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Introduction 
 

Micronutrient deficiency is an alarming 

public health problem; it undermines the 

health, development, and academic potential 

of millions of children and adolescents 

globally (FAO, 2002). All around the world 

about 60–80 per cent of the adolescents have 

been facing micronutrient deficiency. In India 

alone more than 50 per cent of adolescent 

girls and 30 per cent of adolescent boys are 

iron deficient; the situation is worst in some 

states like Uttar Pradesh, Bihar, Rajasthan,  

 

 

 

 

 

 

 

 

 
 

Orissa, Jharkhand and many more. 

Adolescent girls in Chennai and Tamil Nadu 

were found to be affected by severe (6%), 

moderate (35%) and mild (38%) type of 

anemia (Premalatha et al., 2012). 

Micronutrients play a crucial role in the 

development and maintenance of good health. 

Adolescents, at the peak of their growth 

velocity require a large quantity of 

micronutrients. The increment in skeletal 

mass, body size and body density, associated 
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Dietary diversity (DD) has been identified as a potentially useful indicator of micronutrient 

status. Adolescents eating less number of food groups may be at the risk of nutritional 

deficiency. This study was aimed to determine the dietary diversity in the diets of 

adolescents and to find its correlation with the probability of adequacy of five 

micronutrients. Two hundred adolescents (13-17y) were selected randomly from the rural 

Govt. Senior Secondary School of Dhanger and urban Govt. Senior Secondary School 

Fatehabad, Haryana. To reflect the dietary diversity, two variables were calculated for each 

individual: Dietary Diversity Scores (DDS) and Food Variety Scores (FVS). Total food 

items consumed on two non-consecutive days were categorized into 13 food groups. The 

DDS was then calculated as the sum of all food groups consumed by an individual. The 

total score could range from 0 to 13. Probabilities of adequacy (PA) of five micronutrients 

i.e. for vitamin A, vitamin C, calcium, iron and zinc was calculated based on the Estimated 

Average Requirement (EAR). Scores for DDS and FVS did not range to the highest 

possible score. Mean value of DDS was 6.46 (± 1.05). The theoretical range was 1 to 13, 

while in the sample it varied from 4 to 8. The mean probability of adequacy across five 

micronutrients among rural adolescents was 57 per cent which was 49 per cent in the urban 

adolescents. The diets of boys and urban adolescents were more diversified though the 

limit was not reached to the possible maximum ranges. Adolescents should be educated 

and motivated to eat all group fruits and vegetables. 
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with pubescence, highlights the role of micro 

nutrients along with the macro nutrients in the 

growth process. Irrespective of food 

availability, low bio-availability of nutrients, 

poor hygiene and drinking water, parasitic 

infections and faulty eating habits might be 

the constraints against low micronutrient 

status of adolescents in India. Micronutrient 

deficiency can have long term consequences 

such as impaired behavioral and brain 

development, depression, delayed sexual 

maturation and loss of final adult height.  

 

Dietary diversity (DD), which is defined as 

the number of food groups consumed over a 

reference period has been identified as a 

potentially useful indicator of micronutrient 

status (Arsenault et al., 2013; Nguyen et al., 

2013). Along with micronutrient status it is 

also correlated with macronutrient intakes as 

well as various anthropometric measures; 

measurements are simple to collect and easily 

adapted to diet in various settings. They have 

been used to study diet in both early 

childhood and adulthood (Daniels et al., 

2009). The multiple micro nutrients intake is 

reflected through probability of adequacy. At 

individual level, dietary diversity is usually 

reflects the dietary quality (FAO, 2011). 

Dietary diversity appliance has recently 

become the preferred method for studying 

dietary adequacy in developing country like 

India. In a study, association between dietary 

diversity and micronutrient adequacy was 

assessed in the diets of women in 

reproductive age in five countries and found 

that dietary diversity was significantly 

associated with micronutrient adequacy in all 

sites (Arimond et al., 2010). The nutrient 

density in the diet of adolescents is often 

inadequate to achieve increased nutritional 

requirement and therefore escalating the 

diversity of foods provided such as fruits and 

vegetables, egg, meat, poultry and fish is 

recommended to improve micronutrient 

intakes.  

Probability of adequacy (PA) is the likelihood 

that an individual’s intake of one particular 

nutrient is adequate over the given 

requirement distribution. The estimated 

average requirements (EAR) and the standard 

deviation (SD) are used to calculate PA. PA 

takes the distribution of the nutrient intake of 

the population into account and the proportion 

of individuals at risk for inadequate intakes 

can be estimated. DD and PA are strongly 

associated with socio economic factors such 

as family income, family education and 

family occupation. As income increases, the 

possibility that people diversify their diets 

also increases. This is due to the fact that 

varied diets generally are more palatable and 

more pleasant. Research has shown the 

association between dietary diversity and SES 

and food security.  

 

A few studies have scrutinized the 

contribution of individual food groups to 

nutrient adequacy but the role of dietary 

patterns has been rarely examined in either 

children or adolescents (Welch et al., 2009; 

Gao et al., 2006). One such study of young 

adults demonstrated that those who ate 

adequate food groups were more likely to 

have adequate intakes of several important 

nutrients (Song et al., 1996). This study was 

focused on various food group intakes among 

adolescents of rural and urban backgrounds 

and to explore the correlation between dietary 

diversity and probability of adequacy of 

micronutrients.  

 

Materials and Methods 

 

Sample selection 

 

This study was carried out in Fatehabad 

district of Haryana State. Two hundred school 

going adolescents (13-17y) were selected 

randomly from the rural Govt. Senior 

Secondary School of Dhanger village, 

Fatehabad and urban Govt. Senior Secondary 
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School of Fatehabad city. The proportion of 

male and female students was assigned equal 

while selecting the respondents. 

 

Dietary diversity  
 

To reflect the dietary diversity, two variables 

were calculated for each individual: Dietary 

Diversity Scores (DDS) and Food Variety 

Scores (FVS). Thirteen food groups were 

created following the methodology used in 

another study (Arimond et al., 2007). The 

information on dietary intake among 

adolescents was collected using 24 h recall 

method. 

 

Food groups 

 

The food groups created for calculating 

dietary diversity score in this study were: 1. 

All starchy staples; 2. All legumes and nuts; 

3. All Dairy; 4. Organ meat; 5. Eggs; 6. Small 

fish eaten whole with bones; 7. All other flesh 

foods and miscellaneous, small animal 

protein; 8. Vitamin A-rich dark green leafy 

vegetables; 9. Vitamin A-rich deep yellow, 

orange and red vegetables; 10. Vitamin A-rich 

fruits; 11. Vitamin C-rich vegetables; 12. 

Vitamin C-rich fruits; and 13. All other fruits 

and vegetables. Other food items like fats and 

oils, sugars, and other beverages were not 

taken into account because they only 

contribute to energy intake and not to 

micronutrient intake.  

 

Dietary diversity scores and food variety 

scores  
 

When food items within a food group were 

consumed by a subject during the two recall 

days, this food group received a score of one 

point for DDS. When no food items within a 

food group were eaten a score of 0 was given. 

DDS increases with length of recall period. 

The DDS was then calculated as the sum of 

all food groups consumed by an individual. 

The total score could range from 0 to 13. To 

calculate FVS, all food items consumed by 

the subjects during the two recall days were 

counted and summed. The food items that 

were categorized in the 13 food groups were 

taken into account for this calculation. The 

total score of FVS was ranged from 0 to 83 in 

present study. 

 

Nutrient adequacy  

 

Probabilities of adequacy (PA) of five 

micronutrients i.e. for vitamin A, vitamin C, 

calcium, iron and zinc was calculated based 

on the Estimated Average Requirement 

(EAR). PA was calculated by the equation 

PA= [(observed individual intake - 

EAR)/Standard Deviation] using function 

CDFNORM, where CDFNORM is the 

statistical function from SPSS that calculates 

the probability. Mean probability of adequacy 

(MPA) was calculated as the sum of 

probabilities of 5 micronutrients. 

 

Statistical analysis 

 

Statistically data was analyzed using SPSS 

statistical package (version 14.0) for 

windows. Bivariate (Pearson) correlations 

were conducted to explore the relationship 

between DDS and FVS and probability of 

adequacy of micronutrients (adjusted for 

energy intake, age, sex and socio economic 

status (SES) proxies). 

 

Results and Discussion 

 

Dietary diversity score and food variety 

score 

 

Scores for DDS and FVS did not range to the 

highest possible score. Mean value of DDS 

was 6.46 (± 1.05). The theoretical range was 1 

to 13, while in the sample it varied from 4 to 

8. Eighty one different food items were 

reported to be eaten by the adolescents during 
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the survey period. Mean FVS was 16.45 (± 

2.85), with a minimum intake of 6 and a 

maximum of 24. Area-wise comparison 

showed that urban adolescents had 

significantly (p<0.01)) higher scores of 

dietary diversity and food variety than rural 

adolescents (Table 1). The dietary diversity 

score and food variety score of urban 

adolescents was 6.92 and 17.36, respectively 

while the diversity score and food variety 

score of rural adolescents was 6.01 and 15.68, 

respectively. Gender-wise comparison 

showed that boys had more scores of dietary 

diversity and food variety than girls however 

a non significant difference for dietary 

diversity score but significant difference for 

food variety score was observed (Table 1). 

The dietary diversity score and food variety 

score of boys was 6.57 and 17.29, 

respectively while the diversity score and 

food variety score of girls was 6.36 and 15.60, 

respectively. 

 

Probability of adequacy of micronutrients 

 

In general, all the estimates of probability of 

adequacy for micronutrients ranged low. 

Intakes of iron had the lowest (30%) while 

intakes of calcium had the highest (70%) 

probability of adequacy followed by the 

vitamin A (61%), zinc (54%) and vitamin C 

(51%). The mean probability of adequacy 

across 5 micronutrients was 53 percent (Table 

2).  

 

The mean probability of adequacy across five 

micronutrients among rural adolescents was 

57 per cent which was 49 per cent in the 

urban adolescents. Area-wise comparison of 

probability of adequacy among adolescents 

indicated that rural adolescents had the 

significantly (p<0.01) higher probability of 

adequacy of vitamin A whereas the 

probability of adequacy of iron was 

significantly (p<0.01) higher in urban 

adolescents (Table 2). The mean probability 

of adequacy across five micronutrients of 

boys was 60 per cent which was 46 percent in 

girls. Gender-wise comparison of probability 

of adequacy among adolescents indicated that 

boys had the significantly (p<0.01) higher 

probability of adequacy of calcium, zinc and 

mean probability of adequacy across 5 

micronutrients (Table 2).  

 

Pearson’s correlations coefficients of dietary 

diversity scores and adequacy of 

micronutrient were significant for probability 

of adequacy of iron, vitamin C, vitamin A, 

and mean probability of adequacy (r=0.38, 

r=0.25, r=0.28 and r=0.28 respectively; 

p<0.01). The association of iron, vitamin C 

and mean probability of adequacy were 

increased after adjusting for income and 

association of vitamin A were decreased after 

adjusting for protein intake. The rest 

associations remained unchanged but 

significant after adjusting for protein intake, 

energy intake, age, gender and income (Table 

3). 

 

Pearson’s correlations coefficients of food 

variety scores and adequacy of micronutrient 

were significant for probability of adequacy 

of calcium, iron, vitamin C, zinc, vitamin A, 

and mean probability of adequacy (r=0.19, 

r=0.31, r=0.27, r=0.23, r=0.27and r=0.15 

respectively; p<0.01). The association of iron 

and vitamin A were increased after adjusting 

for income and association of vitamin A were 

decreased after adjusting for protein intake. 

The rest associations remained unchanged but 

the effect was not significant after adjusting 

for energy intake, age, gender and income 

(Table 4). 

 

Regarding the consumption of different food 

groups, none of the adolescents had consumed 

organ meat, small fish eaten whole with bones 

and all other flesh foods and miscellaneous 

small animal protein as majority of the 

respondents were vegetarian. 
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Table.1 Area-wise and gender-wise comparison of DDS
1
 and FVS

2 

 

 DDS
1
 

(13 sub food groups) 

FVS
2
 

(83 sub food items) 

Total (200) 6.46 ± 1.05 16.45 ± 2.85 

Area-wise Rural (100) 6.01 ± 1.03 15.68 ± 2.36 

Urban (100) 6.92 ± 0.86 17.36 ± 2.59 

t-value 3.74
**

 4.79
**

 

Gender-wise Boys (100) 6.57 ± 1.15 17.29 ± 2.72 

Girls (100) 6.36 ± 0.93 15.60 ± 2.74 

t-value 1.41
NS

 4.35
**

 
Values are mean ±SD;

 1
Dietary diversity score: min: 4, max: 8; 

**
 Significant at 1% level; 

2
Food variety score: min: 

6, max: 24  

 

Table.2 Area-wise comparison of probability of adequacy of micronutrients among adolescents 

 

Micronutrients  Total (200) Rural (100) Urban (100) t-value 

Calcium 0.70±0.52 0.79±0.54 0.60±0.51 1.04
NS

 

 Iron 0.30±0.24 0.22±0.19 0.38±0.26 3.46
**

 

Vitamin C 0.51±0.26 0.48±0.25 0.53±0.27 0.18
NS

 

Zinc 0.54±0.24 0.57±0.23 0.50±0.26 0.60
NS

 

Vitamin A 0.61±2.88 0.79±2.64 0.44±3.10 3.30
**

 

Mean 0.53±0.34 0.57±0.34 0.49±0.46 1.04
NS

 

Mean micronutrient intake over 2 days 

Values are mean SD 
**

 Significant at 1% level 

 

Table.3 Correlation between probability of adequacy of micronutrients and DDS
1
  

(Controlled for protein intake, energy intake, sex, age and income) 

 

 

Micronutrients 

DDS 

Uncontrolled Controlled 

for protein 

intake 

Controlled 

for energy 

intake 

Controlled 

for gender 

Controlled 

for age 

Controlled 

for income 

Calcium 0.17 0.05 0.07 0.07 0.07 0.05 

Iron 0.38
**

 0.38
**

 0.38
**

 0.38
**

 0.38
**

 0.42
**

 

Vitamin C 0.25
**

 0.25
**

 0.25
**

 0.25
**

 0.25
**

 0.28
**

 

Zinc 0.09 0.07 0.09 0.09 0.09 0.09 

Vitamin A 0.28
**

 0.25
**

 0.28
**

 0.28
**

 0.28
**

 0.28
*
 

Mean 0.28
**

 0.28
**

 0.28
**

 0.28
**

 0.28
**

 0.38
**

 
*
Significant at 5% level 

**
Significant at 1% level 

1
 Dietary diversity score 
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Table.4 Correlation between probability of adequacy of micronutrients and FVS
1
  

(Controlled for protein, energy, sex, age and income intake) 

 

  

Micronutrients 

FVS 

Uncontrolled Controlled 

for 

protein 

Controlled 

for energy 

Controlled 

for sex 

Controlled 

for age 

Controlled 

for income 

 Calcium 0.19
**

 0.11 0.13 0.00 0.01 0.05 

 Iron 0.31
**

 0.31
**

 0.31 0.31 0.31 0.38
**

 

 Vitamin C 0.27
**

 0.10 0.10 0.10 0.10 0.15 

 Zinc 0.23
**

   0.08 0.11 0.11 0.11 0.11 

 Vitamin A 0.27
**

 0.23
**

 0.27 0.27 0.27 0.32
*
 

 Mean 0.15 0.15 0.15 0.15 0.15 0.15 
*
Significant at 5% level 

**
Significant at 1% level; 

1
 Food variety score 

 

Fig.1 Gender-wise comparison of probability of adequacy of micronutrients among adolescents 

 

 
 

All of the adolescents consumed starchy 

staples and dairy products. All legumes and 

nuts were consumed by 94.5 per cent of the 

adolescents. Vitamin C-rich vegetables, β-

carotene rich dark green leafy vegetables, all 

other fruits and vegetables, vitamin C-rich 

fruits, β-carotene rich deep yellow, orange 

and red vegetables, β-carotene rich fruits were 

taken by 60, 57.5, 54, 33, 16.5 and 14.5 per 

cent of the students, respectively. Potts and 

Potts (2014) observed that majority (48.23%) 

of the preschool children consumed food 

items from 4 food groups. A smaller percent 

of the sample, 19.15 per cent, consumed ≤ 3 

food groups therefore indicating low dietary 

diversity. Only 6.15 per cent of the 

participants consumed a diversified diet from 

the six food groups; while 26 per cent 

consumed food items from five food groups. 

Fruits, vegetables and legumes were the food 
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groups least consumed by the preschoolers. 

Food groups such as staples, dairy products 

and animal flesh foods were highly consumed 

by most of the participants. Highest number 

of food items consumed by this population 

was seventeen. Six to12 food items were 

consumed by most (83.69%) of the children. 

A mean FVS of 9.37±2.45 (range 2 to 17) was 

obtained. A cross-sectional survey was 

conducted among 232 children (5-8 years) of 

Hisar, Haryana using a 24 h recall. Food 

variety score (FVS) and Dietary diversity 

score (DDS) were calculated. Mean value of 

DDS was 6.5. Seventy-eight different food 

items were reported to be eaten by the 

children during the registration period. Mean 

FVS was 12.2. A cross-tabulation of DDS 

against the individual food groups was done 

to provide a picture of how diets diversify. 

Diets continue to diversify as scores increase 

(Rani et al., 2010).  

 

In general, all the estimates of probability of 

adequacy for micronutrients ranged low. 

Intakes of iron had the lowest (30%) while 

intakes of calcium had the highest (70%) 

probability of adequacy followed by the 

vitamin A (61%), zinc (54%) and vitamin C 

(51%). The mean probability of adequacy 

across 5 micronutrients was 53 percent (Table 

2). The rural adolescents had the significantly 

(p<0.01) higher probability of adequacy of 

vitamin A whereas the probability of 

adequacy of iron was significantly (p<0.01) 

higher in urban adolescents. The boys had the 

significantly (p<0.01) higher probability of 

adequacy of calcium, zinc and mean 

probability of adequacy across 5 

micronutrients (Figure 1). The DDS and FVS 

were positively associated with probability of 

adequacy of micronutrients in present study. 

The contribution of food groups and 

subgroups to micronutrient adequacy depends 

on several factors and nutrient composition of 

the individual foods in a group or subgroup, 

the mix of foods eaten within the food group 

or subgroup, the amount of each consumed, 

and the correlation of intakes within and 

between food groups. For example, whole 

grain consumption might be correlated with 

fruit consumption among individuals focusing 

on a healthy diet while higher red meat intake 

might be correlated with consumption of 

starchy vegetables (e.g., French fries) in other 

individuals. Thus, correlated eating patterns 

may obscure the true nutrient contribution of 

individual foods or food groups. To address 

this issue, we constructed simple eating 

patterns that reflected the different ways in 

which foods may be eaten. 

 

In our study, Pearson’s correlations 

coefficients of dietary diversity scores and 

adequacy of micronutrient were significant 

for probability of adequacy of iron, vitamin C, 

vitamin A, and mean probability of adequacy 

(r=0.38, r=0.25, r=0.28 and r=0.28 

respectively; p<0.01). The association of iron, 

vitamin C and mean probability of adequacy 

were increased after adjusting for income and 

association of vitamin A were decreased after 

adjusting for protein intake. The lack of 

association between DDS and the nutrient 

adequacy measures of calcium, vitamin A, 

and zinc might be due to insufficient amounts 

consumed of foods containing these nutrients. 

FVS was significantly and stronger correlated 

with mean PA and mean MPA for all 

micronutrients, confirming other studies in 

different countries (Mali: r=0.33) (Hatloy et 

al., 1998). However, a study done among 

Kenyan women found no association between 

FVS and nutrient adequacy measures 

(Diujzer, 2008). When the correlation 

coefficients of DDS and adequacy of 

micronutrient were controlled for protein 

intake, energy intake, age gender and income 

the association of iron, vitamin C and mean 

probability of adequacy were increased after 

adjusting for income and association of 

vitamin- A were decreased after adjusting for 

protein intake suggesting that income and 
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protein intake might have some influence in 

this association. There was a significant 

relationship between the DDS and economic 

situation. Hatloy et al., (1998) found no 

correlation between FVS and DDS with 

adequacy of micronutrients in children aged 

13-58 months. However, other studies did 

find a positive and significant association 

between food group diversity and 

micronutrient adequacy (Rani et al., 2010; 

Kennedy et al., 2010; Moore et al., 2012).  

 

In this study a low dietary diversity was 

observed among adolescents. The diets of 

boys and urban adolescents were more 

diversified though the limit was not reached 

to the possible maximum ranges. Dietary 

diversity as the best indicator of probability of 

adequacy has been proven through this study 

since the probability of adequacy across five 

micronutrients was increased with the 

increasing dietary diversity in the diets of 

adolescents. Consumption of fruits and 

vegetable are important food groups in adding 

variety to the starchy diets therefore 

adolescents should be educated and motivated 

to eat all group fruits and vegetables. 
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