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Abstract
Objective
The global epidemic of overweight/obesity in children and adolescents poses a significant public health threat. This longitudinal study aims to investigate the relationship between adolescents’ and their parents’ dietary knowledge and overweight/obesity among adolescents in China.

Methods
Data were collected from the China Health and Nutrition Survey (CHNS) in 2004, 2006, 2009, 2011 and 2015. Overweight/obesity was defined according to the International Obesity Task Force (IOTF) cut-off for body mass index (BMI). A set of questions were used to assess the dietary knowledge scores of both adolescents and their parents during face-to-face interviews. Mixed effect models were used to analyze the data.

Results
A total of 2035 adolescents aged 12–17 years were included in the data analysis. The mean BMI increased from 19.2 in 2004 to 20.5 in 2015, with a significant increase in the prevalence of overweight and obesity from 6.8% and 0.5% in 2004 to 15.1% and 7.8% in 2015, respectively. Adolescents with medium-score dietary knowledge were less likely to be overweight/obese compared to those with low-score dietary knowledge (OR (95% CI): 0.20 (0.05–0.80), P < 0.05). However, there was no association between parental dietary knowledge and adolescents’ BMI or overweight/obesity (P > 0.05). Additionally, a significant interaction between adolescents’ dietary knowledge score and education in relation to adolescents’ BMI (P for interaction < 0.05).

Conclusion
Adolescents with medium dietary knowledge were less likely to be overweight/obese than those with low knowledge, but no association was found with parental knowledge. Promoting nutritional education and healthy eating habits is vital to prevent overweight/obesity.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s13690-023-01197-x.
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	Text box 1. Contributions to the literature

	•This study provides evidence that adolescents with medium-score dietary knowledge are less likely to be overweight/obese and highlights the need for nutrition education programs that promote healthy eating habits.

	•The study also suggests that parental dietary knowledge may not be significantly associated with adolescents’ BMI or overweight/obesity.

	•The results underscore the importance of targeting adolescent nutrition education to prevent and address the increasing prevalence of overweight/obesity in this population.

	•Future research could explore the effectiveness of various implementation strategies in promoting healthy eating habits among adolescents.




Introduction
In recent years, overweight and obesity in children and adolescents have become a major public health concern globally due to the alarming increase in prevalence [1]. In China, the rapid economic development and changes in dietary patterns and lifestyles have led to a substantial increase in the prevalence of overweight and obesity in children and adolescents. The latest national estimates indicate a prevalence of 11.1% for overweight and 7.9% for obesity in children and adolescents aged 6–17 years in 2015–2019 [2, 3]. This represents a significant increase in prevalence compared to monitoring data in 1992, where prevalence was 3.9% for overweight and 1.8% for obesity [2, 3]. Childhood and adolescent overweight are likely to lead to lifelong obesity [4], and being overweight during this period is associated with a higher risk of chronic disorders, such as type 2 diabetes [5–7].
Effective prevention strategies of childhood obesity remain a public health priority [8]. Previous studies have shown that enhancing nutrition knowledge can help individuals adopt healthy eating and exercise habits to achieve energy balance [9, 10]. The World Health Organization’s Commission on Ending Childhood Obesity has also emphasized the importance of promoting nutrition knowledge among adolescents and parents or caregivers [11].Previous research has primarily focused on the relationship between nutrition or dietary knowledge and body mass index (BMI) in adults [12–14], with limited attention given to adolescents and their parents. Findings on the associations between dietary knowledge and BMI have been mixed. O’Dea et al. found no association between nutrition knowledge and BMI in Australian children and adolescents aged 6–18 years [15], while Said et al. reported a significant positive correlation between BMI z-scores and total dietary knowledge scores in Lebanese adolescents aged 15–18 years and their parents [16]. Conversely, Kakinami et al. observed an inverse association between nutrition knowledge and adiposity among Canadian children aged 10–15 years [17]. Similarly, a cross-sectional study in China also found that adolescents aged 8–18 years with high levels of dietary knowledge may be negatively associated with overweight and obesity, but it did not explore the effect of parental dietary knowledge on children’s overweight and obesity [18]. In another study, Subih et al. found no significant association between maternal dietary knowledge and mean BMI among children and adolescents aged 6–18 years in north Jordan, but a significantly decreased mean waist circumference among those whose mothers had a moderate and high level of nutritional knowledge compared with those whose mothers had a low level of nutritional knowledge [19]. Given the increasing prevalence of overweight and obesity among children and adolescents and the crucial role of parents in shaping their dietary habits and nutritional status, it is crucial to understand the impact of adolescents’ and parental dietary knowledge on adolescents’ BMI and overweight/obesity. However, limited studies have investigated this topic, and longitudinal evidence is still lacking. Therefore, this study aims to investigate the impact of dietary knowledge of Chinese adolescents aged 12–17 years and their parents on adolescents’ BMI and the prevalence of overweight and obesity, using longitudinal data from the China Health and Nutrition Survey (CHNS) conducted in 2004, 2006, 2009, 2011, and 2015.

Methods and materials
Study design and study sample
The China Health and Nutrition Survey (CHNS) is an ongoing international collaborative project designed to investigate the impact of social and economic changes on nutrition and health outcomes in China [20]. Surveys were conducted every 2–4 years. More details of the CHNS design, sampling and cohort profile information have been described in previous researches [21, 22]. The study was approved by the Institutional Review Boards of the University of North Carolina at Chapel Hill and the National Institute of Nutrition and Food Safety, China Center for Disease Control and Prevention. Each participant signed informed consent by their parents or caregivers.
The dietary knowledge survey began in 2004, and available CHNS data from surveys conducted in 2004, 2006, 2009, 2011, and 2015 was utilized in this study. Individuals above the age of 12 were invited to answer the section on dietary knowledge. Hence, 3,620 adolescents aged 12–17 years participated in at least one of the five waves of surveys. Furthermore, we excluded adolescents who had no height and weight information or implausible BMI, those who had no dietary knowledge information, and whose parents had no dietary knowledge information. Finally, 2,035 adolescents were included in our data analysis (Fig. 1), numbers of adolescents extracted were 630 (2004), 423 (2006), 367 (2009), 410 (2011), 205 (2015).
[image: ]
Fig. 1Participant flow chart



Outcome variables: BMI and overweight/obesity
The weight and height of adolescents were measured by at least two trained health professionals who followed standard protocol and techniques. One professional took the measurements, while another recorded the reading data. Weight was measured in light indoor clothing without shoes to the nearest tenth of a kilogram using a beam balance scale, and height was measured without shoes to the nearest tenth of a centimeter using a portable stadiometer [23]. BMI, defined as the body weight in kilograms divided by the squared body height in meters, is used here as the indicator of adolescents’ overweight and obesity. Moreover, overweight and obesity were defined based on the International Obesity Task Force (IOTF) recommended age-sex-specific BMI cut-off-points [24].

Exposure variables: dietary knowledge of adolescents and their parents
The description of 17 questions in terms of dietary knowledge is presented in Supplementary Tables 1, which includes 12 questions from the 2004, 2006, 2009, and 2011 surveys and five additional questions added in 2015. The five new questions added in 2015 were: “eating salty foods can cause hypertension”, “refined grains (rice and wheat flour) contain more vitamins and minerals than unrefined grains”, “lard is healthier than vegetable oils”, “vegetables contain more starch than staple foods (rice or wheat flour)”, “eggs and milk are the important sources of high-quality protein”. And these 17 questions have been validated in previous studies [14, 18]. Responses to the dietary knowledge questions were categorized as correct, wrong, neutral, or unknown, with a score of 1 assigned for a correct answer and 0 for a wrong, neutral, or unknown answer. To ensure comparability, we transformed the scores into percentages for each survey wave, and then divided the scores into tertiles for both adolescents and their parents for the analysis.

Covariates
Adolescents’ age, sex (boys/girls), residence (urban/rural areas), per capita annual family income (tertiles: low, medium, and high), education level of adolescents and their parents (low: primary school or below; medium: secondary school/secondary vocational school; high: high school or above), overweight and obesity status of adolescents’ parents (no/yes), physical activity (metabolic equivalent of task (MET), h /week), parental diagnosed hypertension (no/yes), and parental diagnosed diabetes (no/yes), were considered as covariates in this study. And the classifications of these variables were based on previous studies [25, 26].

Statistical analysis
Descriptive statistics were used to summarize the sample characteristics. Categorical variables were described using frequencies and percentages, while the mean (standard deviation) was used to describe adolescents’ and their parents’ BMI. Missing values of the covariates were imputed using regression imputation with the ‘mi impute regress’ command in Stata [27, 28]. We used the chi-square test for categorical variables and ANOVA for continuous variables to compare differences between groups. Then, we used mixed effect models in Stata to assess the association between adolescents’ and parental dietary knowledge and adolescents’ BMI and overweight/obesity adjusting for covariates. In addition, we conducted a subgroup analysis of the associations between adolescents’ and parental dietary knowledge and adolescent’ BMI and overweight/obesity by sociodemographic characteristics. All tests were two-sided, and P-value < 0.05 was considered to be statistically significant. All the analyses were performed using STATA 15.1 (Stata Corporation, College Station).


Results
Characteristics of the study sample
Table 1a and Table 1b present the descriptive statistics for Chinese adolescents aged 12–17 years in the CHNS across tertile of both adolescents’ and their parental dietary knowledge scores. Our study included 2,035 adolescents, of whom 54.7% were aged 12–14 years, 53.6% were boys, and 68.4% resided in rural areas. The majority (63.4%) of the adolescents attended secondary school/secondary vocational school, and approximately half of their fathers (45.2%) and mothers (43.0%) had a medium level of education. Moreover, 11.6% of the adolescents were classified as overweight or obese, while 42.6% and 36.8% of their fathers and mothers, respectively, were classified as overweight or obese. Besides, we observed no significant difference in the overweight/obesity rates across tertiles of the adolescents’ dietary knowledge scores (P = 0.05), and observed that adolescents’ BMI was significantly higher when their parents’ dietary knowledge scores were in the high group.
Table 1aSample characteristics by tertiles of adolescents’ dietary knowledge score: CHNS (N = 2035)


	Characteristics
	Total
	Adolescents’ dietary knowledge score
	P-value

	Tertile 1
	Tertile 2
	Tertile 3

	Sample (n)
	N = 2035
	 N = 485
	 N = 702
	 N = 848
	 
	Age (n, %)
	 	 	 	 	0.01*

	 12–14
	1113 (54.7)
	296 (61.0)
	371 (52.8)
	446 (52.6)
	 
	 15–17
	922 (45.3)
	189 (39.0)
	331 (47.2)
	402 (47.4)
	 
	Sex (n, %)
	 	 	 	 	0.09

	 Boys
	1,091 (53.6)
	277 (57.1)
	381 (54.3)
	433 (51.1)
	 
	 Girls
	944 (46.4)
	208 (42.9)
	321 (45.7)
	415 (48.9)
	 
	Residence (n, %)
	 	 	 	 	< 0.01**

	 Rural
	1,391 (68.4)
	349 (72.0)
	470 (67.0)
	572 (67.5)
	0.14

	 Urban
	644 (31.6)
	136 (28.0)
	232 (33.0)
	276 (32.5)
	 
	Family income (n, %)
	 	 	 	 	0.25

	 Low
	405 (19.9)
	100 (20.6)
	147 (20.9)
	158 (18.6)
	 
	 Medium
	696 (34.2)
	178 (36.7)
	241 (34.3)
	277 (32.7)
	 
	 High
	934 (45.9)
	207 (42.7)
	314 (44.7)
	413 (48.7)
	 
	Adolescents’ education level (n, %)
	 	 	 	 	< 0.01**

	 Low
	292 (14.3)
	97 (20.0)
	90 (12.8)
	105 (12.4)
	 
	 Medium
	1291 (63.4)
	303 (62.5)
	453 (64.5)
	535 (63.1)
	 
	 High
	452 (22.2)
	85 (17.5)
	159 (22.6)
	208 (24.5)
	 
	Father’s education level (n, %)
	 	 	 	 	0.06

	 Low
	412 (20.2)
	116 (23.9)
	135 (19.2)
	161 (19.0)
	 
	 Medium
	919 (45.2)
	222 (45.8)
	325 (46.3)
	372 (43.9)
	 
	 High
	704 (34.6)
	147 (30.3)
	242 (34.5)
	315 (37.1)
	 
	Mother’s education level (n, %)
	 	 	 	 	0.03*

	 Low
	619 (30.4)
	168 (34.6)
	196 (27.9)
	255 (30.1)
	 
	 Medium
	875 (43.0)
	210 (43.3)
	316 (45.0)
	349 (41.2)
	 
	 High
	541 (26.6)
	107 (22.1)
	190 (27.1)
	244 (28.8)
	 
	Survey year (n, %)
	 	 	 	 	< 0.01**

	 2004
	630 (31.0)
	97 (20.0)
	216 (30.8)
	317 (37.4)
	 
	 2006
	423 (20.8)
	104 (21.4)
	175 (24.9)
	144 (17.0)
	 
	 2009
	367 (18.0)
	91 (18.8)
	129 (18.4)
	147 (17.3)
	 
	 2011
	410 (20.1)
	89 (18.4)
	118 (16.8)
	203 (23.9)
	 
	 2015
	205 (10.1)
	104 (21.4)
	64( 9.1)
	37(4.4)
	 
	Adolescents’ BMI (kg/m2), mean (SD)
	19.5 (3.3)
	19.4 (3.6)
	19.5(3.2)
	19.5(3.2)
	0.77

	Adolescents’ BMI category (n, %)
	 	 	 	 	0.05

	 Not overweight or obese
	1,799 (88.4)
	414 (85.4)
	629 (89.6)
	756 (89.2)
	 
	 Overweight or obese
	236 (11.6)
	71 (14.6)
	73 (10.4)
	92 (10.8)
	 
	Father’s BMI (kg/m2), mean (SD)
	23.7 (3.2)
	23.7(3.2)
	23.7(3.1)
	23.7 (3.3)
	0.96

	Father’s BMI category (n, %)
	 	 	 	 	0.83

	 Not overweight or obese
	1169 (57.4)
	283 (58.4)
	405 (57.7)
	481 (56.7)
	 
	 Overweight or obese
	866 (42.6)
	202 (41.6)
	297 (42.3)
	367 (43.3)
	 
	Mother’s BMI (kg/m2), mean (SD)
	23.3 (3.2)
	23.3 (3.2)
	23.2 (3.2)
	23.3 (3.2)
	0.85

	Mother’s BMI category (n, %)
	 	 	 	 	0.96

	 Not overweight or obese
	1286 (63.2)
	307 (63.3)
	446 (63.5)
	533 (62.9)
	 
	 Overweight or obese
	749 (36.8)
	178 (36.7)
	256 (36.5)
	315 (37.1)
	 

Data are presented as mean (SD) for continuous measures, and n (%) for categorical measures
* P < 0.05; ** P < 0.01



Table 1bSample characteristics by tertiles of parental dietary knowledge score: CHNS (N = 2035)


	Characteristics
	Fathers’ dietary knowledge score
	P-value
	Mothers’ dietary knowledge score
	P-value

	Tertile 1
	Tertile 2
	Tertile 3
	 	Tertile 1
	Tertile 2
	Tertile 3

	Sample (n)
	N = 415
	 N = 659
	 N = 961
	 	 N = 410
	 N = 704
	 N = 921
	 
	Age (n, %)
	 	 	 	0.13
	 	 	 	0.07

	 12–14
	245 (59.0)
	357 (54.2)
	511 (53.2)
	 	239 (58.3)
	395 (56.1)
	479 (52.0)
	 
	 15–17
	170 (41.0)
	302 (45.8)
	450 (46.8)
	 	171 (41.7)
	309 (43.9)
	442 (48.0)
	 
	Sex (n, %)
	 	 	 	0.22
	 	 	 	0.85

	 Boys
	234 (56.4)
	337 (51.1)
	520 (54.1)
	 	224 (54.6)
	379 (53.8)
	488 (53.0)
	 
	 Girls
	181 (43.6)
	322 (48.9)
	441 (45.9)
	 	186 (45.4)
	325 (46.2)
	433 (47.0)
	 
	Residence (n, %)
	 	 	 	< 0.01**
	 	 	 	< 0.01**

	 Rural
	318 (76.6)
	435 (66.0)
	638 (66.4)
	 	313 (76.3)
	491 (69.7)
	587 (63.7)
	 
	 Urban
	97 (23.4)
	224 (34.0)
	323 (33.6)
	 	97 (23.7)
	213 (30.3)
	334 (36.3)
	 
	Family income (n, %)
	 	 	 	< 0.01**
	 	 	 	< 0.01**

	 Low
	112 (27.0)
	132 (20.0)
	161 (16.8)
	 	110 (26.8)
	145 (20.6)
	150 (16.3)
	 
	 Medium
	119 (28.7)
	252 (38.2)
	325 (33.8)
	 	141 (34.4)
	249 (35.4)
	306 (33.2)
	 
	 High
	184 (44.3)
	275 (41.7)
	475 (49.4)
	 	159 (38.8)
	310 (44.0)
	465 (50.5)
	 
	Adolescents’ education level (n, %)
	 	 	 	< 0.01**
	 	 	 	< 0.01**

	 Low
	80 (19.3)
	72 (10.9)
	140 (14.6)
	 	73 (17.8)
	109 (15.5)
	110 (11.9)
	 
	 Medium
	258 (62.2)
	453 (68.7)
	580 (60.4)
	 	260 (63.4)
	452 (64.2)
	579 (62.9)
	 
	 High
	77 (18.6)
	134 (20.3)
	241 (25.1)
	 	77 (18.8)
	143 (20.3)
	232 (25.2)
	 
	Father’s education level (n, %)
	 	 	 	< 0.01**
	 	 	 	< 0.01**

	 Low
	112 (27.0)
	126 (19.1)
	174 (18.1)
	 	111 (27.1)
	141 (20.0)
	160 (17.4)
	 
	 Medium
	199 (48.0)
	314 (47.6)
	406 (42.2)
	 	184 (44.9)
	334 (47.4)
	401 (43.5)
	 
	 High
	104 (25.1)
	219 (33.2)
	381 (39.6)
	 	115 (28.0)
	229 (32.5)
	360 (39.1)
	 
	Mother’s education level (n, %)
	 	 	 	< 0.01**
	 	 	 	< 0.01**

	 Low
	159 (38.3)
	191 (29.0)
	269 (28.0)
	 	170 (41.5)
	222 (31.5)
	227 (24.6)
	 
	 Medium
	183 (44.1)
	285 (43.2)
	407 (42.4)
	 	171 (41.7)
	307 (43.6)
	397 (43.1)
	 
	 High
	73 (17.6)
	183 (27.8)
	285 (29.7)
	 	69 (16.8)
	175 (24.9)
	297 (32.2)
	 
	Survey year (n, %)
	 	 	 	< 0.01**
	 	 	 	< 0.01**

	 2004
	92 (22.2)
	204 (31.0)
	334 (34.8)
	 	96 (23.4)
	205 (29.1)
	329 (35.7)
	 
	 2006
	101 (24.3)
	148 (22.5)
	174 (18.1)
	 	87 (21.2)
	165 (23.4)
	171 (18.6)
	 
	 2009
	64 (15.4)
	102 (15.5)
	201 (20.9)
	 	75 (18.3)
	126 (17.9)
	166 (18.0)
	 
	 2011
	64 (15.4)
	134 (20.3)
	212 (22.1)
	 	68 (16.6)
	130 (18.5)
	212 (23.0)
	 
	 2015
	94 (22.7)
	71 (10.8)
	40( 4.2)
	 	84 (20.5)
	78 (11.1)
	43 (4.7)
	 
	Adolescents’ BMI (kg/m2), mean (SD)
	19.4(3.6)
	19.2 (3.0)
	19.7(3.2)
	0.03*
	19.2 (3.4)
	19.3(3.2)
	19.7(3.3)
	0.01*

	Adolescents’ BMI category (n, %)
	 	 	 	0.33
	 	 	 	0.06

	 Not overweight or obese
	367 (88.4)
	592 (89.8)
	840 (87.4)
	 	365 (89.0)
	636 (90.3)
	798 (86.6)
	 
	 Overweight or obese
	48 (11.6)
	67 (10.2)
	121 (12.6)
	 	45 (11.0)
	68( 9.7)
	123 (13.4)
	 
	Father’s BMI (kg/m2), mean (SD)
	23.3(3.3)
	23.7 (3.1)
	23.9 (3.1)
	0.01*
	23.4(3.3)
	23.6(3.1)
	23.9(3.2)
	0.03*

	Father’s BMI category (n, %)
	 	 	 	0.03*
	 	 	 	0.28

	 Not overweight or obese
	261 (62.9)
	376 (57.1)
	532 (55.4)
	 	245 (59.8)
	412 (58.5)
	512 (55.6)
	 
	 Overweight or obese
	154 (37.1)
	283 (42.9)
	429 (44.6)
	 	165 (40.2)
	292 (41.5)
	409 (44.4)
	 
	Mother’s BMI (kg/m2), mean (SD)
	23.2 (3.4)
	23.2 (3.0)
	23.4 (3.2)
	0.29
	23.3 (3.3)
	23.2 (3.2)
	23.4 (3.1)
	0.45

	Mother’s BMI category (n, %)
	 	 	 	0.47
	 	 	 	0.73

	 Not overweight or obese
	267 (64.3)
	425 (64.5)
	594 (61.8)
	 	256 (62.4)
	453 (64.3)
	577 (62.6)
	 
	 Overweight or obese
	148 (35.7)
	234 (35.5)
	367 (38.2)
	 	154 (37.6)
	251 (35.7)
	344 (37.4)
	 

Data are presented as mean (SD) for continuous measures, and n (%) for categorical measures
* P < 0.05; ** P < 0.01




The trend in BMI, BMI categories of adolescents and adolescents’ and parental dietary knowledge score by survey year
Figure 2 displays a significant increase in the BMI of Chinese adolescents in our study from 2004 to 2015. Mean BMI increased from 19.2 kg/m2 to 20.5 kg/m2 over the survey period, with the prevalence of overweight more than doubling from 6.8% to 15.1% and the prevalence of obesity increasing approximately thirteen times from 0.6% to 7.8%. In contrast, the proportion of underweight adolescents decreased from 18.1% to 13.2%.
[image: ]
Fig. 2Trend in BMI and BMI categories of adolescents (CHNS 2004, 2006, 2009, 2011, 2015)


Figure 3 illustrates the mean scores of adolescents’ and their parents’ dietary knowledge from 2004 to 2015. The mean score of adolescents’ dietary knowledge was 77.2, 71.0, 72.6, and 75.0 in 2004, 2006, 2009, and 2011, respectively, while the mean score of parents’ dietary knowledge was 77.6, 73.1, 77.1, and 77.4 for fathers and 77.2, 72.8, 74.3, and 77.1 for mothers during the same period. However, the lowest scores were observed in 2015, with adolescents and their parents achieving mean scores of 63.3, 66.0, and 66.8, respectively.
[image: ]
Fig. 3Trend in adolescents’ and parental dietary knowledge score (CHNS 2004, 2006, 2009, 2011, 2015)



Associations between adolescents’ and parental dietary knowledge score and BMI and overweight/obesity of adolescents
Associations between adolescents’ and parental dietary knowledge score and BMI and overweight/obesity of adolescents are presented in Table 2. After adjusting for covariates, compared with low-score group, adolescents with medium-score dietary knowledge were less likely to be overweight/obesity (OR: 0.20, 95% CI: 0.05–0.80), P < 0.05). However, there were no significant differences between parental dietary knowledge score, and BMI or overweight/obesity status of adolescents (P > 0.05).
Table 2Mixed effect models on the associations between adolescents’ and parental dietary knowledge score and overweight/obesity of adolescents aged 12–17 years old


	Variables
	Adjusted model a (BMI as categorical variable)
	Adjusted model a (BMI as continuous variable)

	OR (95% CI)
	P-value
	β (95% CI)
	P-value

	Dietary knowledge score of adolescents
	 	 	 	 
	Medium vs. low
	0.20 (0.05–0.80)
	0.02*
	-0.09 (-0.40–0.23)
	0.59

	High vs. low
	0.47 (0.15–1.50)
	0.20
	-0.29 (-0.33–0.27)
	0.85

	Dietary knowledge score of adolescents’ fathers
	 	 	 	 
	Medium vs. low
	0.50 (0.12–2.04)
	0.34
	-0.24 (-0.56–0.09)
	0.15

	High vs. low
	0.21 (0.05–0.99
	0.06
	0.01 (-0.29–0.32)
	0.93

	Dietary knowledge score of adolescents’ mothers
	 	 	 	 
	Medium vs. low
	0.34 (0.08–1.40)
	0.14
	-0.17 (-0.49–0.15)
	0.31

	High vs. low
	0.45 (0.12–1.64)
	0.23
	0.03 (-0.29–0.34)
	0.85


a Adjusted for adolescents’ age and sex, residence, per capita annual family income, physical activity level, adolescents’ education and parental education, parental hypertension and diabetes and parental overweight/obesity status
* P < 0.05




Subgroup analysis of the associations between adolescents’ dietary knowledge score and BMI and overweight/obesity
No significant interactions were observed between adolescents’ dietary knowledge score and sex, residence, or per capita annual family income for their overweight/obesity status (Table 3). Similarly, no significant interactions were observed between adolescents’ dietary knowledge score and sex, residence, or per capita annual family income for their BMI. However, a significant interaction was observed between adolescents’ dietary knowledge score and education. Among adolescents with high school education or above, a high dietary knowledge score was negatively associated with BMI (P for interaction <0.05). However, no statistically significant association was found between participants with low or medium levels of education and adolescent’s BMI.
Table 3Subgroup analysis of the associations between adolescents’ dietary knowledge score and BMI and overweight/obesity: CHNS (2004–2015)


	Variables
	BMI as a categorical variable
	 	BMI as a continuous variable
	P for interaction

	Adolescents’ dietary knowledge score ((OR (95%CI))
	P for interaction
	Adolescents’ dietary knowledge score (β (95%CI))

	Low
	Medium
	High
	 	Low
	Medium
	High

	Sex
	 	 	 	0.42
	 	 	 	0.83

	Boys
	1.00
	0.69 (0.41–1.15)
	0.50 (0.29–0.87)
	 	0.00
	-0.12 (-0.57–0.31)
	-0.02(-0.40–0.44)
	 
	Girls
	1.00
	0.65 (0.33–1.30)
	0.77 (0.40–1.49)
	 	0.00
	0.06(-0.50–0.37)
	-0.05 (-0.47–0.36)
	 
	Residence
	 	 	 	0.45
	 	 	 	0.20

	Rural
	1.00
	0.66 (0.40–1.11)
	0.72 (0.43–1.23)
	 	0.00
	0.08 (-0.30–0.45)
	0.14 (-0.22–0.50)
	 
	Urban
	1.00
	0.64 (0.32–1.28)
	0.42 (0.20–0.87)
	 	0.00
	-0.60 (-1.14–-0.06)
	-0.45 (-0.98–0.07)
	 
	Family income
	 	 	 	0.56
	 	 	 	0.20

	Low
	1.00
	0.82 (0.26–2.60)
	1.38 (0.42–4.51)
	 	0.00
	0.61 (0.01–1.21)
	0.62 (0.03–1.23)
	 
	Medium
	1.00
	0.42 (0.20–0.90)
	0.35 (0.16–0.76)
	 	0.00
	-0.31 (-0.76–0.15)
	-0.20 (-0.63–0.22)
	 
	High
	1.00
	0.84 (0.48–1.48)
	0.68 (0.38–1.21)
	 	0.00
	-0.02 (-0.58–0.56)
	-0.19 (-0.73–0.35)
	 
	Adolescents’ education
	 	 	 	0.46
	 	 	 	0.04*

	Low
	1.00
	0.22 (0.07–0.69)
	0.18 (0.06–0.58)
	 	0.00
	-0.26 (-1.19–0.66)
	0.00 (-0.86–0.85)
	 
	Medium
	1.00
	0.90 (0.53–1.54)
	0.90 (0.52–1.55)
	 	0.00
	0.09 (-0.30–0.48)
	0.10 (-0.27–0.48)
	 
	High
	1.00
	0.58 (0.23–1.44)
	0.38 (0.15–0.98)
	 	0.00
	-0.81 (-1.56–--0.05)
	-1.05 (-1.78–-0.33)
	 

Results in bold are statistically significant (P < 0.05)
a Adjusted for adolescents’ age and sex, residence, per capita annual family income, physical activity level, adolescents’ education and parental education, parental hypertension and diabetes and parental overweight/obesity status
* P < 0.05





Discussion
This prospective cohort study found an inverse association between Chinese adolescents’ dietary knowledge and their overweight/obesity status but not with BMI. However, no statistically significant association was found between parental dietary knowledge and adolescents’ BMI or overweight/obesity. Improving the level of adolescents’ dietary knowledge can be considered an important measure for preventing and controlling overweight/obesity.
To the best of our knowledge, this is the first longitudinal study that examines the associations between adolescents’ and parental dietary knowledge and adolescents’ BMI and overweight/obesity. The current study found that adolescents with medium-score dietary knowledge were less likely to be overweight/obesity compared those with low dietary knowledge score. The results were similar with previous cross-sectional studies among children and adolescents in Turkey [29], China [30], which reported a significant reduction in the odds ratio of obesity with increasing levels of nutrition knowledge. Improving nutrition knowledge in children and adolescents may help promote healthy dietary habits and intake [31, 32]. Dietary behaviors play a crucial role in determining the obesity risk of children and adolescents [33]. Thus, it is possible that the higher level of dietary knowledge among adolescents in the present study was associated with a greater adherence to healthy dietary behaviors, which in turn resulted in a lower risk of overweight/obesity. Future studies should examine the mediating role of dietary behaviors between dietary knowledge and overweight/obesity in Chinese adolescents. However, we found that high dietary knowledge scores in adolescents did not necessarily lead to a reduced risk of overweight and obesity. While possessing knowledge on healthy dietary behaviors is essential, it does not necessarily translate to consistent healthy eating habits. Adolescents may still consume high-calorie foods and have a lack of physical activity, leading to an increased risk of overweight and obesity, despite their awareness of healthy eating [34]. Conversely, adolescents with moderate dietary knowledge may not have fully mastered how to achieve a healthy diet. As a result, they may display a greater motivation to strictly control their diet, in order to reduce the risk of overweight and obesity. This finding might suggest that achieving a healthy diet is not solely dependent on having high levels of dietary knowledge but also on adopting healthy eating behaviors consistently [33].Also, some studies targeting children have reported no significant correlation between nutrition or dietary knowledge levels and nutritional status [15, 35]. Age-related differences may contribute to the contradictory findings in previous studies. For younger children, parents or caregivers play a significant role in helping children develop healthy behaviors and are responsible for daily diet decisions, making adolescents’ dietary knowledge less influential. This explanation could apply to our another finding that parental dietary knowledge was not significantly associated with adolescents’ BMI or overweight/obesity status. The age of investigated adolescents was 12–17 years old in this study, and they are experiencing the period of adolescent rebellion and might have been less compliant to parents or caregivers, and they develop independent thoughts when it comes to eating behaviors [36]. Story et al. mentioned that as adolescents go through significant changes during this period, such as growing independence and eating away from home, parents have less control over what their children eat [37]. Additionally, Asakura et al. pointed out that communication between caregivers and children about nutrition and foods might be insufficient, thus, the nutrition knowledge of caregivers may have a slight effect on the dietary intake of their children [38], not to mention those adolescents who were boarding at school. Williams et al. demonstrated that parents with high dietary knowledge may provide children and adolescents with a healthy diet, but adolescents might be able to alter a variety of foods offered from their parents frequently by refusing foods they would not like to consume [39]. And Räsänen et al. reported that when a nutrition counseling intervention was given to parents, the nutrition knowledge score of children was not improved in the intervention group compared with the control group [40]. Moreover, in many countries, especially in China, due to the traditional family structure of three-generation households, grandparental child care is more prevalent and plays a significant role in child care [41, 42]. As grandparents assume the role of parents in children’s lives, they may exert more influence over children’s dietary behaviors and nutritional status compared to parents. Therefore, further studies should explore the impact of grandparents’ dietary knowledge on the nutritional status of children and adolescents. These findings suggest that food education programs targeting adolescents may be more effective in improving their nutritional status than programs aimed at parents in China.
Our study found a significant interaction between adolescents’ dietary knowledge score and education in relation to adolescents’ BMI. Specifically, among adolescents with high school education or above, a high dietary knowledge score was negatively associated with BMI. However, no such association was found in participants with low or medium levels of education. These results suggest that adolescents with higher levels of education may be more likely to consistently apply their dietary knowledge in practice. Thus, educational level should be taken into consideration when analyzing the association between dietary knowledge and adolescents’ nutritional status.
The prevalence of overweight and obesity among Chinese adolescents is a critical issue emphasized in our study. Yaru et al. reported an overall upward trend of overweight/obesity among Chinese children and adolescents from 1991 to 2015 in a recent meta-analysis [43]. Our results confirmed that overweight/obesity of adolescents are becoming an increasingly serious matter in China. The prevalence of overweight has increased from 6.8% in 2004 to 15.1% in 2015, and the prevalence of obesity remarkably increased approximately thirteen times from 0.6% in 2004 to 7.8% in 2015. Some measures, such as improving the level of adolescents’ dietary knowledge according to the results of this study should be considered. In addition, it is worth noting that adolescents’ dietary knowledge score are 77.2, 71.0, 72.6, 75.0 in 2004, 2006, 2009 and 2011, respectively, while it dropped to 63.3 in 2015. The different difficulty degree between five new questions added in the survey of 2015 and the questions in previous surveys may be one possible reason. More importantly, it reflects that dietary knowledge of Chinese adolescents needs to be improved over recent years in China. However, dietary education is not yet a part of the curriculum for Chinese students leaving few scientific and rational channels for students to obtain accurate and systematic dietary knowledge [13]. Systematic dietary nutrition education is urgently needed, in China and what is more importantly is that incorporating dietary/nutrition courses into the current compulsory education system, and consequently, decreasing the overweight/obesity rate of Chinese children and adolescents.
The results from the present study should be interpreted with caution as there are some limitations. Firstly, we only measured general dietary knowledge, which may not fully reflect the entire spectrum of dietary knowledge. Thus, there may be some biases in accurately and objectively assessing the level of adolescents’ and parental dietary knowledge. Secondly, the use of self-reported data may introduce biases caused by dishonesty and measurement flaws. Thirdly, we were unable to consider the impact of confounding factors such as TV programs, applications or video games on our results, due to the lack of relevant data in the CHNS. Despite these limitations, our study addresses the existing gap in the literature regarding the influence of adolescents’ and parents’ dietary knowledge on adolescents’ weight status and aims to contribute to the effective prevention and control of obesity among this population. Additionally, the longitudinal data provided stronger evidence than a cross-sectional study.

Conclusion
Our study confirms the increasing seriousness of overweight and obesity among Chinese adolescents aged 12–17 years. The results of our mixed-effect models suggest that adolescents with medium-score dietary knowledge were less likely to be overweight/obese compared to those with low-score dietary knowledge, while no significant association was found between parental dietary knowledge and adolescents’ BMI or overweight/obesity. Our findings highlight the need to promote nutrition education programs that improve dietary knowledge and healthy eating habits among adolescents, as a preventative measure for overweight/obesity.
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