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Abstract
Objectives  Food price is a determining factor in food choice which affect diet quality accordingly. However, the 
association between food price and diet quality has not been thoroughly discussed among Chinese adults. This 
study aimed to analyze the association of daily energy-adjusted dietary costs (CNY/2000 kcal) and diet quality among 
Chinese adults.

Methods  A total of 680 Chinese adults aged above 25 years from Henan province were investigated in 2020. Three 
indices were adopted for evaluating diet quality: the nutrient-rich foods 9.2 (NRF 9.2) index for evaluating nutrient 
density, the mean adequacy ratio (MAR) for evaluating nutrient adequacy, energy density (ED) based on solid foods 
only for evaluating energy density. The daily energy-adjusted diet cost was calculated by dividing the estimated daily 
diet costs (CNY/day) by the energy intake per day (kcal/day) and multiplying the result by 2000.

Results  Subjects who closely adhered to the NRF9.2, MAR, and ED paid ¥8.92, ¥13.17, and ¥14.34 more for daily food 
consumption, respectively, than those who weakly adhered to these dietary patterns did. Furthermore, multiple linear 
regression analysis adjusted covariance revealed that an increase in ¥1 of the energy-adjusted diet cost per day was 
associated with changes of 0.494 units (P < 0.001), 0.003 units (P < 0.001), and − 0.018 units (P < 0.001) in the NRF9.2, 
MAR, and ED, respectively.

Conclusion  Higher energy-adjusted diet cost was associated with higher quality diets. This might be important for 
public health policies to develop strategies to promote healthy diets by regulating food supply and its costs.

Keywords  Dietary cost, Diet Quality, NRF9.2, MAR, ED
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Introduction
Unfavorable diet quality is a significant public health 
issue worldwide. High intake of sodium, low intake of 
whole grains and fruits were the leading dietary risk fac-
tors for deaths and DALYs globally in many countries 
including China, highlighting the urgent need to improve 
diet quality [1]. A large body of epidemiologic data 
showed that diet quality follows a socioeconomic gradi-
ent [2]. The cost and affordability of healthy foods (for 
example: the proportion of monthly household income 
spend on food products) has been underscored as one of 
the strongest barriers against diet quality, perhaps exert-
ing an even more powerful influence on food choice 
than taste, promotions, and convenience [3]. Meanwhile, 
the World Health Organization’s (WHO) global action 
plan for the prevention and control of NCDs from 2013 
to 2020 encouraged member states to take action to 
increase the availability, affordability, and acceptability 
of healthier food products to improve diet quality [4]. It 
has been shown that economic constraints lead to the 
consumption of less healthy diets. As the cross-sectional 
dietary surveys have noted that the consumption of 
lower energy density was associated with higher energy-
adjusted diet costs among the United States of American 
adults [5] and French adults [6]. Conversely, the high cost 
of food was often seen as a significant obstacle to improv-
ing diet quality [7]. The monetary diet cost was positively 
associated with healthy eating index among the United 
States of Americans [8] and Malaysians [9]. Subjects who 
closely adhered to higher diet quality paid more for food 
consumption than those who weakly adhered to healthy 
diet pattern [10]. However, there is no consensus on 
this issue. According to the intervention studies, meals 
of higher quality do not always cost more than diets of 
lower quality and even be less costly [11, 12].

The associations between dietary cost and diet qual-
ity remained mostly unexplored among Chinese adults. 
Unhealthy diets that included an excessive amount of 
sodium and red meat, and inadequate amounts of whole 
grains and fruits were the leading dietary risk factors 
for death (17.4% of total risk factors) and DALYs (11.6% 
of total risk factors) in China [13], and diets based on 
dietary guideline reduce the incidence of NCDs [14]. The 
disadvantaged socioeconomic status was associated with 
higher mortality and shorter life expectancy in China 
[15]. Xiao Zhang et al. reported that energy-adjusted 
diet cost was independently and positively associated 
with diet quality among Chinese school-aged children in 
Southwest China [16]. Drewnowski [17] and Bernstein 
[18] et al. found that dietary cost was significantly cor-
related with food purchasing. Economic constraints, and 
their effects on food choices should be taken into account 
for promoting diet quality in China. The aim of the study 
was to investigate whether freely chosen diet costs were 

related to diet quality, which will likely have greater direct 
influence on nutrition policy and practice.

Subjects and methods
Study design and population
A cross-sectional study was conducted in 3 communi-
ties by convenience sampling method during the year of 
2020 in Zhengzhou City, China. The participants aged 
above 25 years was selected, and with mental illness and 
severe liver or kidney dysfunction were excluded. In total, 
785 individuals agreed to participate in the investigation. 
Individuals with incomplete data, including missing data 
on 24-h dietary recalls (n = 26), anthropometry (n = 21), 
and covariates (n = 20), as well as those with unusual 
total energy intake (< 500 or > 3,500  kcal per day for 
women and < 800 or > 4,200 kcal per day for men) [19], 
were excluded from the dataset (n = 38). A total of 680 
participants were analyzed in this study. The study was 
conducted according to the guidelines of the Helsinki 
Declaration, and the study protocol was approved by 
Ethics Committee. All participants gave their informed 
consent.

Dietary and covariant assessment
The dietary assessment was conducted through two non-
consecutive 24-hour dietary recalls by face-to-face inter-
views. Participants were asked to report dining places, 
types, brands, amounts of all foods and beverages con-
sumed in the preceding 24 h. Food models were used to 
assist the respondents in providing correct answers dur-
ing dietary data collection. Data on food and nutrients 
intake from the 24-h recalls were analyzed using a nutri-
tion calculator (NCCW software) based on the China 
Food Composition Table [20]. The personal basic infor-
mation was collected by a structured questionnaire which 
included gender, age, marital status, personal income, 
family number, family income, education, job and so on.

Evaluation of nutrient-rich food index scores
The NRF9.2 index, which was based on the limits of 9 
beneficial nutrients and 2 nutrients and used an algo-
rithm based on sums and 100  kcal, was the best-pre-
dicted model for Chinese adults, and was selected in this 
study [21]. The daily reference intakes of nutrients were 
based on the recommended nutrient intake (RNI) or 
adequate intake (AI) of adults, except for saturated fat, 
which was based on acceptable macronutrient distribu-
tion ranges [22]. All the foods consumed by each subject 
were scored using the NRF9.2 algorithm, followed by the 
NRF9.2 score per 100 kcal [23].

NRF9.2/100 kcal=(NR9 − LIM2)×100.
NR9 = Σ1–9(Nutrienti/NRVi)/ED×100.
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Nutrienti= content of nutrient i in 100 kcal edible 
portion.

NRVi = Nutrient i based on Chinese Dietary Reference 
Intakes.

ED = Energy density of 100 g edible portion of food.
i = 1–9 (protein, dietary fiber, vitamins A, C, E, Ca, Fe, 

Mg, K).

LIM2 = Σ1–2(Li/MNRVi)/ED×100.

Li = nutrient i content of 100 g edible portion of food.
MNRVi = Maximum reference intake of nutrient i.
i = 1–2(saturated fat, sodium).

Assessment of nutrient adequacy
Nutrient adequacy was measured by computing the 
mean adequacy ratio (MAR) [24]. To compute the MAR 
and nutrient adequacy ratio (NAR), 10 nutrients, includ-
ing energy, protein, vitamin A, vitamin C, calcium, iron, 
phosphorus, vitamin B1, vitamin B2, and niacin, were 
included. NAR was calculated using Chinese Dietary Ref-
erence Intakes (DRIs) [22]. The MAR was calculated as 
described by Madden et al. [24].

	
NAR = Actual nutrient intake of a nutrient (per day)

Chinese daily reference intakes of the nutrient

	
MAR =

∑
NAR (each truncated at 1)
Number of nutrients

Calculation of energy density
The daily dietary energy density (ED, kcal/g) was com-
puted by dividing energy by total food weight. Energy 
density values vary widely, depending on whether water 
or noncaloric or calorie-containing beverages have been 
included or excluded from the analysis [25, 26]. Based 
on past studies [25], the present calculations were based 
on solid foods only because the energy density of a sub-
stantial part of the diet is reported to be a better indica-
tor of dietary quality than energy density based on food 
and energy-yielding beverages. Diet porridge was divided 
according to its ingredients and converted into purchas-
able forms. For example, a bowl of rice porridge was 
divided into two separate ingredients, rice and water, and 
water was also excluded when the ED was calculated.

ED (kcal/g) = energy (kcal)/the weight of solid foods 
only (g).

Daily diet costs
The monetary costs of the diet obtained from the 24-hour 
dietary recalls (CNY/day) were calculated by multiply-
ing the amount of food consumed (100  g/day) by the 
estimated price of each food (CNY/100 g) and summing 
the products. The procedure for estimating costs was 

based on the assumption that all foods were purchased 
and then prepared and consumed at home. Ultimately, 
428 food and beverage items were analyzed. The price 
of each food was initially obtained from the Zhengzhou 
Municipal Development and Reform Commission web-
site [27], which were calculated by averaging the monthly 
prices from different districts over the past 12 months 
(59 of 428 items; 13.8%). The price of fast food items (13 
of 428 items; 3.0%) were taken from fast-food restaurants 
(McDonald’s, KFC, DICOS in Zhengzhou City) and its 
prices more stable which were not affected by seasons. 
The prices of the other food items were taken from four 
supermarkets and three farmers’ markets, and the aver-
age prices were used in the analysis (356 of 428 items; 
83.2%). The price survey was conducted in four seasons 
of the year, and the average annual unit price for each 
item was calculated by averaging the prices of the four 
seasons. Discounted prices were not used to determine 
food costs.

The calculations included correction for preparation 
and waste using the China Food Composition database 
[20]. Prices was expressed in Chinese yuan (CNY, ¥) 
per 100 gram. Because monetary diet cost was strongly 
associated with energy intake (γ = 0.58), diet cost per 
2000  kcal of energy intake per day (hereinafter, energy-
adjusted diet cost) was calculated by dividing the daily 
diet cost (CNY/day) by the energy intake per day (kcal/
day) and multiplying 2000.

Quality control
Quality control was carried out throughout the entire 
process. First, the questionnaire used in the investiga-
tion was revised after a pilot study and expert discus-
sion. Second, the questionnaire survey was conducted by 
face-to-face interviews which was trained through train-
ing manual by team leader Quanjun Lyu and Junya Zhai. 
Finally, all the data were input by two persons, and logical 
error detection and review were carried out.

Statistical analysis
All the statistical analyses were performed using SAS 
statistical software (version 9.3, 2011). All the data were 
normally distributed; hence, parametric analyses were 
employed. All calculated P values were two-tailed and 
were considered statistically significant at P < 0.05 for a 
single variable. Data for daily diet cost and daily energy-
adjusted diet cost were compared according to sociode-
mographic characteristics. We calculated the crude 
means of food group intake and nutrient intake within 
each quartile of the daily energy-adjusted diet cost. The 
stepwise multiple linear regression analysis was used to 
determine the association of daily energy-adjusted diet 
costs and the diet quality indices (NRF9.2, MAR, and 
ED). Moreover, multivariate linear models were also 
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used to provide covariate-adjusted means of the diet 
quality index among strata of daily energy-adjusted diet 
costs. The covariates included age (years), gender (male 
or female), family income level (<¥2000/month/person, 
¥2000–¥5000, ≥¥5000), and food intake (kcal).

Results
Sample characteristics
We analyzed data from a sample of 680 Chinese adults 
from Henan province. Estimates of the mean daily diet 
costs and daily energy-adjusted diet costs were pro-
vided for the demographic and socioeconomic groups 
in Table  1. The mean daily diet costs and daily energy-
adjusted diet costs were ¥14.05/day and ¥19.14/2000 kcal, 
respectively. The daily diet cost was slightly higher for 
men (¥14.51/day) than for women (¥13.32/day). How-
ever, the difference reversed after adjusting for energy. 

For each 2,000 kcal of dietary energy, men spent ¥18.43, 
whereas women spent ¥20.30. The daily and energy-
adjusted diet costs of the higher-income groups were 
greater than those of the lowest-income groups (Table 1).

Means of food group intake and nutrients within each 
quartile of daily energy-adjusted diet cost
Because monetary diet cost was strongly associated 
with energy intake (γ = 0.58), daily energy-adjusted diet 
cost was adopted in the following analysis. At the food 
level, participants in the higher quartiles of daily energy-
adjusted diet cost had higher mean values of diet cost 
for fruit, milk and milk products, beans, nuts, meat and 
poultry, fish and lean meat, and other food groups and 
had lower mean values of diet cost for the grain foods 
(Table  2). At the nutrient level, higher daily energy-
adjusted diet costs were associated with greater intakes of 
protein, vitamin B2, niacin, vitamin A, vitamin C, vitamin 
E, potassium, calcium, zinc, and MAR and lower intakes 
of energy, fat, and carbohydrates (Table 3).

Multiple linear regression for the association of daily 
energy-adjusted diet costs with diet quality
Significant positive associations were observed in 
the multivariate models for NRF9.2 (β = 0.284, P for 
trend < 0.0001), MAR (β = 44.77, P for trend < 0.0001), and 
ED (β =-11.51, P for trend < 0.0001) (Table 4). Compared 
with those who weakly adhered to these dietary patterns, 
those who closely adhered to the NRF9.2, MAR, and ED 
daily paid ¥8.92, ¥13.17, and ¥14.34 per 2000 kcal more 
for food consumption, respectively. 

Multiple linear regression for the association of diet quality 
with daily energy-adjusted diet costs
Adjusted linear regression analysis revealed that an 
increase in ¥1 of the energy-adjusted diet cost per day 
was associated with a change of 0.494 units (P < 0.001), 
0.003 units (P < 0.001), and − 0.018 units (P < 0.001) in the 
NRF9.2, MAR, and ED, respectively (Table 5).

Discussion
This study was investigated the associations of the dietary 
cost and diet quality in a sample of Chinese adults from 
Henan province. As expected, dietary nutrient density, 
mean adequacy ratio (MAR), and dietary energy density 
was each independent related to daily energy-adjusted 
diet cost. Diets with higher energy density cost less, and 
those with higher nutrient density and nutrient adequacy 
cost more. These associations were not influenced by age, 
gender, energy intake, or family income.

Participants reported spending ¥14.05 on food and 
non-tap water beverages during every 24-hour observa-
tion period while spending ¥19.14 per 2000  kcal, which 
were similar to the estimated mean expenditures on food 

Table 1  Mean estimated daily dietary cost and energy-adjusted 
dietary cost by demographic and socioeconomic strata among 
Chinese adults from Henan Province

n Daily diet 
cost
(CNY/d)1 

Daily Energy-
adjusted diet 
cost
(CNY/2000kcal)2

Mean SD Mean SD
Total 680 14.05 10.08 19.14 12.75
Gender
Men 422 14.51 11.23 18.43 13.54
Women 258 13.32 7.81 20.30 11.26
Age
< 50 102 14.55 8.19 20.54 10.08
50–65 422 14.00 8.59 18.99 13.18
> 65 156 13.88 14.18 18.63 13.13
Family income level *
< ¥2000/month/person 125 12.12 7.53 16.89 9.64
¥2000–5000/month/person 387 13.60 8.13 18.78 13.12
>¥5000/month/person 168 16.54 14.47 21.66 13.55
Educational level
< 6 years 87 12.52 9.26 17.68 11.29
6–12 years 437 14.07 10.67 18.92 13.52
> 12 years 156 14.87 8.69 20.58 11.11
Occupation*
Manual 110 11.66 7.58 17.03 9.51
Professional 85 13.62 8.74 18.59 10.82
Retired 335 14.67 8.90 19.35 11.45
Others 150 14.67 13.97 20.54 17.58
Marriage
Yes 621 14.07 10.21 19.23 13.01
Others 59 13.89 8.69 18.21 9.55
1. Values are presented as the means and standard deviations (SDs)

2. Values are presented as the means and SDs. Energy-adjusted diet cost was 
calculated by dividing the estimated daily diet costs (CNY/day) by the energy 
intake per day (kcal/day) and multiplying by 2000

3. The general characteristics of the distributions of daily diet costs and energy-
adjusted diet costs were tested using t tests or analysis of variance test, and 
differences are marked with a star (*) indicating p values < 0.05
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(¥19.99/2000 kcal) based on retail prices in the Nantong 
city of China [28], and were similar to the cost among 
school-aged children in Southwest China (¥11.0/1000kal) 
[16]. The differences between several sociodemographic 
characteristics and daily diet costs or daily energy-
adjusted diet costs were explored. Populations charac-
terized through lower SES might be spent less on food, 

which confirm the past observations that family income 
appears to be essentially correlated with food expendi-
ture patterns [29].

This study revealed that participants in the higher 
quartiles of daily energy-adjusted diets spent more on 
fruit, high-protein foods, and other food groups and less 
on grain foods, and spent more on energy, total fat, and 

Table 2  Means of food group intake within each quartile of daily energy-adjusted diet cost 1

Food group Daily energy-adjusted diet cost 2 P值3

Q1 Q2 Q3 Q4
n 170 169 171 170
Energy-adjusted diet cost 8.81 ± 1.20 13.81 ± 1.20 19.22 ± 2.05 34.69 ± 16.26 < 0.0001
Grains 465.02 ± 176.29 466.06 ± 192.17 398.27 ± 174.96 321.44 ± 166.45 < 0.0001
Vegetables 157.35 ± 104.89 172.76 ± 133.51 154.71 ± 124.94 159.24 ± 146.29 0.6
Fruits 44.01 ± 84.55 140.63 ± 165.23 271.92 ± 277.20 342.84 ± 400.42 < 0.0001
Milk and milk products 8.51 ± 36.79 43.54 ± 111.07 50.34 ± 109.35 45.41 ± 114.62 < 0.0001
Beans 16.26 ± 38.05 18.99 ± 55.36 27.15 ± 71.87 19.74 ± 88.63 < 0.0001
nuts 3.48 ± 8.15 11.88 ± 36.83 14.48 ± 47.53 13.67 ± 42.50 0.03
Meat, poultry 23.41 ± 45.09 37.57 ± 54.94 71.23 ± 111.04 114.67 ± 163.62 < 0.0001
Fish 1.54 ± 9.85 4.20 ± 18.55 8.54 ± 33.94 28.46 ± 65.26 < 0.0001
Egg 43.31 ± 46.15 50.63 ± 53.80 45.23 ± 43.53 40.95 ± 47.73 0.3
Oil 13.74 ± 9.78 16.97 ± 14.60 16.12 ± 14.86 15.85 ± 15.20 0.2
Others4 11.25 ± 25.13 21.93 ± 63.66 39.26 ± 94.80 80.89 ± 256.97 < 0.0001
1. Values are presented as the means ± SDs

2. Q1, 1st quartile; Q2, 2nd quartile; Q3, 3rd quartile; and Q4, 4th quartile

3. Differences in food group intake among the quartiles of energy-adjusted diet costs were tested using analysis of variance

4. Snacks include cookies, fast food, and sugar-preserved fruits

Table 3  Means of nutrient intake within each quartile of daily energy-adjusted diet cost 4

Energy
and nutrients

Daily energy-adjusted diet cost 1 P值3

Q1 Q2 Q3 Q4
n 170 169 171 170
Energy (kcal) 1474 ± 427 1605 ± 448 1587 ± 508 1449 ± 427 0.03
Protein (g) 47.18 ± 18.14 53.05 ± 17.76 53.03 ± 18.24 55.77 ± 22.34 0.001
Fat (g) 31.06 ± 13.53 42.15 ± 21.02 44.28 ± 21.17 40.10 ± 19.38 < 0.0001
Carbohydrate (g) 253 ± 78 255 ± 74 246 ± 91 218 ± 76 < 0.000
Fiber (g) 11.74 ± 6.87 13.42 ± 5.84 12.99 ± 5.89 13.02 ± 8.96 0.2
Vitamin B1 (mg) 0.71 ± 0.31 0.76 ± 0.32 0.80 ± 0.37 0.78 ± 0.38 0.1
Vitamin B2 (mg) 0.53 ± 0.23 0.66 ± 0.28 0.72 ± 0.30 0.79 ± 0.39 < 0.0001
Niacin (mg) 7.82 ± 4.61 9.23 ± 4.26 10.58 ± 4.57 11.06 ± 5.86 < 0.0001
Vitamin A (µgRAE) 347 ± 372 403 ± 340 451 ± 520 568 ± 731 0.001
Vitamin C (mg) 46.35 ± 36.12 62.88 ± 51.29 68.15 ± 46.56 83.58 ± 63.18 < 0.0001
Vitamin E (mga-TE) 16.08 ± 7.79 18.85 ± 8.60 20.64 ± 11.82 19.64 ± 14.68 0.002
Potassium (mg) 1168 ± 654 1420 ± 469 1573 ± 587 1660 ± 685 < 0.0001
Calcium (mg) 228 ± 147 298 ± 158 309 ± 159 342 ± 214 < 0.0001
Iron (mg) 14.05 ± 6.49 15.02 ± 5.25 15.40 ± 6.23 17.42 ± 28.04 0.2
Magnesium (mg) 224 ± 95 237 ± 75 234 ± 90 248 ± 124 0.2
Phosphorous (mg) 750 ± 236 806 ± 251 785 ± 259 807 ± 301 0.2
Zinc (mg) 6.93 ± 2.63 7.67 ± 2.51 7.78 ± 2.65 8.57 ± 4.06 < 0.0001
Selenium (µg) 40.27 ± 17.90 40.60 ± 18.92 38.57 ± 18.76 43.93 ± 25.59 0.1
MAR 0.53 ± 0.13 0.60 ± 0.13 0.63 ± 0.13 0.64 ± 0.14 < 0.0001
1. Values are presented as the means ± SDs

2. Q1, 1st quartile; Q2, 2nd quartile; Q3, 3rd quartile; and Q4, 4th quartile

3. Differences in nutrient intake among the quartiles of energy-adjusted diet costs were tested using analysis of variance



Page 6 of 8Zhai et al. BMC Public Health          (2025) 25:410 

carbohydrates and spent fewer on most of micronutri-
ents. Although food prices affect most of people, cost was 
the key determinants of food choice among low-income 
households and the unemployed [30].

The participants who closely adhered to high-quality 
diets paid more for food consumption than those who 
weakly adhered to them. Moreover, increasing the daily 
energy-adjusted diet costs was associated with a positive 
change in diet quality. The present data confirm previ-
ous observations, based on a representative sample of the 
French population [31] and the United States of Ameri-
cans [32], that lower-cost diets are energy-dense and 
nutrient-poor. In contrast, higher-quality diets cost more. 

Several studies have emphasized that the food budgets 
of people experiencing poverty are insufficient to main-
tain a balanced diet [33]. Even when low-income groups 
develop efficient purchasing strategies [34], the food bud-
get may not be adequate to procure a reasonable diet.

Dietary energy density was one index of the overall 
quality of the diet [35]. Diets high in whole grains, lean 
meats, fish, fresh vegetables, and fruit have a low energy 
density and high contents of vitamins and minerals [35], 
which are more costly per kcal than energy-dense diets 
rich in fats and sweets [36]. This study found that energy 
density was negatively associated with diet cost, which 
was consistent with the published findings from large 

Table 4  Daily energy-adjusted diet cost (CNY/2000 kcal) of foods according to adherence to the diet quality indices (NRF9.2, MAR, and 
ED)

NRF9.2 Index 2 β P for trend3

Q1 Q2 Q3 Q4
Daily energy-adjusted diet cost
Unadjusted model 16.42(14.83, 18.19) 17.50(15.81, 19.19) 17.60(15.91, 19.28) 25.31(23.66, 26.96) 0.296 < 0.0001
Adjusted model4 16.42(14.76,18.09) 17.44(15.75,19.12) 17.74(16.05,19.43) 25.34(23.67,27.00) 0.284 < 0.0001

MAR β P for trend3

Q1 Q2 Q3 Q4
Daily energy-adjusted diet cost
Unadjusted model 15.50(13.80, 17.21) 18.52(16.82, 20.21) 19.64(17.94, 21.34) 22.33(20.63, 24.04) 20.86 < 0.0001
Adjusted model4 12.59(10.57, 14.61) 17.97(16.21, 19.72) 20.60(18.67, 22.33) 25.76(23.75, 27.76) 44.77 < 0.0001

ED(all food) β P for trend3

Q1 Q2 Q3 Q4
Daily energy-adjusted diet cost
Unadjusted model 28.83(27.11, 30.54) 17.92(16.21, 19.63) 16.41(14.70, 18.12) 13.42(11.70, 15.12) −13.14 < 0.0001
Adjusted model4 28.49(26.83, 30.15) 18.59(17.01, 20.16) 16.74(15. 61, 18.32) 14.15(12.53, 15.77) −11.51 < 0.0001
1. Values are model-adjusted least-squares means; 95% CIs are in parentheses

2. Calculated by dividing the estimated daily diet costs (CNY/day) by the energy intake per day (kcal/day) and multiplying by 2000

3. Linear trends (P for trend) were obtained with the ordinal median daily energy-adjusted diet cost (CNY/2000 kcal) for each quartile as a continuous variable

4. Adjusted for age (years), gender (male or female), family income level (<¥2000/month/person, ¥2000–5000/month/person, ≥¥5000/month/person) and food 
intake (kcal/d)

Table 5  Multiple linear regression least-squares means and 95% confidence intervals for the associations of daily energy-adjusted diet 
costs with diet quality (n = 702)1

Daily energy-adjusted diet cost 2 β P for trend3

Q1 Q2 Q3 Q4
n
NRF9.2 Index

170 169 171 170

Unadjusted model 37.04(34.82, 39.26) 37.85(35.67, 40.02) 40.52(38.36, 42.68) 47.60(45.43, 49.76) 0.504 < 0.0001
Adjusted model4 36.93(34.49, 39.36) 37.94(35.65, 40.23) 40.26(38.03, 42.48) 47.20(44.91, 49.49) 0.494 < 0.0001
MAR
Unadjusted model 0.53(0.51, 0.55) 0.60(0.59, 0.61) 0.63(0.51, 0.65) 0.64(0.62, 0.66) 0.003 < 0.0001
Adjusted model4 0.56(0.54, 0.57) 0.59(0.57, 0.60) 0.61(0.60, 0.63) 0.66(0.65 0.68) 0.003 < 0.0001
ED (all food)
Unadjusted model 1.92(1.86, 1.98) 1.62(1.56, 1.68) 1.47(1.41, 1.54) 1.39(1.33, 1.46) −0.017 < 0.0001
Adjusted model4 1.91(1.85, 1.98) 1.61(1.55, 1.67) 1.49(1.43, 1.55) 1.41(1.34, 1.45) −0.018 < 0.0001
1. Values are model-adjusted least-squares means; 95% CIs are in parentheses

2. Calculated by dividing the estimated daily diet costs (CNY/day) by the energy intake per day (kcal/day) and multiplying by 2000

3. Linear trends (P for trend) were obtained with ordinal median diet quality (NRF9.2 INDEX, MAR, ED) for each quartile as continuous variables

4. Adjusted for age (years), gender (male or female), family income level (<¥2000/month/person, ¥2000–5000/month/person, ≥¥5000/month/person) and food 
intake (kcal/d)
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representative samples of adults in the United States [5, 
32] and France [37, 38]. A study from China revealed 
that vegetables and fruits had the lowest energy density, 
but their food prices were the highest per unit of energy 
[28]. The affordability of healthy foods for residents can 
be viewed as an economic strategy for health promotion.

The concept of nutrient density is critical to better 
understanding the relationship between diet quality 
and diet cost. The daily energy-adjusted diet cost was 
inversely associated with NRF9.2 and MAR. Drewnowski 
et al. reported that nutrient density scores was posi-
tively associated with diet cost per 100 g [39]. Moreover, 
from a nutritional quality point of view, Drewnowski 
et al. reported that nutrient adequacy scores was posi-
tively associated with diet cost per 1000 kcal [39]. Mat-
thieu et al. reported that for a given energy intake and 
energy density, each 10% increase in MAR led to a 13% 
increase in estimated diet costs per 10 MJ [6]. In gen-
eral, economic forces may hold the key to dietary change, 
given that more nutrient-dense foods and higher-quality 
diets tend to be more expensive per calorie basis [40]. 
Moreover, there were also some examples where chang-
ing food prices can improve dietary quality or clinical 
outcomes. Beydoun et al. reported that an annual rate 
of change in the monetary value of the diet may have a 
more substantial impact on dietary quality among Amer-
ican urban women and above-poverty individuals [41]. 
Anne Magnus et al. reported that the cost-effectiveness 
of a 20% price discount on fruit, vegetables, diet drinks 
and water with or without consumer nutrition education 
can improve individual’s health in remote Australia [42]. 
Thus, food prices might be a policy concern to ensure a 
nutritious food supply for future generations.

Arguably, not all healthier diets were necessarily asso-
ciated with higher costs. Compared with other popu-
lations, Mexican–Americans were found to consume 
higher-quality diets at lower prices [43]. The more food 
ingredients are processed, the more nutrients are lost, 
and the higher the unit price is. These studies highlight 
the need to identify dietary patterns that are both health-
ful and affordable for residents, especially for the low-
income households.

The present study was the first to provide evidence for 
an inverse relationship between dietary quality (from the 
dimensions of nutrient density, energy density, and nutri-
ent adequacy) and daily energy-adjusted diet costs among 
Chinese adults. However, several limitations of our 
study should be mentioned. First, the participants’ food 
records were only collected  2 days by the 24-hour dietary 
recall method. Thus, the data may not provide an accu-
rate reflection of daily dietary behavior. Furthermore, 
seasonal and regional variations of food prices might 
introduce a potential bias for the assessment of the diet 
cost. However, the annual average price across multiple 

regions and seasons was used in this study, which may 
reduce this bias. However, considering the diverse demo-
graphics and regional variations within Henan province. 
The findings might not be applicable to other regions. 
Finally, considering the small sample size, we did not 
analyze the adjusted daily diet costs diet among different 
income levels subgroups. And more research from larger 
sample size and more diverse populations will be needed 
to conduct for analyzing the relationship of dietary cost 
and diet quality.

Conclusion
The present results showed that a higher daily energy-
adjusted cost diet tends to intake a high proportion of 
beneficial foods or nutrients. The daily energy-adjusted 
diet costs increased with increasing adherence to a high 
quality diet (NRF9.2, MAR, and ED). Furthermore, an 
increase in the energy-adjusted diet cost per day was 
associated with positive changes in NRF9.2 and MAR, 
and with a negative change in ED. The findings from 
our study indicated that the monetary costs of foods or 
diets should be considered for promoting dietary quality 
among Chinese adults from Henan province.

Acknowledgements
We thank the participants for their willingness to participate in this study. 
Our special thanks go to Yafei Sun and Xiumei Xu for their assistance with the 
collection and input of the data.

Author contributions
All authors had full access to all of the data and take responsibility for the 
integrity of the data and the accuracy of the data analysis. Baihui Ma, Lijun 
Guo, Yongxia Kong acquired the data. Junya Zhai, Baihui Ma, Fangfang Yao, 
Rui Liang analyzed and interpreted the data. Junya Zhai, Baihui Ma, Hongbo 
Wu, Pipasha Khatun drafted the manuscript, which was critically revised for 
important intellectual content by all authors. Quanjun Lyu and Minghua Cong 
were responsible for the statistical analysis and revised the manuscript. Junya 
Zhai supervised the study and is a guarantor.

Funding
There is no funding.

Data availability
The datasets used and/or analyzed during the current study are available from 
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
The Committee on Human Subjects at The First Affiliated Hospital of 
Zhengzhou University approved the study design (Protocol 2020–KY-066). All 
the subjects signed a consent form to participate in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 6 November 2023 / Accepted: 18 December 2024



Page 8 of 8Zhai et al. BMC Public Health          (2025) 25:410 

References
1.	 Health effects of dietary risks. In 195 countries, 1990–2017: a system-

atic analysis for the global burden of disease study 2017 [J]. Lancet. 
2019;393(10184):1958–72.

2.	 Darmon N, Drewnowski A. Does social class predict diet quality? [J]. Am J Clin 
Nutr. 2008;87(5):1107–17.

3.	 Cannuscio CC, Hillier A, Karpyn A, et al. The social dynamics of healthy 
food shopping and store choice in an urban environment [J]. Soc Sci Med. 
2014;122:13–20.

4.	 ​h​t​t​p​​:​/​/​​w​w​w​.​​e​u​​r​o​.​​w​h​o​​.​i​n​t​​/​_​​_​d​a​​t​a​/​​a​s​s​e​​t​s​​/​p​d​​f​_​f​​i​l​e​/​​0​0​​0​5​/​​2​7​0​​7​1​6​/​​E​u​​r​o​p​​e​-​n​​u​t​r​i​​e​
n​​t​-​p​​r​o​f​​i​l​e​-​​m​o​​d​e​l​-​2​0​1​5​-​e​n​.​p​d​f​?​u​a​=​1

5.	 Monsivais P, Drewnowski A. Lower-energy-density diets are associated with 
higher monetary costs per kilocalorie and are consumed by women of 
higher socioeconomic status [J]. J Am Diet Assoc. 2009;109(5):814–22.

6.	 Maillot M, Darmon N, Vieux F, et al. Low energy density and high nutritional 
quality are each associated with higher diet costs in French adults [J]. Am J 
Clin Nutr. 2007;86(3):690–6.

7.	 Darmon N, Drewnowski A. Contribution of food prices and diet cost to 
socioeconomic disparities in diet quality and health: a systematic review and 
analysis [J]. Nutr Rev. 2015;73(10):643–60.

8.	 Beydoun MA, Fanelli-Kuczmarski MT, Allen A, et al. Monetary value of 
diet is associated with dietary quality and nutrient adequacy among 
urban adults, differentially by sex, race and poverty status [J]. PLoS ONE. 
2015;10(11):e0140905.

9.	 Pondor I, Gan WY, Appannah G. Higher dietary cost is associated with higher 
diet quality: a cross-sectional study among selected Malaysian adults [J]. 
Nutrients, 2017,9(9).

10.	 Schröder H, Marrugat J, Covas MI. High monetary costs of dietary patterns 
associated with lower body mass index: a population-based study [J]. Int J 
Obes (Lond). 2006;30(10):1574–9.

11.	 Raynor HA, Kilanowski CK, Esterlis I, et al. A cost-analysis of adopting a health-
ful diet in a family-based obesity treatment program [J]. J Am Diet Assoc. 
2002;102(5):645–56.

12.	 Burney J, Haughton B, Efnep. A nutrition education program that demon-
strates cost-benefit [J]. J Am Diet Assoc. 2002;102(1):39–45.

13.	 Society CN. In: Office TSCI, editor. Report on Chinese nutrition and chronic 
disease. China: Beijing; 2020.

14.	 Zhou J, Leepromrath S, Zhou D. Dietary diversity indices v. dietary guideline-
based indices and their associations with non-communicable diseases, 
overweight and energy intake: evidence from China [J]. Public Health Nutr. 
2023;26(5):911–33.

15.	 Chang Z, Biesbroek S, Cai H, et al. Heterogeneity in diet-related non-
communicable disease risks in a Chinese population [J]. Eur J Nutr. 
2024;63(8):2975–86.

16.	 Zhang X, Gong Y, Jia P, et al. Monetary diet cost is positively associated with 
diet quality and obesity: an analysis of school-aged children in southwest 
China [J]. J Public Health (Oxf ). 2019;41(2):250–8.

17.	 Drewnowski A. The cost of us foods as related to their nutritive value [J]. Am J 
Clin Nutr. 2010;92(5):1181–8.

18.	 Bernstein AM, Bloom DE, Rosner BA, et al. Relation of food cost to healthful-
ness of diet among us women [J]. Am J Clin Nutr. 2010;92(5):1197–203.

19.	 Huang TT, Roberts SB, Howarth NC, et al. Effect of screening out implausible 
energy intake reports on relationships between diet and bmi [J]. Obes Res. 
2005;13(7):1205–17.

20.	 YuexinYang. China food composition tables [M]. 2019.
21.	 Zhai J, Ma B, Lyu Q et al. Validation of the nutrient-rich foods index estimated 

by 24-h dietary recall method among adults in Henan Province of China [J]. 
Public Health Nutr, 2022:1–9.

22.	 Nutrition CSo. Chinese dietary reference intakes (2013) [M]. Beijing,China: 
Science; 2014.

23.	 Drewnowski A, Fulgoni VL 3. Nutrient density: principles and evaluation tools 
[J]. Am J Clin Nutr. 2014;99(5 Suppl):S1223–8.

24.	 Madden JP, Goodman SJ, Guthrie HA. Validity of the 24-hr. Recall. Analysis of 
data obtained from elderly subjects [J]. J Am Diet Assoc. 1976;68(2):143–7.

25.	 Ledikwe JH, Blanck HM, Khan LK, et al. Dietary energy density determined 
by eight calculation methods in a nationally representative United States 
population [J]. J Nutr. 2005;135(2):273–8.

26.	 Cox DN, Mela DJ. Determination of energy density of freely selected diets: 
methodological issues and implications [J]. Int J Obes Relat Metab Disord. 
2000;24(1):49–54.

27.	 ​h​t​t​p​:​​​/​​/​f​g​​w​.​z​​h​e​n​​g​z​h​o​​​u​.​g​​​o​​v​.​​c​​n​/​s​​e​a​​r​​c​h​​/​i​n​​d​e​x​.​j​h​t​m​l
28.	 Zhenghua Zhou ZL, Pan C, Bo Deng. The price of foods related to their 

nutritive value in urban area of nanchong [J]. J North Sichuan Med Coll. 
2012;27(5):484–8.

29.	 Venn D, Dixon J, Banwell C, et al. Social determinants of household food 
expenditure in Australia: the role of education, income, geography and time 
[J]. Public Health Nutr. 2018;21(5):902–11.

30.	 Dibsdall LA, Lambert N, Bobbin RF, et al. Low-income consumers’ attitudes 
and behaviour towards access, availability and motivation to eat fruit and 
vegetables [J]. Public Health Nutr. 2003;6(2):159–68.

31.	 Andrieu E, Darmon N, Drewnowski A. Low-cost diets: more energy, fewer 
nutrients [J]. Eur J Clin Nutr. 2006;60(3):434–6.

32.	 Townsend MS, Aaron GJ, Monsivais P, et al. Less-energy-dense diets of low-
income women in california are associated with higher energy-adjusted diet 
costs [J]. Am J Clin Nutr. 2009;89(4):1220–6.

33.	 Darmon N, Ferguson EL, Briend A. Impact of a cost constraint on nutritionally 
adequate food choices for French women: an analysis by linear programming 
[J]. J Nutr Educ Behav. 2006;38(2):82–90.

34.	 McLaughlin C, Tarasuk V, Kreiger N. An examination of at-home food prepara-
tion activity among low-income, food-insecure women [J]. J Am Diet Assoc. 
2003;103(11):1506–12.

35.	 Ledikwe JH, Blanck HM, Khan LK, et al. Low-energy-density diets are associ-
ated with high diet quality in adults in the United States [J]. J Am Diet Assoc. 
2006;106(8):1172–80.

36.	 Drewnowski A, Specter SE. Poverty and obesity: the role of energy density 
and energy costs [J]. Am J Clin Nutr. 2004;79(1):6–16.

37.	 Darmon N, Briend A, Drewnowski A. Energy-dense diets are associated with 
lower diet costs: a community study of French adults [J]. Public Health Nutr. 
2004;7(1):21–7.

38.	 Drewnowski A, Monsivais P, Maillot M, et al. Low-energy-density diets are 
associated with higher diet quality and higher diet costs in French adults [J]. 
J Am Diet Assoc. 2007;107(6):1028–32.

39.	 Drewnowski A, Maillot M, Darmon N. Testing nutrient profile models in rela-
tion to energy density and energy cost [J]. Eur J Clin Nutr. 2009;63(5):674–83.

40.	 Drewnowski A. Nutrition economics: how to eat better for less [J]. J Nutr Sci 
Vitaminol (Tokyo), 2015,61 Suppl(S69-71.

41.	 Beydoun MA, Fanelli-Kuczmarski MT, Poti J, et al. Longitudinal change in the 
diet’s monetary value is associated with its change in quality and micronutri-
ent adequacy among urban adults [J]. PLoS ONE. 2018;13(10):e0204141.

42.	 Magnus A, Cobiac L, Brimblecombe J, et al. The cost-effectiveness of a 20% 
price discount on fruit, vegetables, diet drinks and water, trialled in remote 
Australia to improve indigenous health [J]. PLoS ONE. 2018;13(9):e0204005.

43.	 Monsivais P, Rehm CD, Drewnowski A. The dash diet and diet costs 
among ethnic and racial groups in the United States [J]. JAMA Intern Med. 
2013;173(20):1922–4.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

http://www.euro.who.int/__data/assets/pdf_file/0005/270716/Europe-nutrient-profile-model-2015-en.pdf?ua=1
http://www.euro.who.int/__data/assets/pdf_file/0005/270716/Europe-nutrient-profile-model-2015-en.pdf?ua=1
http://fgw.zhengzhou.gov.cn/search/index.jhtml

	﻿Low energy density, high nutrient adequacy and high nutrient density are each associated with higher diet costs in Chinese adults from Henan Province
	﻿Abstract
	﻿Introduction
	﻿Subjects and methods
	﻿Study design and population
	﻿Dietary and covariant assessment
	﻿Evaluation of nutrient-rich food index scores
	﻿Assessment of nutrient adequacy
	﻿Calculation of energy density
	﻿Daily diet costs
	﻿Quality control
	﻿Statistical analysis

	﻿Results
	﻿Sample characteristics
	﻿Means of food group intake and nutrients within each quartile of daily energy-adjusted diet cost
	﻿Multiple linear regression for the association of daily energy-adjusted diet costs with diet quality
	﻿Multiple linear regression for the association of diet quality with daily energy-adjusted diet costs

	﻿Discussion
	﻿Conclusion
	﻿References


