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one of them is assessing the nutritional quality of the diet 
which has an important role for health situations, and 
it summarizes diet in a broader manner than any single 
nutrient or food.[8] Assessing of dietary quality should 
be simple and practical,[9] so the Index of Nutritional 
Quality (INQ) is a suitable method which plays an 
important role in the assessment of clinical nutritional 
problem. This method analyzes quantitatively and 
qualitatively single foods, meals, and diets. The INQ is 
a ratio of the nutrient‑to‑calorie content of foods, which 
it can be shown as bar graphs and tabular data.[10,11]

We conducted this study to determine the relationship 
between INQ scores and nutrients intake and risk of UC 
in a case–control study.

INTRODUCTION

Ulcerative colitis (UC) is a chronic inflammatory 
bowel disease with multifactorial etiologies of genetics 
immunity and environmental factors. Potentially, 
environmental factors influence on disease incidence 
and include breastfeeding, use of antibiotic in infancy, 
stress in life, diet, and lifestyle.[1] Epidemiological 
studies showed that environmental factors, especially 
dietary factors, play an important role in the incidence 
and development of UC.[2‑6] It has been shown that diet 
and dietary factors influence the intestinal microbiome, 
epithelial function, and mucosal immune system.[7] 
There are several methods for analyzing dietary data, 
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MATERIALS AND METHODS

Participants
Details of the study have been reported previously.[12] 
Overall, 62 new cases of UC and 124 healthy controls 
were included in the study. The study protocol was 
approved by our local Ethics Committee. The study 
protocol has published elsewhere.[12] Dietary intakes of the 
participants over the past year were assessed using a valid 
and reliable Food Frequency Questionnaire (FFQ).[13] The 
study protocol was approved at the Ethics Committee of 
National Nutrition and Food Technology Institute, Shahid 
Beheshti University, Tehran, Iran, with Ethics number of 
NNFTRI‑523.

Assessment of Index of Nutritional Quality
The INQ is a ratio of the nutrient‑to‑calorie content of 
foods.[14] The number of nutrients and the nutrient standards 
used for analysis are flexible parameters, which may be 
varied for each clinical situation. Illustrative examples 
include INQ analysis of simple foods, an institutional house 
diet, the diabetic exchange list, and the diagnostic evaluation 
of the dietary intake of a hospitalized patient.[15]

We calculated the INQ of each nutrient, using the following 
formulae: INQ = consumed amount of a nutrient per 1000 
kcal/recommended dietary adequate or adequate intake 
of that nutrient per 1000 kcal. FFQ‑derived dietary data 
were used to calculate INQ scores for all the participants. 
Nutrients’ intake was calculated using USDA food 
composition table. Major food items that were used in 
the calculation of INQ were as follows: protein, Vitamins 
A, D, K, E, iron, thiamin, riboflavin, niacin, folate, biotin, 
pantothenic acid, Vitamins B6 and B12, magnesium, 
copper, selenium, and manganese.

Statistical analysis
Chi‑square or Fisher’s exact test was used for the 
comparison of categorical variables between groups. 
Before choosing the statistical test, the normality of 
their distribution for each variable was tested using 
the Kolmogorov–Smirnov test. Then, the independent 
samples t‑test or Mann–Whitney U‑tests were used 
for the comparison of the continuous variables with 
normal and nonnormal distribution between groups, 
respectively. Age‑adjusted and multivariable‑adjusted 
logistic regression models were used to estimate odds 
ratios (ORs) and 95% confidence intervals (CIs) of having 
UC in relation to each nutrient’s INQ. Adjustments 
were done for age, gender, body mass index, education, 
smoking, Helicobacter pylori infection, family history of UC, 
appendectomy, alcohol consumption, and total energy 
intake in the adjusted models.

RESULTS

The distribution of demographic characteristics across 
cases (n = 62) and controls (n = 124) is shown in Table 1. 
Quantitative and qualitative variables are shown as 
mean ± standard deviation and number (%), respectively. 
Cases had a more history of appendectomy and H. pylori 
infection compared to controls. Table 2 shows the 
distribution of dietary intakes of macro‑micronutrients 
across cases and controls. As presented in this table, cases 
had higher intake of total energy (2902.29 ± 643.25 vs. 
2590.83 ± 585.24), protein (100.79 ± 33.43 vs. 88.49 ± 23.82), 
carbohydrate (381.54 ± 86.25 vs. 353.25 ± 88.05), total 
fat (113.81 ± 34.95 vs. 96.92 ± 25.46), saturated fatty 
acid (SFA, 32.92 ± 11.83 vs. 28.19 ± 9.78), monounsaturated fatty 
acid (MUFA, 39.17 ± 12.73 vs. 32.43 ± 8.27), polyunsaturated fatty 
acid (PUFA, 26.02 ± 9.06 vs. 23.01 ± 7.08), niacin (29.81 ± 9.29 vs. 
26.70 ± 7.99), Vitamin B6 (2.09 ± 0.55 vs. 1.92 ± 0.56), Vitamin 
B12 (6.61 ± 6.46 vs. 4.77 ± 2.83), magnesium (434.79 ± 103.19 vs. 
399.27 ± 106.77), zinc (14.55 ± 5.29 vs. 12.12 ± 3.45), 
copper (2.12 ± 0.70 vs. 1.87 ± 0.56), selenium (132.19 ± 36.72 vs. 
120.19 ± 36.08), and iron (20.08 ± 4.96 vs. 18.31 ± 5.03) 
compared to controls. There was no significant difference 
between groups in terms of Vitamins A, D, E, K, and C, 
thiamin, riboflavin, folate, biotin, pantothenic acid, and 
manganese and calcium intake. Comparison of the INQ 
of the subjects is shown in Table 3. According to this table, 
the INQ of Vitamin C (1.30 ± 0.58 vs. 1.05 ± 0.43), Vitamin 
D (1.08 ± 0.80 vs. 0.86 ± 0.68), folate (1.14 ± 0.18 vs. 1.06 ± 0.17), 
and Biotin (0.81 ± 0.25 vs. 0.73 ± 0.22) are higher in controls 
compared to cases. Table 4 shows ORs and 95% CI for the 
association between INQ and UC. After controlling for several 
covariates, inverse associations were observed between 
UC risk and INQs of Vitamin C (OR = 0.34 [0.16–0.73]) and 
folate (OR = 0.11 [0.01–0.99]).

Table 1: Distribution of demographic characteristics 
across cases and controlsa

Characteristics Mean±SD or n (%)
Cases (n=62) Controls (n=124) P a,b

Age (years) 37.43±13.55 36.23±11.85 0.53
Sex

Males 27 (44) 54 (44) 1
Females 35 (56) 70 (56)

BMI (kg/m2) 24.81±4.07 25.68±3.68 0.15
Education

Primary 7 (11) 6 (5) 0.17
Secondary and 
high school

28 (45) 69 (55)

University 27 (43) 49 (40)
Smoking 6 (10) 10 (8) 0.71
Helicobacter pylori 7 (11) 1 (0.8) <0.0001
Family history 2 (3) 0 (0) 0.11
Appendectomy 4 (6) 0 (0) <0.0001
aIndependent samples t-test was used for continuous variables; bChi-square test was 
used for categorical variables. BMI=Body mass index; SD=Standard deviation



Vahid, et al.: INQ and UC

Journal of Research in Medical Sciences | 2018 |3

DISCUSSION

This study is the first one to examine the association 
between INQ and UC risk. Our results showed inverse 
associations between UC risk and INQs of Vitamin C and 
folate. In addition, this case–control study showed that 
UC patients had a higher intake of total energy, protein, 
carbohydrate, total fat, SFA, MUFA, and PUFA compared 
to controls. These results were in agreement with studies, 
in which associations were observed between high total 
protein intake with a significantly increased risk of UC.[16] 
However, some studies have found no association between 
energy, protein and carbohydrate intake, and UC risk.[17] In 
addition, similar previous studies have shown that there is 
a positive association between UC risk and intakes of total 
fat, SFA, PUFA, and MUFA.[12] In contrast, in the Nurses’ 
Health Study, intakes of total fat, SFA, and PUFA were not 
associated with risk of UC.[18] Furthermore, a meta‑analysis 
study suggested a lack of association between fat intake 
and UC risk.[19]

We found that UC patients’ intake of Vitamin B6 and B12, 
magnesium, zinc, selenium, and iron were significantly 
higher compared to controls. In contrast, other studies 
reported that there is inverse association between UC risk 
and intakes of Vitamins B12 and B6,[20] zinc,[21] selenium,[22] 
iron,[23] and magnesium,[24] which this conflict could be 
due to a host of different reasons such as difference in 
methodology and residual confounding.

Different tools were used to analyze diet quality to evaluate 
the daily nutrition and the food intake status of patients. 
INQ is one of these methods for assessing dietary data; the 
nutritional quality of the diet, which plays an important role 
in assessing the clinical nutritional problem. In the present 
study, when we use the INQ instead of absolute intakes, there 
were fewer differences between groups in dietary intakes. 
In addition, this method summarized diet in a broader 
manner than any single nutrient or food. Micronutrients 
such as Vitamin C and folate play an important role in the 
prevention of UC.[25] These vitamins alter the bowel flora 
and have an immune‑modulatory effect through several 
mechanisms.[26] Reactive oxygen species (ROS) and other 
indices such as nitrogen species generated by inflammatory 
cells in damaged tissues.[27] An imbalance in the production 
of ROS and antioxidant components may play an important 
role in the pathogenesis of UC.[28] The presence of Vitamin 
C as an antioxidant component prevents oxidative injury in 
the inflamed mucosa and increases antioxidant defense that 
may be decreased susceptible to oxidative tissue damage in 
UC pathogenesis.[29] Epigenetic regulation, through DNA 

Table 2: Distribution of dietary intakes of 
macro-micronutrients across cases and controlsa

Mean±SD
Cases (n=62) Controls (n=124) P

Total energy intake 
(kcal/day)

2902.29±643.25 2590.83±585.24 <0.0001

Protein (g/day) 100.79±33.43 88.49±23.82 <0.0001
Carbohydrate (g/day) 381.54±86.25 353.25±88.05 <0.0001
Total fat (g/day) 113.81±34.95 96.92±25.46 <0.0001
SFA (g/day) 32.92±11.83 28.19±9.78 <0.0001
MUFA (g/day) 39.17±12.73 32.43±8.27 <0.0001
PUFA (g/day) 26.02±9.06 23.01±7.08 <0.0001
Vitamin A (RAE/day) 773.88±593.73 682.23±332.43 0.17
Vitamin D (ug/day) 1.90±1.63 2.09±1.54 0.43
Vitamin E (mg/day) 18.73±8.41 17.54±6.85 0.33
Vitamin K (ug/day) 177.25±90.20 161.97±101.03 0.29
Vitamin C (mg/day) 126.34±53.98 139.46±70.25 0.16
Thiamin (mg/day) 2.34±0.53 2.21±0.66 0.12
Riboflavin (mg/day) 2.41±0.74 2.24±0.66 0.14
Niacin (mg/day) 29.81±9.29 26.70±7.99 <0.0001
Vitamin B6 (mg/day) 2.09±0.55 1.92±0.56 <0.0001
Folate (ug/day) 609.94±128.71 591.53±159.92 0.39
Vitamin B12 (ug/day) 6.61±6.46 4.77±2.83 <0.0001
Biotin (ug/day) 31.16±10.14 31.60±11.76 0.79
Pantothenic acid 
(mg/day)

5.72±1.65 5.30±1.46 0.09

Mg (mg/day) 434.79±103.19 399.27±106.77 <0.0001
Mn (mg/day) 6.80±1.71 6.32±2.03 0.09
Zinc (mg/day) 14.55±5.29 12.12±3.45 <0.0001
Cu (ug/day) 2.12±0.70 1.87±0.56 <0.0001
Selenium (ug/day) 132.19±36.72 120.19±36.08 <0.0001
Iron (mg/day) 20.08±4.96 18.31±5.03 <0.0001
Calcium (mg/day) 1173.44±372.58 1153.67±353.37 0.72
aIndependent samples t-test was used. SAFA=Saturated fatty acids; 
MUFA=Monounsaturated fatty acids; PUFA=Polyunsaturated fatty acids; SD=Standard 
deviation

Table 3: Comparison of the Index of Nutritional Quality 
of the subjectsa

Mean±SD
Cases (n=62) Controls (n=124) P

Protein 1.49±0.28 1.48±0.21 0.76
Vitamin A 0.65±0.46 0.66±0.31 0.87
Vitamin C 1.05±0.43 1.30±0.58 <0.0001
Fe 1.73±0.22 1.76±0.24 0.56
Vitamin D 0.86±0.68 1.08±0.80 <0.0001
Vitamin E 0.87±0.41 0.93±0.40 0.32
Thiamin 1.36±0.22 1.41±0.23 0.21
Riboflavin 1.38±0.26 1.44±0.28 0.17
Niacin 1.36±0.24 1.36±0.22 0.93
Vitamin B6 1.12±0.21 1.14±0.20 0.53
Folate 1.06±0.17 1.14±0.18 <0.0001
Vitamin B12 1.69±1.22 1.53±0.81 0.33
Biotin 0.73±0.22 0.81±0.25 <0.0001
Pantothenic acid 0.79±0.18 0.82±0.17 0.36
Vitamin K 1.19±0.60 1.25±0.87 0.60
Magnesium 0.82±0.16 0.83±0.14 0.52
Zinc 1.04±0.25 0.98±0.17 0.10
Manganese 2.43±0.74 2.45±0.64 0.83
Selenium 1.66±0.33 1.67±0.28 0.90
Copper 1.63±0.41 1.60±0.28 0.57
aIndependent samples t-test was used. SD=Standard deviation
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methylation, has an important role in the protection from 
diseases such as UC.[30] However, there is little information 
about the role of nutrition in the epigenetic regulation 
of UC;[7] folate has an essential role in the synthesis, 
methylation, and repair of DNA that prevents from the 
alternation of gene expression and increased DNA damage 
and UC development.[31]

This study has several strengths; the present study is the first 
one to report the association between INQ and UC risk. In 
addition, assessment of dietary quality by the INQ is simple 
and accurate in comparison to other methods because it 
adjusts the effects of energy intake. Another strength of this 
study is the use of a valid and reliable FFQ[24] for assessing 
food and nutrient intakes. Finally, the selection of controls 
was carefully and they had not situation related to diet or 
other major risk factors associated with UC.

This study had some limitations. Since we used an FFQ, 
measurement errors were inevitable. Other limitations 
include relatively low sample size and recall bias due to its 
case–control design. In addition, use of INQ is one of the 
limitations. We calculated INQ based on Dietary Reference 
Intake (DRI) and since there is not DRI for all nutrients or food 
items, so INQ cannot be calculated for all of them. Therefore, 

it is possible that the potential effects of these nutrients or 
food items on UC have been ignored in the present study.

CONCLUSION

Our findings suggest that enough intake of Vitamin C and 
folate was associated with lower risk of UC. Therefore, 
public health advice should emphasize the importance of 
increasing intake of these nutrients from a nutrient‑rich 
diet for prevention of UC. These findings need to be 
confirmed in other populations with high methodological 
quality.
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