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Summary. Background: Some evidence showed that dietary diversity score (DDS), a diet quality index, 
was not always related to healthy outcomes. It seems that DDS to energy density ratio (DDS/ED) can 
overcome limitations of DDS.  The aim of current study was to assess the association between either di-
etary DDS or DDS/ED and nutrient intake, anthropometric and biochemical measures in subjects with 
chronic kidney disease (CKD). Methods: Two hundred seventy patients with CKD were randomly se-
lected for this cross-sectional study. Dietary intakes were assessed using a 168-item semi quantitative 
food frequency questionnaire. Moreover, anthropometric indices, lipid profile, blood urea nitrogen (BUN) 
and high sensitivity C-reactive protein were measured. Results: Body mass index (BMI) had a significant 
negative trend across quartiles of DDS and DDS/ED. Also, a negative trend for waist circumference was 
observed across quartiles of DDS/ED. Although the trends of selenium (P<0.01) and niacin (P=0.03) were 
significant across the quartiles of DDS, higher nutrient adequacy ratios for all important nutrients were 
observed among those in the top quartile of DDS/ED compared to the lowest quartile. We observed a sig-
nificant trend of mean adequacy ratio just across quartiles of DDS/ED. Compared with the top quartile of 
DDS/ED (not DDS), the risk of overweight/obesity in the lowest quartiles was higher in adjusted model 
(P<0.001). The trend of the risk of elevated lipid profiles, BUN and hs-CRP across quartiles of DDS/ED 
and quartiles of DDS was not significant. Conclusion: Our results showed that DDS/ED corrected the 
failure of DDS in relation to risk of obesity. Moreover, it was observed that DDS/ED was better indicator 
of nutrient intake in comparison with DDS among patients with CKD. It is suggested that future studies 
use DDS/ED instead of DDS. Also, in clinical practice, dietitians should emphasize on diversity in low 
energy-dense food groups.

Key words: Dietary diversity score, energy density, chronic kidney disease

Progress in Nutrition 2019; Vol. 21, Supplement 1: 86-93   DOI: 10.23751/pn.v21i1-S.5542				                  © Mattioli 1885

O r i g i n a l  a r t i c l e s



The ratio of dietary diversity score versus energy density in relation to anthropometric and biochemical variables among patients with chronic kidney diseases 87

Introduction

Diabetic nephropathy is a prevalent type of 
chronic kidney disease (CKD). Diabetes is known as 
a reason of renal disorders which leads to diabetic ne-
phropathy (1). Diabetic nephropathy, an angiopathy 
in capillaries of glomeruli, is the major kidney-relat-
ed disease induced by diabetes (2). Recommended 
diet for diabetic nephropathic patients and subjects 
with CKD is restriction in protein, phosphorus, po-
tassium and sodium (3). These limitations may af-
fect on nutrient intake and diet quality. Assessment 
of dietary intake in diabetic patients with initial 
nephropathy has been shown that protein and fat 
intake among these patients is higher than recom-
mended amounts (4). Furthermore, the prevalence of 
high degree of malnutrition is high among subjects 
with CKD (5). Moreover, diet quality and nutrient 
intake among diabetic patients should be improved 
essentially (6). So, the quality of diet should be as-
sessed in these patients for the prevention and im-
provement of malnutrition.

Dietary diversity score (DDS) is a suitable index 
to assess diet quality (7). A direct relationship between 
DDS and micronutrient intake was reported previ-
ously (7). Moreover, an inverse association between 
DDS and diabetic risk factors such as obesity (8) and 
metabolic syndrome (9) has been shown in published 
documents. Nevertheless, evidence regarding the rela-
tionship between health outcomes and DDS is contra-
dictory. Some studies reported that high dietary diver-
sity may lead to increased body mass index (BMI) and 
obesity (10, 11). Obesity is considered as a potential 
risk factor for diabetes and progression of kidney dis-
ease (12). Therefore, unfavorable dietary diversity may 
increase the risk of disease progression in patients with 
CKD. Researchers acknowledged that dietary diversity 
in food groups with high fat and sugar content is re-
sponsible for higher energy intake and therefore, direct 
association between DDS and obesity (10). It seems 
that the dietary diversity in energy-dense food groups 
is responsible for direct association between DDS and 
obesity. Although DDS and energy density (ED) are 
inversely associated to each other (7), there has not 
been enough attention to the impact of dietary diver-
sity in energy dense food groups. We hypothesized 

that DDS to ED ratio (DDS/ED) would correct the 
failure of DDS in relation to obesity. According to our 
supposition, DDS/ED might be a good indicator of 
dietary intake among patients with CKD and it would 
show rational relationship with anthropometrical and 
biochemical variables. Therefore, the aim of this study 
was to evaluate the association between either DDS 
or DDS/ED and nutrient intake, anthropometric and 
biochemical measures in patients with CKD.

Research Design and Methods

Subjects

Among diabetic nephropathic patients referred to 
Alzahra University Hospital, nephrology clinics or one 
nutrition clinic in Isfahan, 270 patients with diabetic 
nephropathy were selected for current study using 
convenience sampling method (from July 2010 to June 
2012). To calculate sample size, blood urea nitrogen 
(BUN) was considered as main variable. Mean and 
standard deviation were 22 mg/dl and 5 mg/dl, respec-
tively (13). We included patients with fasting blood 
glucose >126 mg/dL, (or use hypoglycemic agents and 
insulin), proteinuria >300 mg/day and glomerular fil-
tration rate >90 mL/min (14). Diabetic nephropathy 
was diagnosed by a nephrologist. All subjects signed a 
written consent. This study was ethically approved by 
Research Council and Ethical Committee of Isfahan 
University of Medical Science, Isfahan, Iran. 

Dietary assessment

At the first visit, one 168-item semi quantitative 
food frequency questionnaire (FFQ) was filled out 
by trained assistants. Standard serving size of each 
food item was also included in the FFQ. We asked 
participants to report their usual dietary intake dur-
ing previous year. Household measures were used to 
convert reported portion sizes to gram. Reported food 
consumption in the FFQ was converted to gram and 
then nutrient contents were analyzed by Nutrition-
ist IV software (N-Squared Computing, Salem, OR). 
Subjects who overstated or understated dietary intakes 
were excluded (n=30).
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According to the Food Guide Pyramid (US De-
partment of Agriculture Food Guide Pyramid. Wash-
ington, DC: USDA, 1996.) and Haines et al. study 
(15), five major food groups and 23 subgroups were 
considered. Refined bread, biscuits, macaroni, whole 
bread, cornflakes, rice and refined meal were consid-
ered as subgroups of bread/grain group. Fruits were di-
vided into two subgroups (fruit and fruit juice, berries 
and citrus). Seven subgroups for vegetables food group 
(vegetables, potatoes, tomatoes, starchy vegetables, 
legumes, yellow vegetables, green vegetables) and four 
subgroups for meats food groups (red meat, poultry, 
fish, egg) were considered. Cheese, yoghurt and milk 
were determined as subgroups of dairy food group.

According to reported criteria by Food Guide 
Pyramid, who consumed at least one-half serving/day 
of each food group, considered as ‘consumer’. Maxi-
mum diversity score was determined 10 for all groups. 
So, each major group received 2 score points. For cal-
culation diversity score within each group, following 
formula was used: 

DDS within each group = (number of consumed 
subgroups/number of total subgroups) ×2

For instance, DDS of vegetable group for a pa-
tient, who consumed three out of seven defined sub-
groups of vegetables, would be (3/7) ×2 = 0.85. Total 
score was calculated by the sum of computed scores of 
major groups (7).

Energy density (g/kcal) was computed by divid-
ing total weight of consumed foods (except for bever-
ages) by daily energy intake (7).

We calculate nutrient adequacy ratio (NAR) by 
dividing daily intake of a nutrient to dietary recom-
mended intake (16) for it. To estimate mean adequacy 
ratio (MAR), the sum of all calculated NARs divided 
by the number of NARs presented as percentage.

Assessment of other variables

For anthropometric assessments, patients wore 
minimal indoor cloths and removed their shoes. 
Weight was measured by digital scale (Secca. Ham-
burg, Germany) to the nearest 0.1 kg. Height was 
measured by standard tape to the nearest 1 cm. By di-
viding weight (kg) by square of height (m2), BMI was 
calculated. Waist circumference (WC) was measured 

by an inelastic tape and with no pressure. All anthro-
pometric variables were measured by trained assistant. 
BMI≥25 was considered as overweight/obese (17). 
Abdominal obesity among men and women was de-
fined as WC≥102 and WC≥88, respectively (18). So-
cioeconomic status was assessed by questions regard-
ing income, occupation, education, number of family 
members and marriage. Physical activity was measured 
using one-day physical activity record.

Biochemical variables

After 12 hours fasting, a blood sample was ob-
tained from each subject. Drawn samples were cen-
trifuged at 3000×g for 10 min. Triglyceride and total 
cholesterol were measured by enzymatic colorimetric 
tests. To measure high density lipoprotein cholesterol 
(HDL-C), we blocked low density lipoprotein choles-
terol (LDL-C), very low density lipoprotein (VLDL) 
and chylomicrons by antibodies and then, HDL-C was 
assessed by enzymatic measurement of the unblocked 
cholesterol. LDL-C concentration was also meas-
ured by same method. We used Immunoturbidim-
etry method to measure hs-CRP. Blood urea nitrogen 
(BUN) level was assessed by urease containing kits. All 
biochemical kits were provided by Pars Azmoon Inc.

Statistical analysis

Normal distribution of variables was tested by 
Kolmogorov-Smirnov test and histogram curve. All 
statistical analyses were done by IBM Statistical Pack-
age for the Social Sciences (SPSS) Version 20.0 (IBM 
Corp. Released 2011 Armonk, NY: IBM Corp). First, 
second, third and top quartiles of DDS/ED was de-
fined as ≤5.1302, 5.1303-6.5417, 6.5418-8.1975 and 
>8.1976, respectively. First to last quartiles of DDS 
was defined as ≤5.8975, 5.8976-6.2300, 6.2301-6.700 
and >6.701, respectively. Chi-square analysis was used 
to test the difference in qualitative variables across 
quartiles of independent (DDS/ED and DDS) vari-
ables. To find a statistical difference in quantitative 
variables across quartiles of DDS/ED and quartiles 
of DDS, we used one-way analysis of variance. Mul-
tiple logistic regression was run to calculate odds ratio 
(OR) of overweight/obesity, elevated BUN, hs-CRP 
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and abnormalities in lipid profiles across quartiles of 
DDS/ED and quartiles of DDS. Obesity and abdomi-
nal obesity were defined as BMI≥25 kg/m and waist 
circumference≥99.5 or ≥94.25 cm for men and women, 
respectively (19). As the range of TC was high among 
the majority of subjects (178-298 mg/dl), TC>median 
was considered as high TC. Triglyceride ≥150 mg/dl, 
LDL ≥130 mg/dl and BUN ≥21 mg/dl were used for 
classifying subjects to calculate OR. Although high 
hs-CRP was defined as hs-CRP>3 mg/dl (20), the 

measured values for hs-CRP were lower than 3 mg/
dl through this population. Therefore, hs-CRP ≥me-
dian was considered as increased hs-CRP. Estimated 
risk was adjusted for potential confounders (age, sex, 
socioeconomic, marriage, smoking, physical activity, 
energy intake) in complementary models. P<0.05 was 
considered as statistical significant level. OR with 95% 
of confidence interval and mean±SD were used for re-
porting results.

Table 1.  General characteristics of 270 diabetic nephropathy patients included in analyses

Variables	 Quartiles of dietary diversity score	 P for trend1	 Quartiles of dietary diversity score	 P for 
	 to energy density ratio			   trend1

	 Q1 	 Q2	 Q3	 Q4		  Q1	 Q2	 Q3	 Q4 
	 (≤5.1302)	 (5.1303-6.5417)	 (6.5418-8.1975)	 (>8.1976)		  (≤5.8975)	 (5.8976-6.2300)	 (6.2301-6.700)	 (>6.701) 
	 (n=67)	 (n=68)	 (n=68)	 (n=67)		  (n=67)	 (n=71)	 (n=68)	 (n=64)

Age (y)2

total	 68.37±10.14	 64.45±9.44	 65.40±8.84	 65.52±10.42	 0.10	 69.23±9.70	 64.82±9.64	 63.50±8.89	 66.22±10.3	 <0.01

men	 70.58±9.34	 63.35±8.78	 65.16±8.79	 64.63±11.83	 0.03	 69.28±9.58	 62.25±9.37	 65.32±11.51	 66.15±11.19	 0.10

women	 66.47±10.53	 65.02±9.80	 65.53±8.98	 65.87±9.92	 0.92	 69.31±9.98	 65.56±9.68	 61.68±7.93	 66.23±9.96	 0.01

Female n(%)	 14 (20.9)	 18 (26.2)	 17 (25.0)	 19 (27.9)	 12 (18.6)	 23 (32.0)	 13 (19.8)	 19 (29.7)	

BMI (kg/m2)2

total	 25.68±3.48	 23.62±4.20	 22.99±3.00	 22.20±2.98	 <0.001	 26.11±3.58	 23.35±3.17	 23.01±2.29	 22.26±3.39	 <0.001

men	 25.11±2.83	 21.60±4.96	 21.85±2.34	 21.58±3.14	 <0.001	 25.48±2.93	 21.50±2.28	 22.33±2.13	 19.89±1.76	 <0.001

women	 26.18±3.93	 24.65±3.38	 23.65±3.18	 22.45±2.91	 <0.001	 26.89±4.10	 23.88±3.21	 23.70±2.28	 22.87±3.44	 <0.001

WC (cm) 2

total	 103.79±9.78	 103.35±10.78	 101.85±11.13	 98.30±12.27	 0.01	 102.94±10.06	 99.57±12.97	 101.68±11.64	103.34±9.30	 0.19

men	 104.29±9.00	 104.87±9.29	 102.28±10.59	 97.68±11.81	 0.09	 102.57±9.99	 104.12±8.65	 101.56±11.51	103.77±10.07	 0.83

women	 103.36±10.51	 102.58±11.49	 101.60±11.55	 98.54±12.57	 0.22	 103.34±10.28	 98.23±13.76	 101.79±11.95	103.23±9.20	 0.10

Quartiles of socioeconomic status scores n(%)	

Q1	 7 (10.4)	 7 (10.3)	 5 (7.4)	 8 (11.9)	 0.87	 8 (11.9)	 7 (9.9)	 7 (10.3)	 5 (7.8)	 0.87

Q2	 16 (23.9)	 19 (27.9)	 27 (39.7)	 24 (35.8)	 0.33	 19 (28.4)	 24 (33.8)	 19 (27.9)	 24 (37.5)	 0.76

Q3	 24 (35.8)	 24 (35.3)	 25 (36.8)	 21 (31.3)	 0.94	 25 (37.3)	 21 (29.6)	 28 (41.2)	 20 (31.2)	 0.62

Q4	 20 (29.9)	 18 (26.5)	 11 (16.2)	 14 (20.9)	 0.37	 15 (22.4)	 19 (26.8)	 14 (20.6)	 15 (23.4)	 0.81

	Quartiles of physical activity status (MET.h/day) n(%)			 

Q1	 2 (3.0)	 4 (5.9)	 11 (16.2)	 5 (7.5)	 0.04	 3 (4.5)	 6 (8.5)	 7 (10.3)	 6 (9.4)	 0.65

Q2	 43 (64.2)	 31 (45.6)	 37 (54.4)	 42 (62.7)	 0.49	 40 (59.7)	 40 (56.3)	 36 (52.9)	 37 (57.8)	 0.95

Q3	 22 (32.8)	 32 (47.1)	 19 (27.9)	 19 (28.4)	 0.17	 24 (35.8)	 25 (35.2)	 23 (33.8)	 20 (31.2)	 0.89

Q4	 0	 1 (1.5)	 1 (1.5)	 1 (1.5)	 1.00	 0	 0	 2 (2.9)	 1 (1.6)	 0.56

Married n(%)	 16 (24.5)	 17 (24.9)	 17 (25.3)	 17 (25.3)	 0.52	 17 (25.3)	 18 (25.7)	 17 (25.3)	 15 (23.8)	 0.75

CKD stage n(%)						    

Stage 3	 29 (43.3)	 25 (36.8)	 21 (30.9)	 28 (41.8)		  33 (49.3)	 21 (29.6)	 28 (41.2)	 21 (32.8)	

Stage 4	 38 (56.7)	 43 (63.2)	 47 (69.1)	 39 (58.2)	 0.44	 34 (50.7)	 50 (70.4)	 40 (58.8)	 43 (67.2)	 0.08

Legend: General characteristics of 270 diabetic nephropathy patients included in analyses 
BMI: body mass index, CKD: chronic kidney disease, WC: waist circumference 
1 Derived from analysis of variance or chi-square analysis for quantitative and categorical variables, respectively. 
2 Values are mean±SD
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Results

The data of 270 diabetic nephropathic patients 
were included in analyses. General characteristics of 
subjects are illustrated in Table 1. WC in the whole 
population (P=0.01), BMI in both genders (P<0.001 
for both) and age in men (P=0.03) had significant 
trend across quartiles of DDS/ED. Those in the high-
est quartile of the DDS had lower BMI in comparison 
to the lowest quartile (P<0.001). Age in women had 
significant decreasing trend across quartiles of DDS 
(P=0.01). 

NARs and MAR across quartiles of DDS/ED 
and quartiles of DDS are shown in Table 2. Although 
only the trends of selenium (P<0.01) and niacin 
(P=0.03) was significant across the quartiles of DDS, 
higher NARs for all important nutrients were ob-
served among those in the top quartile of DDS/ED 
compared to lowest quartile. We observed a significant 
trend of MAR across quartiles of DDS/ED. The trend 
of this variable was not significant across quartiles of 
DDS.

The risk of obesity, elevated BUN, hs-CRP and 
lipid profiles is illustrated in Table 3. Compared with 
the top quartile of DDS and DDS/ED, the risk of 
overweight/obesity in the lowest quartiles was higher 
in unadjusted model (P<0.001 for both). This observed 
risk was attenuated across DDS quartiles after ad-
justing for age, sex, socioeconomic, marriage, smok-
ing, physical activity and energy intake (P=0.97) but 
remained significant across quartiles of DDS/ED 
(P<0.001). The trend of the risk of elevated lipid pro-
files, BUN and hs-CRP across quartiles of DDS/ED 
and quartiles of DDS was not significant.

Discussion

Our results showed that DDS/ED corrected the 
failure of DDS in relation to predict the risk of obesity. 
Moreover, it was observed that DDS/ED was better 
indicator of dietary intake among diabetic nephro-
pathic patients in comparison with DDS. To the best 
of our knowledge, this is the first study that suggested 

Table 2.  Nutrient adequacy ratio and mean adequacy ratio across quartiles of dietary diversity score to energy density ratio and dietary diversity score

Variables	 Quartiles of dietary diversity score	 P1	 Quartiles of dietary diversity score	 P1

	 Q1 	 Q2	 Q3	 Q4		  Q1	 Q2	 Q3	 Q4 
	 (≤5.1302)	 (5.1303-6.5417)	 (6.5418-8.1975)	 (>8.1976)		  (≤5.8975)	 (5.8976-6.2300)	 (6.2301-6.700)	 (>6.701) 
	 (n=67)	 (n=68)	 (n=68)	 (n=67)		  (n=67)	 (n=71)	 (n=68)	 (n=64)

NAR

Magnesium	 0.67±0.292	 0.83±0.22	 0.92±0.28	 1.24±0.40	 <0.001	 0.87±0.32	 0.92±0.33	 0.94±0.44	 0.90±0.36	 0.39

Zinc	 0.78±0.34	 0.97±0.27	 1.05±0.33	 1.38±0.54	 <0.001	 0.97±0.37	 1.1±0.38	 1.03±0.50	 1.08±0.46	 0.21

Niacin	 1.17±0.56	 1.32±0.45	 1.44±0.72	 1.78±0.70	 <0.001	 1.44±0.64	 1.48±0.68	 1.54±0.77	 1.22±0.44	 0.03

Folate	 0.61±0.24	 0.68±0.19	 0.78±0.22	 1.08±0.50	 <0.001	 0.81±0.35	 0.77±0.26	 0.84±0.49	 0.73±0.29	 0.45

Potassium	 0.55±0.21	 0.64±0.18	 0.73±0.20	 1.01±0.29	 <0.001	 0.73±0.27	 0.72±0.26	 0.76±0.3	 0.71±0.29	 0.58

Calcium	 0.85±0.38	 1.08±0.39	 1.16±0.40	 1.55±0.59	 <0.001	 1.29±0.42	 1.18±0.57	 1.12±0.49	 1.18±0.57	 0.55

Selenium	 1.03±0.48	 1.24±0.43	 1.32±0.52	 1.51±0.74	 <0.001	 1.28±0.49	 1.25±0.52	 1.45±0.82	 1.11±0.32	 <0.01

Riboflavin	 1.48±0.52	 1.84±0.51	 2.03±0.57	 2.75±0.88	 <0.001	 1.95±0.74	 2.08±0.79	 2.01±0.77	 2.06±0.85	 0.54

Vitamin B6	 1.05±0.45	 1.17±0.35	 1.31±0.51	 1.74±0.61	 <0.001	 1.36±0.60	 1.31±0.48	 1.38±0.60	 1.21±0.52	 0.48

Vitamin B12	 1.82±2.11	 1.81±1.29	 1.88±1.22	 2.46±1.70	 <0.01	 2.07±2.09	 1.97±1.32	 2.15±1.69	 1.75±1.31	 0.65

Vitamin C	 1.51±0.97	 1.72±0.85	 1.97±1.01	 3.01±1.67	 <0.001	 2.05±1.35	 2.02±1.16	 2.16±1.51	 1.97±1.37	 0.66

Vitamin E	 0.59±0.43	 0.69±0.87	 0.76±0.53	 0.81±0.44	 0.02	 0.71±0.40	 0.67±0.41	 0.78±0.93	 0.70±0.50	 0.72

MAR	 100.86±39.90	 116.65±29.21	 127.87±36.49	 169.41±43.47	 <0.001	 128.32±42.66	 129.21±42.95	 134.79±48.84	121.84±46.20	 0.43

Legend: Nutrient adequacy ratio and mean adequacy ratio across quartiles of dietary diversity score to energy density ratio and dietary diversity score 
MAR: mean adequacy ratio, NAR: nutrient adequacy ratio 
1 Derived from analysis of variance 
2 Values are mean±SD



The ratio of dietary diversity score versus energy density in relation to anthropometric and biochemical variables among patients with chronic kidney diseases 91

using DDS/ED instead of DDS and compared the 
function of these two indicators in relation to other 
diet qualities among diabetic nephropathic patients. 

Previous studies reported that there was a direct 
significant association between DDS and MAR (21, 
22). In contrast to our study in which the subjects were 
diabetic nephropathic patients, these studies were con-
ducted on healthy individuals. On the other hand, if 
dietary diversity in nutrient-poor foods, i.e., fatty and/
or sweetened foods (23), was high, DDS would be not 
positively correlated with nutrient intake. It seems that 
in our study population, dietary diversity in nutrient 
rich-foods was not as high as enough to show a posi-
tive correlation with adequate nutrient intake. In con-
trast, DDS/ED, a modified form of DDS in which the 
role of ED has been considered, could show a favora-
ble association with NARs and MAR. There is a di-

rect relation between dietary ED and consumption of 
low-nutrient-density foods (24). Therefore, we could 
exclude dietary diversity in low nutrient-density foods 
by using DDS/ED instead of DDS. This explanation 
may justify our findings regarding the association be-
tween DDS and DDS/ED and risk of obesity. A posi-
tive relationship between DDS and energy intake and 
subsequently BMI has been reported previously (10, 
11). Our results showed that there was a significant 
trend for risk of overweight/obesity across quartiles 
of DDS/ED after adjusting for confounders. Similar 
result was not observed for DDS. Several studies re-
ported that ED had a direct association with obesity 
(25-27). Furthermore, the effect of low energy-dense 
diets on treatment of obesity was assessed in several 
clinical trials (28, 29). As dietary ED is a risk factor 
for obesity (30), dietary diversity in energy dense foods 

Table 3.  Odds ratio (95% CIs) of overweight/obesity and elevated lipid profiles, BUN and hs-CRP among 270 diabetic nephropathy patients

Variables	 Quartiles of dietary diversity score	 P	 Quartiles of dietary diversity score	 P

	 Q1 	 Q2	 Q3	 Q4		  Q1	 Q2	 Q3	 Q4 
	 (≤5.1302)	 (5.1303-6.5417)	 (6.5418-8.1975)	 (>8.1976)		  (≤5.8975)	 (5.8976-6.2300)	 (6.2301-6.700)	 (>6.701) 
	 (n=67)	 (n=68)	 (n=68)	 (n=67)		  (n=67)	 (n=71)	 (n=68)	 (n=64)

Model 11

Overweight/	 7.48(3.20-17.52)	 3.74(1.59-8.84)	 2.69(1.12-6.46)	 1	 <0.001	 6.00(2.77-12.99)	 1.40(0.64-3.07)	 0.93(0.40-2.13)	 1	 <0.001 
obesity3

Abdominal 	 0.75(0.19-2.94)	 0.98(0.20-4.76)	 0.72(0.18-2.81)	 1	 0.94	 2.89(0.89-9.41)	 3.70(1.09-14.33)	 2.92(0.85-10.09)	 1	 0.17 
Obesity4

High TC5	 0.66(0.33-1.30)	 0.81(0.41-1.69)	 0.97(0.49-1.90)	 1	 0.65	 0.81(0.41-1.61)	 0.77(0.39-1.52)	 0.94(0.47-1.86)	 1	 0.86

High TG6	 0.83(0.42-1.65)	 0.72(0.36-1.42)	 0.81(0.41-1.60)	 1	 0.82	 0.81(0.41-1.61)	 0.54(0.27-1.08)	 0.79(0.40-1.56)	 1	 0.36

High LDL7	 1.27(0.64-2.50)	 0.86(0.44-1.70)	 1.16(0.59-2.28)	 1	 0.69	 1.80(0.90-3.59)	 1.49(0.75-2.94)	 1.15(0.58-2.28)	 1	 0.34

High BUN8	 1.27(0.64-2.52)	 1.10(0.56-2.17)	 1.10(0.56-2.17)	 1	 0.92	 0.98(0.49-1.97)	 1.49(075-2.94)	 0.96(0.48-1.92)	 1	 0.51

High hs-CRP10	 0.94(0.48-1.85)	 0.77(0.39-1.51)	 0.77(0.32-1.42)	 1	 0.74	 0.67(0.34-1.35)	 1.09(0.55-2.14)	 1.00(0.50-1.98)	 1	 0.51

Model 22

Overweight/	 9.17(3.70-22.77)	 4.81(1.94-11.95)	 3.23(1.29-8.06)	 1	 <0.001	 0.95(0.21-4.28)	 0.81(0.21-3.09)	 0.75(0.18-3.13)	 1	 0.97 
obesity

Abdominal 	 0.23 (0.03-1.49)	 0.51(0.08-3.18)	 0(0.10-2.23)	 1	 0.48	 1.30(0.28-5.99)	 2.86(0.66-12.37)	 3.32(0.85-13.08)	 1	 0.27 
Obesity

High TC	 0.67(0.33-1.35)	 0.89(0.44-1.77)	 0.93(0.47-1.84)	 1	 0.69	 1.01(0.45-2.27)	 0.82(0.41-1.63)	 1.00(0.48-2.06)	 1	 0.91

High TG	 0.71(0.35-1.45)	 0.70(0.35-1.41)	 0.80(0.40-1.60)	 1	 0.73	 1.09(0.48-2.48)	 0.60(0.29-1.22)	 0.95(0.46-1.97)	 1	 0.37

High LDL	 1.18(0.59-2.37)	 0.83(0.42-1.65)	 1.16(0.59-1.29)	 1	 0.72	 1.42(0.63-3.19)	 1.46(0.73-2.91)	 1.20(0.49-2.10)	 1	 0.59

High BUN	 1.28(0.64-2.58)	 1.04(0.52-2.09)	 1.14(0.57-2.28)	 1	 0.90	 1.76(0.77-4.05)	 1.70(0.84-3.44)	 1.21(0.58-2.53)	 1	 0.39

High hs-CRP	 0.95(0.47-1.90)	 0.79(0.40-1.58)	 0.73(0.37-1.44)	 1	 0.78	 0.88(0.39-1.98)	 1.21(0.60-2.41)	 1.19(0.58-2.45)	 1	 0.80

Legend: Odds ratio (95% CIs) of overweight/obesity and elevated lipid profiles, BUN and hs-CRP among 270 diabetic nephropathy patients; BUN: blood urea nitrogen, 
hs-CRP: high sensitivity C-reactive protein, LDL: low density lipoprotein, TG: triglyceride, TC: total cholesterol; 1Model 1: unadjusted model.; 2Model 2: adjusted for age, 
sex, socioeconomic, marriage, smoking, physical activity and energy intake; 3BMI≥25 kg/m2; 4waist circumference≥99.5 or ≥94.25 cm for men and women, respectively; 
5TC>median; 6triglyceride ≥150 mg/dl; LDL ≥130 mg/dl;  9BUN ≥21 mg/dl, 10hs-CRP ≥median
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may also result in obesity. Therefore, DDS cannot be 
a reliable indicator of diet quality by itself, because it 
cannot show rational result regarding obesity in all 
circumstances. Accordingly, we used DDS/ED as a 
dietary intake indicator in which the role of ED has 
been considered.

Energy-dense foods are often high in fat (26) 
and therefore, they may increase the risk of obesity. 
Furthermore, previous studies showed that ED of a 
meal was inversely associated with energy intake at the 
subsequent meal (31, 32). Contradictory evidence has 
been reported regarding the relation between DDS 
and obesity. In summary, DDS in non energy-dense 
food groups was inversely associated with obesity (8). 
In contrast, higher DDS in energy-dense foods was 
directly related with obesity (10, 11). Therefore, ED 
is a key point to explain the mechanism of association 
between DDS and obesity.

Present study has several limitations. It is a cross-
sectional study which cannot show causal relationship, 
and therefore, findings from prospective cohort studies 
would be more reliable to demonstrate causal associa-
tion. We used a 168-item food frequency question-
naire to evaluate one-year dietary intake of subjects. 
It may result in misclassification of individuals regard-
ing DDS and DDS/ED. These results obtained from 
diabetic nephropathic patient; therefore, we could not 
generalize them to healthy population. Also, age at di-
agnosis and edema were not assessed.

Introducing a new and modified index is the most 
important strength of current study. Moreover, this 
study addresses diet quality of diabetic nephropathic 
patients which was not sufficiently reported previously. 

In conclusion, our results showed that DDS/
ED corrected the failure of DDS in relation to risk of 
obesity. Moreover, it was observed that DDS/ED was 
better indicator of nutrient intake in comparison with 
DDS among patients with CKD.
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