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Objectives

To explore the effects of weight change on the risk of metabolic abnormalities in the Chinese population.


Methods

A total of 1895 metabolically healthy adults aged 21–78 years completed anthropometric and biological measurements at baseline (2012) and at an eight year follow-up (2020). Based on absolute weight change and relative weight change, the participants were split into five classes. A Cox proportional hazards regression model was used to estimate the relative risk (RR) and 95% confidence intervals (95% CI) for the risk of metabolic abnormalities using stable weight as the reference group. Stratified analysis was used to explore this relationship in participants with different baseline body mass index (BMI) levels.


Results

During the follow-up period, 35.41% of the participants retained a stable weight, and 10.71% had metabolic abnormalities. After covariate adjustment, for every kilogram gained over eight years, the risk of developing metabolic abnormalities increased by 22% (RR: 1.094; 95% CI: 1.063–1.127). Compared with stable weight participants, weight gain of 2–4 Kg and weight gain ≥ 4 Kg exhibited significantly higher risks of metabolic abnormalities, with RR of 1.700 (95% CI 1.150–2.513) and 1.981 (95% CI 1.372–2.859), respectively. A weight gain of ≥ 4 Kg had an opposite effect on the overweight/obesity and non-overweight/obesity groups, with an increased risk of metabolic abnormalities only in the non-overweight/obesity group (RR, 2.291; 95% CI, 1.331–3.942). Moreover, weight loss ≥ 4 Kg significantly reduced the risk of metabolic abnormalities only among overweight/obese adults (RR 0.373; 95% CI 0.154–0.906). Similar results were observed in relative body weight change analyses.


Conclusions

Long-term excessive body weight gain is positively associated with an increased risk of metabolic abnormalities among adults with non-overweight/obesity, whereas long-term body weight loss is a protective factor for metabolic health among adults with overweight/obesity.
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1  Introduction

Metabolic syndrome (MetS) is a complex metabolic abnormality that includes hyperglycemia, elevated blood pressure, elevated triglyceride levels, low high-density lipoprotein cholesterol (HDL-C), and obesity (1–3). It is associated with 76% of cardiovascular disease cases (4), 47% all-cause mortality (5), and 33% elevated cancer mortality (6). Therefore, it has become a growing public health problem worldwide (7).

Numerous studies on Western adults have indicated that high body weight and excessive body weight gain may increase the risk of MetS (8–14), whereas weight loss reduces this risk (15–20). However, few cohort studies have focused on this association in Chinese adults (21, 22). Yuan et al. found that the risk of MetS increased with weight gain and decreased with weight loss in Chinese adults (21), and Lin et al. observed an association between weight gain and the risk of MetS in Taiwanese individuals (22). However, the follow-up periods in both studies were relatively short, which may have reduced the robustness of the findings. After stratifying the population by overweight status, current studies have shown inconsistent results regarding the relationship between weight change and the risk of metabolic abnormalities (11, 23–25). For the overweight/obese population, previous studies showed that the results ranged from the inverted U-shaped association of weight gain with MetS (23) to the less association (11). Moreover, few Chinese cohort studies have explored this association separately in populations with different body mass indices (BMI).

Therefore, we used the data from 2012 to 2020 in a retrospective cohort study to explore the association between weight change and the risk of metabolic abnormalities in Chinese adults. Additionally, we sought to identify whether weight change produces different risks for metabolic abnormalities in different BMI strata.


2  Methods

2.1  Study population

The enrolment process for this cohort is shown in Figure 1. We initially considered 2428 individuals aged 21–78 years. Our study was based on the results of health examinations conducted in 2012 and 2020 at the First Affiliated Hospital of Southwest Medical University, Luzhou, China, which screened all employees from seven companies. Employees of these companies have a free diet and do not follow a particular dietary regimen. In total, 533 individuals were excluded for the following reasons:82 lacked fasting blood glucose concentrations; 30 lacked systolic blood pressure or diastolic blood pressure measurements; 1 lacked weight measurement; and 420 were diagnosed with metabolic abnormalities based on fasting blood concentrations of glucose, triglycerides, high-density lipoprotein (HDL), systolic blood pressure, and diastolic blood pressure in 2012. Consequently, 1895 subjects (1018 males and 877 females) with baseline metabolic health were enrolled. Before agreeing to the physical examination, each subject provided verbal consent after being fully informed. The First Affiliated Hospital’s Clinical Medicine College Ethics Committee at Southwest Medical University approved this study.



Figure 1 | Flow chart of study participants. (n=1895).




2.2  Anthropometric and biological

Anthropometric measurements included height and body weight. The participants were required to wear light clothing, no shoes, and no hats. Weight and height were accurate to the nearest 0.1 kg and 0.1 cm, respectively.

Participants were instructed to abstain from smoking and consuming alcohol, coffee, and tea before the blood pressure measurement. During the measurement, the subjects sat comfortably with their arm positioned at the level of the heart. According to the American Heart Association’s standardized protocol, blood pressure was measured using an electronic oscillometric blood pressure measurement device (HEM-770 AFuzzy, Omron, Kyoto, Japan) by trained health professionals. The measurements were repeated three times with a 30 s interval between each measurement, and the average was used for analysis.

The participants underwent biochemical tests with unified devices, using whole blood samples. The test was given between 8:00 and 11:00 a.m. Participants were instructed to fast for at least 12 h prior to the test and to refrain from physical activity the day before. Biochemical parameters included total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-c), fasting plasma glucose (FPG), creatinine (Cr), blood urea nitrogen (BUN), serum uric acid (SUA), aspartate aminotransferase (AST), and alanine aminotransferase (ALT). An automatic biochemical analyzer was used to measure all biochemical parameters (SIEMENS ADVIA2400).


2.3  Definition of BMI and weight change

BMI was calculated using height and weight (kg/m2). We defined overweight/obesity as a BMI ≥24 kg/m2 based on the China Obesity Task Force recommendations for the Chinese adult population (26).

Based on previous studies (27), absolute body weight change was calculated using the following equations: body weight in 2020 minus body weight in 2012. We divided the eight-year weight change into five clinically meaningful groups: loss or gain < 2 Kg (Stable), loss 2–4 Kg (Mild loss), loss ≥ 4 Kg (Medium or large loss), gain 2–4 Kg (Mild gain) and gain ≥ 4 Kg (Medium or large gain). Relative body weight change was calculated using the following equation: (body weight in 2020 minus body weight in 2012)/body weight in 2012. Participants were classified into five groups for further analyses based on relative body weight change: loss or gain of 3% (Stable), loss of 3 to 6% (Mild loss), loss of ≥ 6% (Medium or large loss), gain of 3 to 6% (Mild gain), and gain ≥ 6% (Medium or large gain).


2.4  Definition of metabolic abnormalities

The change in body weight is related to BMI, and our study was stratified according to BMI. Therefore, we utilized the diagnostic criteria of the Chinese Diabetes Society (CDS) and defined metabolic abnormalities as the presence of ≥2 of the following 4 indicators: (i) fasting plasma glucose (FPG) ≥ 6.1 mmol/L (110 mg/dL) or 2h PG ≥ 7.8 mmol/L (140 mg/dL) or previously diagnosed and treated Type 2 diabetes; (ii) blood pressure ≥ 140/90 mmHg or on antihypertensive drug treatment in a patient with a history of hypertension; (iii) triglycerides ≥ 1.70 mmol/L (150 mg/dL); or (iv) HDL cholesterol < 1.00 mmol/L (39 mg/dL) in women, or < 0.90 mmol/L (35 mg/dL) in men (28).


2.5  Statistical methods

Quantitative variables for the baseline characteristics of the study population are presented as median and interquartile range or mean ± standard deviation, and qualitative variables are expressed as percentages. According to the normality of the data, quantitative variables were compared using one-way ANOVA or the Kruskal-Wallis test. Qualitative variables were compared using the chi-squared test. We assessed the association between body weight change and incidence of metabolic abnormalities at follow-up using the Cox proportional hazards regression model. A Cox proportional hazards regression model was used to estimate the relative risk (RR) and 95% confidence intervals (CIs) for the risk of metabolic abnormalities by groups of absolute body weight change and relative body weight change, with loss or gain of 2 Kg or 3% as the reference. The results of the relative weight change analysis were used as a sensitivity analysis to test the robustness of our findings.

All covariates were selected based on the known risk factors for MetS. We used four models with increasing degrees of adjustment to account for potential confounders at the baseline. We then stratified the participants by BMI status at baseline for subgroup analysis.

All statistical analyses were performed using the SPSS Package version 26.0. Statistical significance was set at P < 0.05 (two-tailed).



3  Results

At baseline, the average age was 40.63 years (SD 11.04) among the 1895 participants (1018 men and 877 women) with an average BMI of 22.34 kg (SD 2.91). Based on recommended BMI cutoffs by the Working Group on Obesity in China, the proportion of non-overweight/obese and overweight/obese adults was 72.72% and 27.28%, respectively. The baseline characteristics according to the weight change category are shown in Table 1. More than one-third of the participants (35.41%) retained a stable body weight, 28.34% had excessive weight gain ≥ 4 Kg, and only 7.07% had lost 4 Kg or less of their baseline body weight. The differences in sex ratio, average age, TC, FPG, TG, HDL-C, LDL-C, BUN, Cr, UA, ALT, AST, SBP, and BMI were significant between the five groups, but no significant difference was observed in diastolic blood pressure (DBP).

Table 1 | Baseline characteristics of study participants by body weight change.



3.1  Association of weight change with metabolic results over eight years

In total, 10.71% (203 of 1895) of the participants developed metabolic abnormalities during the eight-year follow-up. In addition, 8.94% of the participants with weight stability had metabolic abnormalities. The incidence of participants with metabolic abnormalities in the other groups (Mild loss, Medium or large loss, Mild gain, and Medium or large gain) was approximately 10% (11.29%, 7.46%, 12.81%, and 12.10%, respectively) (Table 2 and Figure 2). Absolute body weight change was positively associated with the incidence of metabolic abnormalities in both univariate and multivariate models. A 1 Kg increase in body weight during follow-up predicted 9.40% of metabolic abnormalities. We further classified weight changes to assess the relationship between dynamic absolute weight change, dynamic relative weight change, and the occurrence of metabolic abnormalities. Compared with the Stable group, Mild gain and Medium or large gain had increased metabolic abnormalities (adjusted RR 1.700 [95% CI 1.150-2.513] and 1.981 [95% CI 1.372-2.859], Model 4). Similar results were obtained for relative body weight change (Tables 2 and S1).

Table 2 | Associations between absolute body weight change and risk of metabolic abnormalities.





Figure 2 | Incidence of metabolic abnormalities by weight change group. Stable: Weight loss or gain <2 kg. Mild loss: Weight loss 2 to 4 kg. Medium or large loss: Weight loss ≥4kg. Mild gain: Weight gain 2 to 4kg. Medium or large gain: Weight gain ≥4kg.




3.2  Association of change in different BMI strata with risk of metabolic abnormalities

The incidence of metabolic abnormalities was 7.18% in participants with BMI < 24 at baseline. Absolute body weight change was positively associated with the incidence of metabolic abnormalities in both univariate and multivariate models. Compared with the Stable group, Medium or large gain significantly increased the risk of metabolic abnormalities (adjusted RR 2.291 [95% CI 1.331-3.942], Model 4) for people with BMI < 24 at baseline. However, the risk of metabolic abnormalities was not significantly reduced for those who changed to the weight loss group compared to weight gain and stable body weight groups in both univariate and multivariate models. Similar results were found in the relative body weight change analysis (Tables 3 and S2).

Table 3 | Associations between absolute body weight change and risk of metabolic abnormalities in subjects with non-overweight/obesity.



Among participants with BMI ≥ 24 at baseline, the incidence of metabolic abnormalities (20.12%) was higher than that in subjects without overweight/obesity. Absolute body weight change was positively associated with the incidence of metabolic abnormalities in univariate and multivariate models. Compared with the Stable group, Medium or large weight loss reduced the risk of metabolic abnormalities (adjusted RR 0.373 [95% CI 0.154-0.906], Model 4) for people with overweight/obesity at baseline. However, the risk of metabolic abnormalities was not significantly increased in the weight gain group compared with the non-weight gain and stable body weight groups in univariate and multivariate models. Similar results were found in the relative body weight change analysis (Tables 4 and S3).

Table 4 | Associations between absolute body weight change and risk of metabolic abnormalities in subjects with overweight/obesity.





4  Discussion

In this eight-year retrospective cohort study, we found a strong relationship between weight gain and worsening of metabolism. The incidence of metabolic abnormalities was dramatically increased by long-term, excessive absolute weight gain. This relationship was significant independent of baseline age, sex, and other clinical variables, but it was found only in subjects with non-overweight/obesity. In contrast, long-term absolute weight loss only reduced the risk of metabolic abnormalities in overweight/obese individuals, independent of traditional risk factors. Additionally, the analysis of relative body weight variation produced comparable findings.

Previous studies found an inconsistent relationship between weight change and the risk of metabolic abnormalities in both obese/overweight and non-obese/overweight individuals (11, 23, 29, 30). In a cohort study, the probability of having MetS increased fairly linearly with incremental (1 Kg) weight increases in subjects with normal weight (OR1.18[95%CI1.14-1.21]) (9). A randomized controlled trial (RCT) study with obese people showed that incremental (1 Kg) weight loss, reduced the risk of MetS by 8% (16). However, Lloyd-Jones et al. performed a longitudinal cohort study with young adults and found that maintaining a stable or decreasing BMI over time was associated with a significantly lower incidence of metabolic syndrome. This occurred regardless of whether the subjects had normal weight or overweight at baseline, although an elevated BMI was associated with a higher incidence of metabolic syndrome (13). Conversely, our findings show that the risk of metabolic abnormalities increased with weight gain only in subjects without overweight/obesity and decreased with weight loss only in subjects with overweight/obesity. These differences between the studies are most likely due to the distinctive ethnicity and age of each study population. In our study, long-term absolute weight loss only reduced the risk of metabolic abnormalities in non-overweight/obese individuals, suggesting that non-obese/overweight individuals should keep their weight within the normal range and should not lose excessive amounts of weight, resulting in weight fluctuations. A cross-sectional study indicated that weight fluctuations were more likely to have abnormal metabolic syndrome components among subjects with BMI < 25 kg/m2 (31). Moreover, we indicated that a 1 Kg increase in body weight predicted 9.4% and 10.6% of metabolic abnormalities in non-obese/overweight and in overweight/obese subjects, respectively. However, this linear association was not observed when we divided weight change in overweight/obese subjects into five groups. This suggests that the effect of weight change on metabolic health risk is likely to be nonlinear rather than a linear relationship. According to a population-based longitudinal cohort study, those with a greater baseline weight had a lower correlation between weight gain and the number of MetS components (11). An observational study in China also showed an inverted U-shaped association for participants with overweight/obesity: the odds of MetS increased with increasing weight gain, up to approximately 12 Kg, and then decreased (23). These findings are partially consistent with the nonlinear relationships found in this study.

Prior studies have found that the mechanism by which weight gain leads to an increased risk of metabolic abnormalities may be the release of adipokines from adipose tissue, mediating insulin resistance (32–35). However, insulin resistance may not be enhanced with further weight gain in people with obesity because it progressively decreases with longer periods of obesity (36). This may explain the results observed in our study showing that weight gain has a significant impact on metabolic abnormalities in non-overweight or obese people but is insignificant in overweight or obese individuals. In contrast, weight reduction improves insulin resistance in overweight/obese individuals, thereby reducing their risk of metabolic abnormalities (37). Thus, non-overweight/obese individuals should maintain their weight to prevent metabolic abnormalities, whereas people with obesity can mitigate metabolic abnormalities by losing weight. The Chinese guidelines for primary care of obesity (2019) suggest that weight loss of 5–15% or more in patients with obesity significantly improves glycemic control and cardiovascular complications in patients with hypertension, dyslipidemia, and Type 2 diabetes (38). To promote metabolic health, the American College of Cardiology and American Heart Association advise overweight and obese individuals to lose between 5% and 10% of their initial body weight within six months (39).

Our study has several strengths. First, our study was able to simultaneously analyze absolute weight change, relative weight change, and risk of metabolic abnormalities in Chinese adults. Second, the relationship between weight change and risk of metabolic abnormalities was explored in different BMI strata. Third, our study had a long-term follow-up of 8 years. Moreover, the survey replaced self-report and recall weights with measured values and there was no recall bias. However, there were some limitations to this study. First, owing to the lack of baseline data, we were unable to appropriately correct for smoking, drinking, and other characteristics that are relevant to MetS in the risk analysis, despite adjusting for several potential confounding factors, such as age, sex, and other serum biochemical parameter. Second, only those who had information with two-time cutoff points were included. Third, because of the observational design, no causal relationship between weight change and risk of metabolic abnormalities could be determined. Fourth, some possible confounding factors were not collected due to the limitations of retrospective studies, which may have influenced the results to some extent. Therefore, there is an urgent need for further investigations with prospective cohort design. Fifth, the sample size of the study was small.

In conclusion, the risk of metabolic abnormalities associated with weight change was nonlinear and reversible. Therefore, maintaining a BMI within the normal range may help prevent and reduce the risk of metabolic abnormalities.
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Stable: Weight loss or gain <2 kg. Mild loss: Weight loss 2 to 4 kg. Medium or large loss: Weight loss >4kg. Mild gain: Weight gain 2 to 4kg. Medium or large gain: Weight gain >4kg.
“Absolute body weight change was calculated by the following equations: body weight (2020) - body weight (2012).

Data are RR and 95% confidence intervals (Cls).

Model 1 has been body weight adjusted.

Model 2: Factors from Model 1 as well as baseline gender and age were adjusted.

Model 3: Factors from Model 2 as well as FPG, TG, HDL-c, and SBP at baseline were adjusted.

Model 4: Factors from Model 3 as well as baseline values of TC, LDL-c, BUN, Cr, SUA, ALT, AST, and BMI were adjusted.
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Stable: Weight loss or gain <2 kg. Mild loss: Weight loss 2 to 4 kg, Medium or large loss: Weight loss >4kg. Mild gain: Weight gain 2 to 4kg. Medium or large gain: Weight gain >4kg.
*Absolute body weight change was calculated by the following equations: body weight (2020) - body weight (2012).

Data are RR and 95% confidence intervals (CIs).

Model 1 has been body weight adjusted.

Model 2: Factors from Model 1 as well as baseline gender and age were adjusted.

Model 3: Factors from Model 2 as well as FPG, TG, HDL-c, and SBP at baseline were adjusted.

Model 4: Factors from Model 3 as well as baseline values of TC, LDL-c, BUN, Cr, SUA, ALT, and AST,were adjusted.
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Mild loss 9 (7.89) 1.605 (0.746-3.453) 1.353 (0.625-2.927) 1.664 (0.754-3.675) 1.409 (0.626-3.170)
Medium or large loss 4(5.97) 1.214 (0.421-3.499) 1.004 (0.346-2.908) 1.106 (0.375-3260) 0.860 (0.290-2.547)
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Medium or large gain 37 (8.70) 1.770 (1.059-2.959) 2177 (1.290-3.673) 2,515 (1.463-4.321) 2291 (1.331-3.942)

Stable: Weight loss or gain <2 kg. Mild loss: Weight loss 2 to 4 kg. Medium or large loss: Weight loss >4kg. Mild gain: Weight gain 2 to 4kg. Medium or large gain: Weight gain >4kg.
“Absolute body weight change was calculated by the following equations: body weight (2020) - body weight (2012).

Data are RR and 95% confidence intervals (Cls).

Model 1 has been body weight adjusted.

Model 2: Factors from Model 1 as well as baseline gender and age were adjusted.

Model 3: Factors from Model 2 as well as FPG, TG, HDL-c, and SBP at baseline were adjusted.

Model 4: Factors from Model 3 as well as baseline values of TC, LDL-c, BUN, Cr, SUA, ALT, and AST,were adjusted.
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