoprotein	
colesterol;	Med-	diet:	Mediterranean	diet.
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Mediterranean	 diet	 in	 reducing	 diabetes	 observed	 in	 a	
previous	prospective	study	among	participants	with	FPG	
100–	125 mg/dl	(5.6–	6.9 mmol/L).11

Unlike	the	previous	study,	in	which	it	was	not	possi-
ble	to	determine	the	exact	time	of	diabetes	onset,11	the	
annual	availability	of	measurements	of	FPG	and	HbA1c	
is	another	of	the	strengths	of	the	present	analysis,	since	
it	has	been	possible	to	estimate	the	follow-	up	time	until	
the	development	of	diabetes.	However,	 it	has	not	been	
possible	 to	 estimate	 the	 effect	 from	 the	 Mediterranean	
diet	 on	 the	 incidence	 of	 diabetes	 in	 people	 with	 im-
paired	glucose	tolerance,	since	the	PREDAPS	study	did	
not	include	participants	with	prediabetes	based	on	this	
criterion.

This	 study	 highlights	 the	 feasibility	 of	 conducting	
a	 prospective	 observational	 study,	 with	 data	 collected	
nation-	wide	 by	 primary	 care	 physicians	 during	 routine	
clinical	practice.	Nevertheless,	 analytical	determinations	
were	performed	using	different	laboratories,	which	might	
result	 into	 a	 misclassification.	 Since	 each	 patient	 was	
assigned	 to	 the	 same	 laboratory	 during	 the	 follow-	up,	
this	 limitation	should	be	minor	and	expected	to	be	non-	
differential	in	relation	to	the	outcome.

The	exposure	to	the	Mediterranean	diet	was	measured	
by	a	food	frequency	questionnaire,	which	is	the	most	com-
monly	used	instrument	to	assess	past	dietary	intake	in	ep-
idemiological	 studies.	 Although	 24-	h	 dietary	 recall	 and	
dietary	records	have	been	used	to	measure	usual	dietary	

T A B L E  2 	 Baseline	characteristics	of	the	study	participants	according	adherence	to	Mediterranean	diet	before	and	after	propensity	score	
matching.	Number	(N)	and	percentage	(%)

Characteristics

Before propensity score matching After propensity score matching

High 
adherence 
(N = 318)

Low/medium 
adherence 
(N = 866) Absolute 

standardized 
differences

High 
adherence 
(N = 318)

Low/
medium 
adherence 
(N = 636) Absolute 

standardized 
differencesN % N % N % N %

Age	(years)

<50 20 6.3 167 19 0.516 20 6.3 45 7.1 0.228

50–	64 141 44 448 52 141 44 348 55

65+ 157 49 251 29 157 49 243 38

Men 161 51 428 49 0.024 161 51 320 50 0.006

Current	smoking 36 11 161 19 0.254 36 11 93 15 0.098

Heavy	alcohol	
consumption

39 12 121 14 0.051 39 12 84 13 0.028

Physical	inactivity 199 63 454 52 0.206 199 63 380 60 0.058

General	Obesity 108 34 401 46 0.254 108 34 238 37 0.072

Abdominal	Obesity 191 60 603 70 0.201 191 60 407 64 0.081

Hypertension 213 67 580 67 <0.001 213 67 430 68 0.013

Low	HDL 67 21 219 25 0.100 67 21 138 22 0.015

High	LDL 257 81 683 79 0.049 257 81 512 81 0.008

Hypertriglyceridemia 74 23 258 30 0.148 74 23 170 27 0.080

Family	history	of	
diabetes

116 37 334 39 0.043 116 37 236 37 0.013

Cardiovascular	disease 32 10 60 6.9 0.113 32 10 52 8.2 0.066

Kidney	failure 3 0.9 28 3.2 0.161 3 0.9 5 0.8 0.017

Prediabetes

Only	impaired	FPG 68 21 186 22 0.052 68 21 138 22 0.014

Only	impaired	
HbA1c

90 28 226 26 90 28 176 28

Both	parameters	
impaired

160 50 454 52 160 50 322 51

Abbreviations:	FPG,	fasting	plasma	glucose;	HbA1c,	glycated	hemoglobin	A1c;	HDL,	high	density	lipoprotein	colesterol;	LDL,	low	density	lipoprotein	
colesterol.
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intake,	 both	 instruments	 are	 expensive	 and	 unrepresen-
tative	 of	 usual	 intake	 and,	 therefore,	 inadequate	 for	 the	
assessment	of	past	dietary	intake.28,29 While	the	question-
naire	of	the	other	Spanish	study	(PREDIMED	study)	 in-
cluded	14	item	food,23	the	questionnaire	of	the	PREDAPS	
study	included	20.	The	reason	was	adding	some	foods	that	
are	consumed	as	substitutes	for	the	foods	that	are	part	of	the	
Mediterranean	diet.	Therefore,	the	participants	with	high	
adherence	to	the	Mediterranean	diet	in	the	present	analy-
sis	are	strict	adherents	to	this	diet,	since	in	the	calculation	
of	the	score	the	absence	of	consumption	of	these	substi-
tute	foods	has	been	weighted	to	a	greater	extent.	Another	
aspect	 to	 consider	 is	 to	 what	 extent	 the	 food	 frequency	
questionnaire	 used	 here	 measures	 the	 Mediterranean	
diet.	 Following	 one	 of	 the	 approaches	 to	 evaluate	 diet	
questionnaires30	 it	 was	 assessed	 its	 ability	 to	 predict	 the	
known	relationship	between	the	Mediterranean	diet	and	
the	physiological	response	in	triglyceride	levels	and	HDL	
cholesterol	(5).	The	Mediterranean	diet	score	showed	an	
association	with	a	lower	triglycerides	concentration	and	a	
higher	HDL-	cholesterol	concentration	at	five	year	in	the	
cohort	of	participants	without	glucose	metabolism	disor-
ders	in	the	PREDAPS	study	(Supplementary	Table	S3).

The	results	could	be	biased	if	the	patients	who	dropped	
out	 were	 different	 from	 those	 who	 remained.	 However,	
the	 distribution	 and	 frequency	 of	 lifestyles	 and	 health	
problems	at	baseline,	as	well	as	the	degree	of	adherence	
to	the	Mediterranean	diet,	were	similar	in	the	participants	
who	completed	the	study	than	in	those	who	abandoned	it	
throughout	the	follow-	up.

It	 was	 decided	 to	 include	 the	 confounding	 factors	 as	
categorical	variables	and,	preferably,	in	two	categories,	in	
order	 to	 achieve	 a	 greater	 goodness	 of	 fit	 of	 the	 logistic	

regression	models	used	to	estimate	the	propensity	score.	
This	has	meant	that	much	information	of	some	variables	
included	 is	 lost	 with	 dichotomization,	 as	 is	 the	 case	 of	
physical	 activity,	 which	 has	 been	 able	 to	 limit	 the	 ade-
quate	control	of	the	confounders.

Finally,	 the	 propensity	 scoring	 method	 cannot	 avoid	
bias	 caused	 by	 unmeasured	 confounders.	 For	 example,	
the	possible	presence	of	other	chronic	diseases,	total	en-
ergy	 intake,	or	psychosocial	and	socio-	economic	 factors.	
Thus,	since	it	 is	not	possible	to	rule	out	the	existence	of	
unmeasured	 factors	 associated	 with	 adherence	 to	 the	
Mediterranean	diet	and	with	the	development	of	diabetes,	
the	potential	for	some	residual	confounding	remains.

4.3	 |	 Comparison with other studies and 
possible explanations

With	 some	 exception,31  most	 of	 the	 population-	based	
cohort	 studies	 have	 found	 that	 a	 higher	 degree	 of	 ad-
herence	to	the	Mediterranean	diet	was	associated	with	
a	reduction	in	risk	of	type	2	diabetes.	In	a	meta-	analysis	
of	 prospective	 cohort	 studies,	 the	 risk	 reduction	 com-
paring	 the	 extreme	 quartiles	 of	 Mediterranean	 diet	
score	 was	 0.87.9	 A	 clear	 trend	 has	 also	 been	 found	 in	
the	protective	effect	according	the	score	of	adherence	to	
the	Mediterranean	diet	in	the	only	study	that	so	far	has	
evaluated	 this	 relation	 in	 participants	 with	 prediabe-
tes.11	Specifically,	the	magnitude	of	the	protective	effect	
in	 the	 development	 of	 diabetes	 was	 lower	 in	 medium	
than	 in	 high	 adherence	 to	 the	 Mediterranean	 diet.	 In	
contrast,	this	trend	has	not	been	observed	in	the	present	
study.	 Only	 participants	 with	 prediabetes	 belonging	 to	

F I G U R E  2  Nelson	Aalen	cumulative	
hazard	showing	time	to	diabetes	onset	
according	to	adherence	to	Mediterranean	
diet	
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the	extreme	quantile	of	 the	score	have	shown	a	reduc-
tion	in	diabetes	incidence	risk.	In	fact,	a	null	effect	was	
observed	when	comparing	medium	with	the	low	adher-
ence	 to	 Mediterranean	 diet:	 the	 hazard	 ratios	 for	 me-
dium	 and	 high	 versus	 low	 adherence	 adjusted	 by	 the	
propensity	 score	 were	 1.01	 (0.72–	1.41)	 and	 0.59	 (0.34–	
0.96),	respectively	(data	not	shown).

In	 any	 case,	 the	 magnitude	 of	 the	 protective	 effect	
obtained	in	the	present	study	is	similar	to	the	one	found	
in	the	only	trial	 that	evaluated	the	 isolated	effect	of	diet	
on	 the	 incidence	 of	 diabetes,	 carried	 out	 in	 participants	
with	impaired	glucose	tolerance,	reporting	an	estimate	of	
0.64.23	 Likewise,	 the	 magnitude	 has	 been	 similar	 to	 the	
one	observed	in	the	only	intervention	trial	on	adherence	
to	 Mediterranean	 diet	 and	 diabetes	 risk	 among	 persons	
with	high	cardiovascular	risk,	also	performed	in	a	Spanish	
population,	and	whose	HR	was	0.60.15

The	greatest	beneficial	effect	obtained	in	those	younger	
than	 65  years	 contrasts	 with	 previous	 evidence	 from	 ran-
domized	 controlled	 trials	 in	 which	 the	 greatest	 benefit	 of	
dietary	intervention	to	reduce	the	incidence	of	diabetes	was	
observed	in	older	people.16	However,	the	comparison	of	both	
findings	must	be	done	with	caution	since	in	these	trials	di-
etary	intervention	was	accompanied	by	promotion	of	phys-
ical	 activity.	 Some	 observational	 studies	 have	 shown	 that	
physical	activity	is	independently	associated	with	reduction	
in	the	risk	of	incidence	of	diabetes	among	older	people.32,33

In	 participants	 with	 prediabetes	 who	 may	 have	 im-
paired	 FPG	 and/or	 HbA1c,	 knowledge	 of	 which	 type	 of	
diet	 most	 influences	 on	 glycemic	 metabolism	 is	 a	 key	
feature	 to	 design	 personalized	 diet	 against	 prediabetes	
progression.	In	this	sense,	some	meta-	analyses	of	prospec-
tive	 studies	 and	 clinical	 trials	 found	 a	 greater	 reduction	
of	either	FPG	or	HbA1c	with	the	Mediterranean	diet,	as	
compared	with	control	diet	or	low-	fat	diet.10,34	Although	
the	mechanism	of	action	of	Mediterranean	diet	in	reduc-
ing	 the	diabetes	 incidence	 is	not	 sufficiently	understood	
due	to	the	action	of	multiple	components,	possible	mech-
anisms	 include	an	 improvement	of	 insulin	sensitivity	as	
a	result	of	reduction	in	inflammation,35	as	well	as	benefi-
cial	effects	of	fatty	acids	and	phenolic	compounds	on	the	
beta-	cell.35,36

In	conclusion,	in	this	observational	study,	high	adher-
ence	 to	 the	 Mediterranean	 diet	 has	 shown	 a	 protective	
effect	on	 the	 risk	of	 type	2	diabetes	 in	participants	with	
prediabetes	according	to	impaired	FPG	and/or	HbA1c.
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