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ABSTRACT	
Background	and	Aim.	Although	dietary	variety	has	been	associated	with	a	better	nutritional	

profile,	its	possible	role	in	obesity	makes	its	overall	heath	benefits	doubtful.	In	this	study	we	

examine	the	association	between	dietary	variety	and	anthropometric	variables,	food	intake,	

and	various	biomarkers	of	this	intake	in	Spanish	children.		

Methods	and	Results.	This	is	a	cross-sectional	study	of	1112	children	between	6	and	7	years	

old,	 from	Cadiz,	Murcia,	Orense	and	Madrid,	 selected	 through	 random	cluster-sampling	of	

schools.	 Information	 on	 food	 and	 nutrient	 intake	was	 obtained	 through	 a	 food	 frequency	

questionnaire	(FFQ).	The	dietary	variety	index	(DVI)	was	calculated	based	on	the	number	of	

different	 foods	consumed	more	 than	once-a-month.	The	anthropometric	 variables	 (weight	

and	 height)	 and	 the	 plasma	 lipid	 and	 vitamin	 levels	 were	 determined	 using	 standardized	

methods.	Our	 results	 show	 that	 the	 body	max	 index	 (BMI)	 did	 not	 vary	 substantially	 as	 a	

function	of	DVI.	Average	BMI	was	16.9	 in	 the	 lowest	 tertile	of	DVI	and	17.2	 in	 the	highest	

(p=0.20).	Unlike	BMI,	DVI	was	positively	associated	(p<	0.05)	with	plasma	levels	of	α	and	β-

Carotene,	lycopene,	retinol,	α-tocopherol,	and	vitamin	E,	with	energy	intake	and	with	most	

of	 the	 foods,	particularly	 vegetables,	 fruits,	 and	 sausages	 (coefficients	of	 correlation:	0.43,	

0.26,	and	0.23	respectively).		



	
Conclusions.	 Dietary	 variety	 is	 associated	 with	 a	 better	 food	 and	 nutritional	 profile	 in	
Spanish	 children.	 Nevertheless,	 the	 presence	 of	 a	 positive	 association	 between	DVI	 and	
energy	 intake,	 and	 consumption	 of	 sausages	 and	 pre-cooked	 products	 calls	 for	 the	
recommendation	of	a	varied	diet	with	respect	to	healthy	foods,	such	as	cereals	(especially	
whole	grains),	fruits,	and	vegetables.	



	

INTRODUCTION	
Traditionally,	nutritional	epidemiology	has	focused	on	the	health	effects	of	specific	nutrients	

and	 foods.	 To	 investigate	 their	 effects	 on	 health,	 some	 studies	 have	 analyzed	 the	 role	 of	

specific	 foods	 or	 nutrients	 such	 as	 garlic(33)	 or	 linolenic	 acid(16).	 Other	 studies	 have	

grouped	 foods	 or	 nutrients	 according	 to	 a	 series	 of	 common	 characteristics,	 for	 example	

fruits	 and	 vegetables(46)	 or	 monounsaturated	 fatty	 acids(24).	 Nevertheless,	 diet	 is	 a	

collection	 of	 diverse	 foods,	 nutrients	 and	 other	 chemical	 substances	 whose	 possible	

interactions	 cannot	 be	 analyzed	 in	 all	 their	 complexity	 using	 the	 aforementioned	

approaches(48).	

Therefore,	the	growing	development	of	studies	that	look	at	diet	from	a	global	perspective,	using	dietary	patterns	or	food	
variety,	could	contribute	to	our	understanding	of	the	mechanisms	by	which	diet	affects	health(9)	and	this	could	be	useful	when	
making	nutritional	guidelines	and	policies(12).	

	

Dietary	 guidelines	 encourage	 a	 varied	 diet,	 a	 reasonable	 recommendation	 if	 we	 consider	

that	 a	 human	 being	 needs	 to	 consume	more	 than	 40	 different	 essential	 nutrients,	 found	

widely	 distributed	 among	 foods(44,	 49).	 Furthermore,	 not	 only	 a	more	healthy	 nutritional	

profile	has	been	observed	among	individuals	with	a	more	varied	diet(15,	20,	21,	26,	35,	42),	

but	 also	 the	 indices	 that	measure	 dietary	 diversity	 and	 variety	 have	 been	 correlated	with	

greater	 longevity(18,	 19)	 and	 a	 reduced	 risk	 of	 vascular	 problems(51)	 and	 some	 types	 of	

cancer(11,	 25).	 Even	 so,	 the	possible	 influence	of	 dietary	 variety	 on	 the	development	 and	

persistence	 of	 obesity	 raises	 doubts	 about	 its	 possible	 health	 benefit(36).	 Furthermore,	

recent	evidences	seem	to	 indicate	that	the	protective	health	effect	associated	with	dietary	

diversification	is	more	closely	related	to	intake	of	specific	foods	considered	healthy(17,	32).	

	



	
This	study,	which	analyzes	the	diet	of	school-age	children	in	four	Spanish	cities	with	different	

demographic	 and	 sociocultural	 characteristics,	 complements	 the	 available	 information	 on	

the	 validity	 of	 varied	 food	 choices	 as	 an	 indicator	 of	 dietary	 quality.	 To	 this	 end,	 we	

examined	 the	 correlations	 between	 dietary	 variety	 and	 anthropometric	 variables,	 caloric	

intake,	intake	of	principal	food	groups	and	various	biomarkers	of	this	intake.	

	



	

METHODS	

Study subjects   

We	 selected	 representative	 samples	 of	 school	 children,	 ages	 6-7,	 in	 four	 regions	 in	 Spain	

(Cadiz,	Madrid,	Orense	and	Murcia)	over	the	period	1998-1999.	These	regions	were	chosen	

mainly	 because	 of	 the	 large	 difference	 in	 cardiovascular	 mortality	 between	 them.	 More	

detailed	information	about	the	design	of	the	study	is	available	in	previous	publications	(37,	

38).	

	

Children	were	selected	by	means	of	random	cluster-sampling	in	schools,	and	stratified	by	sex	

and	 type	 of	 school	 (i.e.,	 public	 versus	 private).	 Type	 of	 school	 was	 an	 indicator	 of	 socio-

economic	 level.	Sampling	was	carried	out	 in	 two	stages:	 in	 the	 first,	 schools	were	selected	

from	 lists	 supplied	 by	 the	 regional	 educational	 authorities;	 and	 in	 the	 second,	 classrooms	

and	 pupils	 were	 selected.	 In	 each	 region	 six	 schools	 were	 selected.	 Approximately	 50	

children	were	invited	to	participate	in	each	school.	(38)All	children	reported	by	parents	to	be	

suffering	 from	metabolic,	 endocrine,	 liver	or	 kidney	disorders	were	excluded	 so	 as	 to	 rule	

out	the	possibility	of	the	values	of	any	of	the	variables	of	interest	being	altered.		

	

The	 study	 protocol	 complied	 with	 Helsinki	 Declaration	 guidelines	 and	 Spanish	 statutory	

provisions	 governing	 clinical	 research	 on	 humans(1),	 and	 was	 formally	 approved	 by	 the	

Clinical	Research	Ethics	Committee	of	the	Jiménez	Díaz	Foundation	in	Madrid	(Spain).	

	



	
Data	collection	and	study	variables	
The study was orally presented to the Board of Governors (Consejo Escolar) of 

each of the schools. Following this, a letter was circulated to the parents of all 

children invited to participate in the study, outlining the study goals and 

procedures, and securing their written authorization. In addition, this same 

letter urged all parents to seek the necessary consent from their children. 

	

Food	and	nutritional	data:	
At each school, data were collected by a field team, comprising a physician, a 

nurse and a group of persons purpose-trained in the use of a food frequency 

questionnaire (FFQ), who conducted the survey and obtained the information 

from the children’s mothers or the people responsible for their food. 

	

The	 FFQ,	 initially	 developed	 for	 use	on	 adults	 and	previously	 validated	 in	 Spain	by	Martín	

Moreno	 et	 al.(28),(28)	 was	 adapted	 for	 a	 primary-school	 population	 by	 amending	 and	

downscaling	 the	 list	 of	 foods	 and	portions	 consumed,	 eliminating	 alcoholic	 beverages	 and	

including	some	foods	frequently	found	in	a	child’s	diet	(e.g.,	pizzas,	hamburgers,	etc.).	These	

amendments	were	based	on	a	recent,	systematic,	 in-depth	review	of	child-population	food	

surveys	in	Spain(13).	The	final	version	of	the	FFQ	included	a	total	of	77	food	items	grouped	

under	11	headings	by	affinity	in	nutrient	content.	For	each	food,	the	usual	size	of	the	serving	

eaten	was	defined	(e.g.,	1	cup	of	milk	equivalent	to	170	cc.;	a	dish	of	lentils	equivalent	to	60	

g.	dry	weight)	and	the	mean	frequency	of	consumption	of	such	servings	over	 the	previous	

year	 ascertained.	 The	 FFQ	 provided	 5	 consumption	 frequency	 scales	 (never,	 annually,	

monthly,	weekly	and	daily).	Standard	Spanish	food-composition	tables	were	used	to	convert	



	
the	 foods	 into	 nutrients	 and	 total	 caloric	 intake	 for	 each	 of	 the	 subjects	 included	 in	 the	

study(29,	34).	

 

Anthropometric  var iables   

Measurements	 were	 taken	 with	 the	 children	 lightly	 dressed	 and	 barefoot.	 Height	 was	

measured	to	the	last	millimeter	using	a	portable	stadiometer,	and	weight	was	measured	to	

the	last	0.1	kg	using	a	standardized	electronic	digital	scale.	From	these	measurements,	body	

mass	index	(BMI)(weight	in	kilograms	divided	by	the	square	of	the	height	in	meters:	kg/m2)	

was	then	computed.	Prevalence	of	overweight	and	obesity	was	calculated	as	the	percentage	

of	 children	 exceeding	 BMI	 cut-off	 points	 proposed	 in	 a	 recent	 synthesis	 of	 international	

studies(6).	

	

Biochemical data 

Fasting	(12-hours)	venous	blood	samples	were	obtained	by	venipuncture	into	a	

Vacutainer	tube	containing	EDTA.	Samples	were	kept	on	ice	and	sent	to	the	study’s	

central	laboratory	for	analysis.	Once	centrifuged,	the	fractions	were	separated	and	

frozen	at	–70ºC.	Cholesterol	and	triglycerides	were	measured	enzymatically	(Menarini	

Diagnostics,	Italy)	with	an	RA-1000	Autoanalyzer.	The	cholesterol	bound	to	high	density	

lipoproteins	(HDL-C)	was	determined	after	precipitation	of	lipoproteins	containing	apoB	

with	phosphowolframic	acid	and	Mg	(Boehringer	Mannheim,	Germany).	The	

cholesterol	bound	to	low	density	lipoproteins	(LDL-C)	was	calculated	using	the	

Friedewald	formula.	Concentrations	of	retinol,	α -tocopherol,	γ -tocopherol,	α -carotene,	

β -carotene	and	lycopene	in	plasma	were	measured	by	High-performance	liquid	

chromatography	(HPLC),	using	a	modified	form	of	the	method	described	by	Schafer	y	



	
Walldius(41).		

	

Dietary	variety	index	(DVI)	

Dietary variety has traditionally been measured on the basis of the number of 

different foods consumed during a 3-day period(10, 23, 29). In this study, 

however, the FFQ used allowed the measurement of habitual intake and 

contained a fixed number of food items, some of which included several 

distinct nutrients. For example, the same item included foods such as 

eggplants, zucchini, cucumber, carrot, pumpkin and peppers. Consequently, in 

accordance with a method proposed by other authors(31), dietary variety was 

calculated using the number of different types of foods (items of the 

questionnaire) eaten more than once a month. Furthermore, similar foods were 

grouped as one single item for their evaluation as a component of dietary 

variety as suggested in the USDA Center for Nutrition Policy and Promotion 

guidelines(50). For example, whole milk and 1% fat milk were grouped in the 

same item, as were roasted, boiled or fried potatoes. Thus, the final number of 

items was 72.	

	

Statistical	data	analysis	
After	tabulation	and	basic	descriptive	analysis	of	the	data,	a	t-test	and	analysis	of	variance	

were	 used	 to	 compare	 the	 mean	 values	 between	 groups.	 The	 Pearson	 correlation	

coefficients	were	used	to	examine	the	linear	association	between	quantitative	variables.	To	

calculate	 these,	 variables	 that	 didn’t	 follow	 a	 normal	 distribution	 were	 transformed	



	
logarithmically.	 Linear	 regression	was	 used	 to	 calculate	 the	magnitude	 of	 this	 association.	

Analysis	 of	 covariance	 was	 used	 to	 adjust	 the	means	 for	 caloric	 intake.	 The	 analysis	 was	

carried	 out	 for	 all	 nutrients	 with	 and	 without	 adjusting	 for	 total	 caloric	 intake(27).	 All	

comparisons	were	two-sided	at	a	0.05	significance	level.	Statistical	analyses	were	performed	

using	the	Statistical	Analysis	System	computer	software	package(5).	

	

	

	



	
RESULTS	

	

The	 rate	 of	 response	 was	 85%,	 with	 little	 variation	 among	 the	 four	 cities.	 The	 sample	

generated	 included	 1112	 individuals,	 557	 (50.1%)	 boys	 and	 555	 (49.9%)	 girls,	 with	 an	

average	age	of	6.7.	The	DVI	 fell	 in	a	 range	of	21	 to	60,	 from	a	possible	0	 to	72.	The	mean	

value	was	42.	The	BMI	did	not	vary	 significantly	as	a	 function	of	dietary	variety,	 its	 values	

were	 16.9	 in	 the	 lowest	 tertile	 and	 17.2	 in	 the	 highest	 tertile	 (p=0.20).	 Although	 the	

percentages	of	overweight	and	obese	children	were	higher	in	the	group	of	children	from	the	

upper	 tertile	 of	 DVI	 (31.9%,	 and	 14.5%	 respectively)	 than	 in	 the	 lower	 tertile	 (30.7%,	 and	

11.3%	respectively),	these	differences	were	not	statistically	significant	(Table	1).		

	

In	table	2	a	positive	and	statistically	significant	correlation	(p<0.05)	can	be	seen	between	DVI	and	caloric	intake,	as	well	as	
consumption	of	oils	and	fats,	meat	and	fish,	legumes	and	cereals,	fruits,	vegetables,	and	pre-cooked	foods.	The	strongest	
associations	were	seen	with	consumption	of	vegetables	(CC=0.43),	fruits	(CC=0.26)	and	sausages	(CC=0.23).	However,	in	all	
cases	the	strength	of	the	association	was	reduced	when	adjusted	for	total	caloric	intake.	For	dairy	products,	the	positive	
association	seen	in	the	raw	analysis	became	negative	when	adjusted	for	total	caloric	intake.	Finally,	there	was	not	a	statistically	
significant	association	between	consumption	of	carbonated	beverages	and	DVI.	As	for	salt,	the	weak	correlation	found	was	
negative.		

	

To	calculate	the	magnitude	of	the	slope	of	caloric	intake	as	a	function	of	DVI,	we	used	a	linear	regression	model.	On	a	
percentile	scale,	the	coefficient	of	linear	regression	of	the	DVI	was	0.32	(p<0.0001).	In	other	words,	as	variety	increased	so	did	
caloric	intake	but	at	a	lower	than	proportional	rate.		

	

As	 seen	 in	 table	 3,	 after	 adjusting	 for	 total	 caloric	 intake,	 the	 DVI	 showed	 a	 positive	 and	

statistically	significant	correlation	(p<0.05)	with	plasma	levels	of	α	and	β-carotene,	lycopene,	

retinol,	 α-tocopherol	 and	 vitamin	 E.	 Children	 in	 the	 upper	 tertile	 of	 DVI	 showed	 higher	

plasma	levels	of	HDL-C	and	lower	of	triglycerides,	although	these	differences	were	of	small	

magnitude	and	did	not	reach	statistical	significance.	



	
	



	
DISCUSSION	

The	 results	 of	 this	 study	 suggest	 that	 a	 varied	 diet	 is	 generally	 associated	 with	 a	 more	

healthy	 dietary	 pattern	 and	 biochemical	 profile	 in	 Spanish	 children.	 Dietary	 variety	 was	

positively	correlated	with	the	intake	of	principle	food	groups	and	negatively	with	salt	intake.	

A	more	varied	diet	was	accompanied	by	higher	plasma	levels	of	HDL-C,	carotenes,	lycopene,	

retinol,	α-tocopherol	 and	 vitamin	 E	 and	 slightly	 lower	 levels	 of	 triglycerides.	 Furthermore,	

although	caloric	intake	and	that	of	oils	and	fats	increase	with	dietary	variety,	the	differences	

observed	 in	 BMI	 and	 prevalence	 of	 excess	weight	 and	 obesity	were	 small	 to	moderate	 in	

magnitude	and	not	statically	significant.		

	

When	 interpreting	 the	 results	 obtained,	 the	 inherent	 limits	 of	 	 the	measuring	 instrument	

and	the	fact	that	the	main	source	of	information	was	the	memory	of	the	children’s	mothers	

must	be	kept	in	mind.	Although	some	studies	show	that	questionnaires	on	frequency	of	food	

consumption	 produce	 an	 overestimation	 of	 caloric	 intake	 in	 children(45),	 others	 indicate	

that	 it	 is	possible	 to	adequately	measure	habitual	 intake	of	energy	and	nutrients	with	 this	

type	of	questionnaires(14,	47).	Also,	there	is	evidence	that	mothers	inform	adequately	about	

meals	 that	 children	have	at	home(22,	31).	On	 the	other	hand,	 it	 should	be	noted	 that	 the	

impact	 of	 a	 specific	 type	 of	 food	 on	 dietary	 variety	 depends	 on	 the	 number	 of	 different	

foods	 included	 in	 the	 same	 item	of	 the	 FFQ.	 In	 general,	 if	more	 foods	 are	 included	 in	 the	

same	item	that	item	will	have	a	greater	contribution	to	dietary	variety.	Because	of	this,	the	

different	structure	of	the	FFQ	used	in	different	studies	could	explain	some	of	the	differences	

in	the	results.	Finally,	since	this	is	a	cross	sectional	study,	its	impossible	to	infer	directly	that	

a	change	in	dietary	variety	caused	by	a	clinical	or	community		intervention	will	translate	into	



	
a	specific	change	in	the	consumption	of	specific	foods,	or	vice-versa.	Nevertheless,	this	study	

is	useful	to	characterize	which	foods	contribute	most	to	variety	in	the	diet	of	most	Spanish	

children.	According	to	our	results	(table	2)	these	foods	are	fruits,	vegetables	and	sausages.		

	

There	is	evidence	that	the	amount	of	food	needed	to	feel	sated	and	therefore	the	amount	

consumed	vary	with	the	type(39)	and	number	of	different	foods	eaten(36).	According	to	our	

results	the	relationship	between	variety	and	energy	 intake	is	not	quite	proportional,	which	

suggests	 that	 subjects	 reduce	 the	 total	 intake	 of	 each	 food	 as	 dietary	 variety	 increases.	

However,	 in	 the	 case	 of	 high-calory	 foods,	 such	 as	 certain	 condiments	 (butter,	 ketchup,	

margarine,	 mayonnaise,	 sauces,	 dressings,	 etc.),	 carbonated	 beverages,	 and	 baked	 goods	

the	increase	in	dietary	variety	is	associated	with	a	higher	degree	of	obesity	and	an	increase	

in	body	fat(30,	36).	Unfortunately,	in	recent	decades	foods	of	these	type	have	become	much	

more	 available	 in	 the	 supermarkets	 of	 the	 developed	 world(36).	 Consequently,	 it	 is	 not	

surprising	that,	in	the	populations	of	western	countries,	greater	dietary	variety	comes	from	

the	 consumption	 of	 more	 diverse	 foods	 of	 all	 types,	 including	 processed	 and	 high-calory	

foods(30).	 Hovewer,	 in	 our	 study	 it	 was	 the	 consumption	 of	 fruits	 and	 vegetables	 which	

presented	 the	 strongest	 association	 with	 DVI.	 This	 phenomena	 could	 explain	 the	 weak	

association	found	between	the	degree	of	obesity	and	dietary	variety.	On	the	other	hand,	the	

positive	association	between	DVI	and	energy	 intake	could	merely	 represent	differences	on	

physical	 activity,	 as	 seen	previously	 in	other	 context.	 Furthermore,	 the	DVI	 showed	a	very	

weak	 correlation	 with	 the	 intake	 of	 baked	 goods	 and	 no	 correlation	 with	 carbonated	

beverages	consumption.	Therefore	it	 is	still	possible	that	the	absence	of	a	clear	association	

between	DVI	and	degree	of	obesity	could	be	due	to	an	underestimation	of	the	actual	effect.	



	
	

Nutrients	 are	 found	 widely	 distributed	 among	 foods	 and	 no	 one	 food	 group	 provides	 all	

essential	 nutrients.	 The	 fact	 that	 dietary	 variety	 is	 positively	 associated	 with	 the	

consumption	 of	 a	majority	 of	 the	 food	 groups,	 explains	 the	 positive	 association	 observed	

with	 plasma	 levels	 of	 all	 micronutrients	 studied.	 This	 is	 consistent	 with	 the	 results	 of	

previous	 studies	 that	 show	 a	 higher	 intake	 of	 various	 vitamins	 in	 individuals	 with	 more	

varied	diets(15,	20,	21,	26,	35,	42).	Plasma	carotene	levels	are	considered	reliable	markers	of	

vegetable	 intake(8).	 Consequently,	 the	 association	 observed	 between	 DVI	 and	 plasma	

carotene	and	lycopene	levels,	provides	additional	evidence	confirming	that	vegetable	intake	

is	 one	 of	 the	main	 elements	 that	 contributes	 to	 increasing	 the	 dietary	 variety	 of	 Spanish	

children.		

	

The	total	intake	of	fat,	lipids	and	olive	oil	was	higher	in	the	upper	tertile	of	dietary	variety.	In	

any	case,	 the	quality	of	 the	fat	consumed	was	somewhat	better	 in	Spanish	children	with	a	

more	varied	diet.	These	children	showed	a	lower	consumption	of	saturated	fatty	acids	and	a	

higher	 consumption	 of	 unsaturated	 fatty	 acids(40).	 In	 spite	 of	 these	 observations,	 the	

plasma	lipid	profile	in	the	children	with	a	more	varied	diet	was	not	clearly	more	healthy.	This	

contrasts	 with	 the	 notable	 improvement	 in	 lipid	 profile	 seen	 in	 a	 previous	 study	 of	 the	

elderly	population,	particularly	when	the	index	used	only	considered	the	variety	of	fruit	and	

vegetable	 	 intake(4).	 On	 the	 other	 hand,	 salt	 intake	 showed	 a	 negative	 correlation	 with	

dietary	variety,	a	previously	observed	phenomenon(7).	The	excess	of	salt	 intake	of	Spanish	

children	 and	 adolescents(13,	 38,	 43)	 could	 be	 related	 to	 the	 high	 blood	 pressure	 values	

observed	 in	 this	 population(2)	 and	 the	 elevated	 prevalence	 of	 hypertension	 among	 the	



	
middle	age	population(3).	Therefore,	 in	 this	specific	aspect,	 the	promotion	of	a	varied	diet	

could	 contribute,	 although	 very	 modestly,	 to	 controlling	 an	 important	 cardiovascular	 risk	

factor.		

	

Summing	 up,	 our	 results	 show	 that	 dietary	 variety	 tends	 to	 be	 associated	 with	 a	 better	

nutritional	 profile	 in	 Spanish	 children.	 Nevertheless,	 we	 should	 be	 cautious	 when	making	

recommendations,	 since	 our	 results	 show	 a	 positive	 association	 between	 DVI	 and	 energy	

intake	 (including	 a	 parallel	 correlation	 with	 consumption	 of	 sausages	 and	 pre-cooked	

products),	and	this	could	lead	to	possible	overweight	and/or	obesity.	In	this	sense,	we	share	

the	 general	 concern	 about	 the	 potential	 risks	 of	 a	 varied	 diet	 in	 populations	 with	

predominant	 intake	 of	 high-calory	 foods.	 We	 are	 in	 agreement	 with	 the	 basic	

recommendation	 towards	 a	 varied	 diet	 with	 respect	 to	 healthy	 foods,	 such	 as	 cereals	

(especially	whole	grains),	fruits,	and	vegetables(36,	48).	
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