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Background

The association between serum cystatin C levels and obesity has not been fully explored in adolescents. This study aimed to explore the association between serum cystatin C levels and obesity in adolescents of different sexes.



Methods

We conducted a cross-sectional study including 481 adolescents aged 14−17 years. Cystatin C level was measured by immunoassay. Health examinations data, biochemical parameters, and questionnaire information were collected. The restricted cubic spline model analyzed the association between cystatin C levels and obesity in boys and girls.



Results

Boys exhibited significantly higher cystatin C levels than girls, with a mean level of 0.97 ± 0.10 mg/L in boys and 0.86 ± 0.09 mg/L in girls (P < 0.001). The restricted cubic spline model suggested that low or high cystatin C levels were associated with an increased risk of obesity in boys, whereas only higher cystatin C levels were associated with an increased risk of obesity in girls.



Conclusions

A U-shaped correlation was observed between serum cystatin C levels and the risk of obesity in boys. However, in girls, the risk of obesity showed a trend of initially increase and then decrease with increasing cystatin C levels. Longitudinal studies should be conducted to further investigate the diagnostic potential of cystatin C in the progression of early obesity in adolescents of different sexes.
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Introduction

Overweight and obesity pose a great threat to population health in various countries. Obesity is one of the significant risk factors for many noncommunicable diseases, including hypertension, dyslipidemia, and some types of cancer (1). However, a large proportion of obesity in adults stems from obesity in childhood. Weight gain during childhood and adolescence is likely to contribute to overweight and obesity for life (2). Meanwhile, overweight or obesity in childhood and adolescence can significantly increase the incidence of adult obesity, as well as obesity-related disease morbidity and early mortality (3). The morbidity rate of obesity in children increased from 4% in 1975 to more than 18% in 2016 (4). A total of 50 million girls and 74 million boys developed obesity worldwide in 2016 (5). More than 50% of adults and nearly 20% of children and adolescents developed overweight or obesity in 2019, according to the latest national data from China (6). Obesity in children also leads to many health problems, including hypertension, high total cholesterol, and impaired glucose tolerance (7). Obesity in children has become a serious public health issue in various countries around the world (8). Therefore, early detection and prompt treatment of children and adolescents with obesity are very important to avoid or delay the occurrence of obesity and chronic diseases in adults.

Cystatin C is an essential protein that is non-glycosylated and filtered by the glomerulus (9). It is considered as an indicator for evaluating renal function (10). Data suggest a potential genetic link between nonalcoholic fatty liver disease and chronic kidney disease in children (11). Studies on adults have reported a positive correlation between cystatin C level and body mass index (BMI) or waist circumference (WC) (12). Further, some data suggested that increased cystatin C levels could be regarded as an early prognostic indicator of vascular risk in children with obesity (13). Many studies have been conducted on cystatin C levels in adults, but few on the association between cystatin C level and overweight or obesity in adolescents. Currently, no normal reference value range exists for cystatin C levels in adolescents. Thus, the primary goal of this cross-sectional study was to investigate the association between cystatin C and overweight or obesity in adolescence. It used the serum cystatin C level as an indicator of early obesity in adolescents to promote early preventive intervention for overweight or obesity so as to reduce the incidence of obesity and obesity-related diseases in adults.



Materials and Methods


Study Population

In this study, all participants were selected by random cluster sampling from a high school in Huanggu District, Shenyang City, Liaoning Province. A cross-sectional survey was conducted on health examinations, biological sample collection, and questionnaire administered to these adolescents. Thus, 481 adolescents whose ages ranged from 14 to 17 years were included.

The inclusion criteria were adolescents with complete anthropometric and biospecimen data. We excluded adolescents with kidney disease, endocrine disease, autoimmune disease, and infectious disease as well as those taking any medication by asking the medical history. Furthermore, we identified and excluded one isolated extreme value of cystatin C level (0.39 mg/L).



Health Examinations

Trained investigators performed measurements under standard conditions and uniform specifications. Anthropometric measurements were recorded using a fully automated electronic scale (equipment and methods were referenced to GB/T26343), and the instruments used were uniform and calibrated.

Height and weight were measured with the adolescents without shoes and wearing light clothes. Height was measured with the adolescents standing on the bottom plate of the human body altimeter. Weight was measured with the adolescents standing on at the center of the weighing scale. The readings were recorded in “cm” and “kg” and recorded to one decimal place. The BMI was equal to weight divided by height squared (kg/m2), retained to one decimal place. The WC was measured with the adolescents standing naturally and with a nonelastic tape around the central level of the umbilicus from the end of exhalation. It was recorded in “cm” and read to one decimal place. The waist-to-height ratio (WHtR) was equal to WC (cm) divided by height (cm), without unit.

The blood pressure was measured using a Riva-Rocci sphygmomanometer. An L-type (32−42 cm) or XL type (42−50 cm) cuff model was used according to the upper arm circumference of children. The study participants should not engage in any strenuous exercise within 1 h before the measurement. The bladder was emptied and the participants sat still for more than 10 min before measuring blood pressure. The blood pressure was measured three consecutive times for each adolescent, with no less than 30-s intervals between each measurement. The values were averaged after removing outliers and recorded as mmHg.



Biological Sample Collection

The blood samples were collected from all adolescents on an early morning fast. The biochemical measurement analyses were performed by the Department of Laboratory Medicine of the Shengjing Hospital Affiliated to China Medical University. The cystatin C level was analyzed with an automated particle-enhanced turbidity immunoassay using the Architect I16200 automated analyzer (Architect, Shandong, China). In addition, fasting plasma glucose (FPG), triglycerides (TG), uric acid (UA), high-density lipoprotein (HDL), low-density lipoprotein (LDL), and total cholesterol (TC) were measured with a Hitachi 7600 clinical analyzer (Hitachi, Tokyo, Japan). Calculate estimated glomerular filtration rate (eGFR) using the eGFR = k * patient’s length (cm)/serum creatinine (mg/dL) formula (14).



Questionnaire Administered

The surveys were conducted during face-to-face interviews at the school by trained interviewers. Structured questionnaire was administered to collect data on demographic information (name, age, sex, ethnicity, address, and number of family members), daily dietary intake (eating attitudes, dietary control, eating behaviors, and food preferences), and physical activity information (daily activities and sports activities within 7 days).

Approval was obtained from the ethics committee of Dalian Medical University. Informed consent was obtained from all adolescent and their parents.



Definitions of Obesity

The BMI of participants was defined as normal, overweight, or obesity according to the Chinese reference norms for overweight and obesity in children and adolescents (15).

Children and adolescents with abdominal obesity were identified using the WC ≥90th percentile value for age and sex according to the standard definition of overweight and obesity in children worldwide by the International Obesity Working Group (16).

The value of WHtR ≥0.5 was suggested to determine central obesity for children (17).

Hypertension was defined as a mean systolic blood pressure (SBP) and/or diastolic blood pressure (DBP) at ≥95th percentile for age, sex, and height on ≥3 times (18).



Statistical Analysis

Mean and standard deviations were used to represent normal distributions for continuous variables. Medians and interquartile ranges were used to define skewed distributions. In contrast, categorical variables were described as counts and percentages. Adolescents were analyzed stratified by sex. The means of cystatin C levels in groups with obesity and groups without obesity defined by the three criteria (BMI, WC, and WHtR) were analyzed using the t-test. The factors independently associated with obesity were identified by univariate logistic regression. Trend tests for cystatin C quartile levels with obesity risk were also conducted, resulting in odds ratio (OR) and 95% confidence interval (CI). ORs at other levels were calculated with binary logistic regression using the lowest quartile of cystatin C as a reference. We used restricted cubic spline (RCS) models fitted for linear regression models and logistic regression models. Knots were present at 10th, 50th, and 90th percentiles, the reference cystatin C level of the logistic regression model was the median. The RCS based on the linear regression model was used to model the association of cystatin C level and BMI-for-age Z-score (19).

Differences were considered statistically significant when the P value was less than 0.05. Statistical analysis was performed on R studio version 3.6.1 software (Copyright 2007 Free Software Foundation).




Results


General Information

A total of 481 participants, 199 boys (41.4%) and 282 girls (58.6%), were included, aged between 14 and 17 years. The cystatin C level obeyed a normal distribution with the mean levels in all adolescents being 0.90 ± 0.11 mg/L (Table 1). Boys exhibited significantly higher levels of cystatin C level than girls, with a mean level of 0.97 ± 0.10 mg/L in boys and 0.86 ± 0.09 mg/L in girls (P<0.001). The data showed that age was not significantly different (P = 0.330).


Table 1 | Distribution of cystatin C levels in different sex and age.



As shown in Table 2, we defined obesity using three criteria (BMI, WC, and WHtR). We analyzed the differences in cystatin C levels between adolescents with obesity and adolescents without obesity of different sexes. The prevalence was 30.6% for overweight/obesity defined by BMI, 21.7% for abdominal obesity defined by the WC value, and 31.6% for obesity defined by the WHtR ≥0.5. In obesity defined by the BMI, higher cystatin C levels were observed in adolescents with obesity (P = 0.005). Girls with obesity had higher cystatin C levels compared with girls with normal BMI (P = 0.003). In contrast, the difference was not significant in boys (P = 0.703). However, in both abdominal obesity defined by the WC and obesity defined by the WHtR ≥0.5, no statistically significant differences in cystatin C levels were found between boys with obesity and boys without obesity or between girls with obesity and girls without obesity.


Table 2 | Association between cystatin C levels and obesity as defined by three criteria: BMI, WC, and WHtR.





Univariate Analysis of Traditional Blood Biochemical Parameters Related to BMI-Defined Obesity

Table 3 shows the blood biochemical parameters of traditional risk factors for obesity in adolescents stratified by sex. In boys, TG, HDL, LDL, UA, TC, and SBP were found to be associated with the obesity risk in adolescents. However, in girls, age, TG, HDL, UA, and SBP were associated with the obesity risk (P < 0.05).


Table 3 | Univariate analysis of obesity risk factors in boys with obesity and girls with obesity defined by BMI criteria.





Tendency Test of Cystatin C Quartile Levels With Obesity Defined by BMI

Table 4 presents the associations between cystatin C quartiles and the risk of obesity in adolescents, stratified by sex. Model 1 adjusted for age in different sexes. Model 2 adjusted for age, TG, TC, HDL, LDL, UA, and SBP in boys, but it adjusted for age, TG, HDL, UA, and SBP in girls.


Table 4 | Analysis of the strength of association between each level of cystatin C quartile by sex and obesity defined by BMI as a criterion in adolescents.



The boys, had a trend of increasing obesity risk with increasing cystatin C levels. In model 2, taking the cystatin C first quartile level as the reference group, the risk of obesity was reduced by 10% at the second quartile level (OR = 0.90, 95% CI: 0.34–2.39, P = 0.826), while it was increased by 25% at the third quartile level (OR = 1.25, 95% CI: 0.49–3.19, P = 0.646) and 38% at the fourth quartile level (OR = 1.38, 95% CI: 0.50–3.82, P = 0.539) cystatin C levels. However, this growth trend was not statistically significant (P > 0.05).

In contrast, in girls, obesity risk showed a decreasing trend with increasing cystatin C levels. In model 2, taking the cystatin C first quartile level as the reference, the risks of obesity were elevated by four-, three-, and two-fold in the second quartile (OR = 3.85, 95% CI: 1.46–8.13, P = 0.006), third quartile (OR = 2.90, 95% CI: 1.06–7.97, P = 0.038), and fourth quartile (OR = 2.45, 95% CI: 0.90–6.65, P = 0.078) cystatin C levels, respectively.



Dose-Response Association of the Cystatin C Level With Obesity Defined by BMI Based on RCS Models

We used RCS to explore the dose-response association between cystatin C level and obesity. The association between BMI-of-age Z-score and cystatin C levels on a continuous scale was U-shaped in boys (Figure 1A). We estimated the BMI-of-age Z-score to reach a nadir at cystatin C of 0.95mg/L, with inverse associations below and positive associations above (P nonlinear =0.037). However, in girls, a positive association was found between BMI-of-age Z-score and cystatin C level (Figure 1B). That is, BMI-of-age Z-score gradually increased with increasing cystatin C levels (P nonlinear = 0.806).




Figure 1 | Association between serum cystatin C and BMI-for-age Z-score using a restricted cubic spline regression model in boys (A) and girls (B).



Regarding the strong U-shaped relationship between the risk of obesity and cystatin C levels in boys, the plot showed a decreasing risk trend in the lower range of predicted cystatin C levels, reaching a minimum risk around 0.97 mg/L and then increasing (P nonlinear = 0.478). Below 0.97 mg/L, the OR per standard deviation higher predicted cystatin C levels was 1.45 (0.71–1.84). Above 0.97 mg/L, the OR per standard deviation higher predicted cystatin C levels 1.12 (0.70–1.78) (Figure 2A). The risk of obesity showed an increasing trend with elevated cystatin C levels before the cystatin C level reached 0.91 mg/L in girls, with the highest risk of obesity (OR = 1.07, 95% CI: 0.88–1.31) at the cystatin C levels of 0.91 mg/L (Figure 2B). After that, the risk of obesity tended to decline (P nonlinear = 0.471).




Figure 2 | Association between serum cystatin C and risk of obesity using a restricted cubic spline regression model in boys (A) and girls (B).






Discussion

The present study proposed that the cystatin C level in adolescents was associated with obesity, particularly obesity defined by BMI. These data suggested that the cystatin C level could be considered as an early biomarker of obesity in adolescents. There was a U-shaped association between cystatin C levels and obesity in boys, and the risk of obesity showed a trend of first decrease and then increase as cystatin C levels increased, and either low or high cystatin levels were associated with an increased risk of obesity. Whereas in girls, the risk of obesity showed a trend of initially increase and then decrease with increasing cystatin C levels.

The study found that boys had higher cystatin C levels than girls, which was consistent with other findings that boys had higher cystatin C levels than girls after 1 year of age (20). The possible reason for the result might be that adolescent boys had a higher increase in muscle mass than girls (20). In addition, renal factors, hormonal factors, or other factors interfering with the determination of the cystatin C level in individual girls might also explain sex-related differences (21). Several findings suggested that individuals began to produce more cystatin C when they were around 10–13 years of age. After the age of 13 years, the individual’s cystatin C production reached a peak. It then remained stable until around the age of 50 years (22). Considering the particularity of children’s growth and development, and that the distribution of cystatin C did differ between boys and girls, we analyzed sex as a stratification factor in the next analysis. About 80% of adolescents with obesity still obese in adulthood, and hence early preventive interventions for obesity are warranted, however, childhood BMI is less sensitive to predict adult obesity (23), so we need to find other more sensitive indicators for detecting obesity in adolescents. Cystatin C is an effective cathepsin-proteolytic enzyme inhibitor (24). It can be used to calculate the eGFR (25). Studies have also shown a significant association between GFR and duration of obesity (26). However, in our study, no relationship between eGFR and obesity was found. The present study showed that the elevated circulating cystatin C levels in study participants with obesity may be to counteract obesity-related inflammation (27). Elevated cystatin C levels in adolescence were also associated with lipid metabolic dysregulation and cardiometabolic risk (28). The production of cystatin C in adipose tissue can lead to an increase in the concentration of cystatin C in the blood of children with obesity (29). The studies demonstrated that cystatin C level was associated with WC, BMI, and visceral fat (30–32). However, our study only found a relationship between BMI-defined obesity and cystatin C levels. It also provided a rationale for using cystatin C as a biomarker to predict overweight and obesity in adolescents.

Our study found a U-shaped association between cystatin C levels and obesity in boys, with a decreasing risk of obesity before cystatin C values reached 0.97 mg/L and then increasing; however, in girls, the risk of obesity increased before the cystatin C value reached 0.91 mg/L and then tended to decrease. The different associations we observed between the cystatin C levels and obesity risk of different sexes were interesting. Since the age distribution of our study population was in adolescence (14 – 17 years), this difference may have resulted from different levels of pubertal development in boys and girls. To our knowledge, no study had found this U-shaped association of cystatin C levels with the risk of obesity in boys. Therefore, we hope that prospective studies with larger sample sizes will be followed to confirm the differences of different cystatin C levels with obesity risk among boys and girls. The typical reference range in adults for Cystatin cystatin C was 0.40–1.10 mg/L (33). However, no explicit reference value range exists for children and adolescents. Whether normal cystatin C values ranges for boys and girls separately need to be developed in the future for early diagnosis of obesity remains to be explored.

This analysis had several limitations. First, the adolescent population we studied was obtained by cluster sampling and is not nationally representative. Second, critical adverse factors, such as pubertal development and family history, as well as insulin resistance levels, were not considered in our analysis due to limited data. Population-based prospective studies should be carried out to overcome these limitations and comprehensively understand the cystatin C levels in adolescents with obesity and adolescents without obesity.

In conclusion, this study suggested a U-shaped association between serum cystatin C levels and obesity in boys, with low or high cystatin C levels both associated with an increased risk of obesity. However, in girls, the risk of obesity showed a trend of initially increase and then decrease with increasing cystatin C levels. Prospective studies with larger sample sizes should be conducted to evaluate the value of cystatin C levels in predicting the progression of early obesity in adolescents of different sexes.
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