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Aim: Metabolic syndrome (MetS) coexists with the occurrence and even death of cardiovascular disease and diabetes mellitus. It is 
essential to study the factors in the dynamic progression of MetS in the interest of prevention and control.
Purpose: The aim of this study was to analyze the dynamic progression of Mets and explore the potential factors influencing the 
progression or reversal of MetS.
Patients and Methods: This study involved 5581 individuals from two waves of the China Health and Retirement Longitudinal Study: 
2011 and 2015. A multistate Markov model containing 4 states (free of metabolic disorder (FMD), mild metabolic disorder (MMD), 
severe metabolic disorder (SMD) and MetS) was adopted to study the dynamic progression of MetS and its influencing factors.
Results: After follow-up, a total of 2862 cases (50.28% of the total number) had disease state transition. The intensity of transition 
from MetS to SMD is the same as that from SMD to MMD, and is greater than that from MMD to Mets (0.06 vs 0.05). For the MetS 
state, a mean of 1/0.08=12.5 years was spent in the MetS state before recovery. The exercise, smoke, drink, BMI level, hyperuricemia 
had statistically significant effects on progression of MetS status (P<0.05). The obesity or overweight, little exercise, smoke, drink and 
hyperuricemia increased the risk of forward progression of MetS disease status. There were significant nonmodifiable (age, gender) 
and modifiable factors (exercise, drink, BMI level, or high HbA1c) associated with reversion of MetS state.
Conclusion: The likelihood of progression from MMD to MetS is less likely than that of reversion from MetS to SMD and SMD to 
MMD. Old females were more resistant to recover from worse states than males. Prevention and intervention measures should be 
adopted early when MMD or SMD onset occurs.
Keywords: metabolic syndrome, multi-state Markov model, forward progression, backward reversal

Introduction
Metabolic syndrome (MetS) is a cluster of syndromes with central obesity, hypertension, hyperglycemia and dyslipidemia as 
metabolic disorders.1,2 Its essence of occurrence is the abnormal aggregation of a variety of disease states and potential risk 
factors related to cardiovascular disease. These potential risk factors cooperate with disease states and seriously threaten 
human health.3 Studies have demonstrated this disorder is in connection with the occurrence of cardiovascular disease, type 2 
diabetes, and cancer, as well as the occurrence of death from heart disease and all-cause mortality.4,5 As one of the increasingly 
serious global public health challenge the prevention and control of MetS has become an urgent task today.6

Based on the definition of the Joint Interim Statement (JIS),7 three of the five components (central obesity, hypertension, 
hyperglycemia, hypertriglyceride, low high density lipoprotein cholesterol) are fulfilled and will be diagnosed as MetS. Its 
occurrence and development experienced several states: health state→one abnormal component→two abnormal 
components→Mets. Health and different components can form 31 different disease states. Depending on their gene, 
environment and personal lifestyle, one can have a different combination of the syndrome components at any given time 
and one can transit from one state to another.8 The occurrence and development of MetS is an extremely complex and 
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difficult to clearly define dynamic process.9 Among the existing studies have illustrated the natural histories of Mets with 
Markov model.8–12 The model can accurately capture the transfer of various states of the disease under discrete stages, 
including positive progression and reverse reversal,13 but these studies have provided contradictory findings and mainly 
focused on the natural history of MetS of different gender and age. In view of the fact that potential factors such as lifestyle 
and health status may play a key role in the development and reversal of MetS, further research on MetS disease progression 
trajectory and its potential factors adapted to the actual clinical situation remains to be carried out.

Thus, based on the high quality nationally representative sample of Chinese residents of China Health retirement 
longitudinal study (CHARLS), this study constructs a Markov model of four states to fit the dynamic development 
process of MetS, screen and analyze the impact of potential factors on its dynamic progression, so as to provide evidence 
information for delaying and reversing MetS and related chronic diseases. In this way, exploring the feasibility and 
application value of Markov models in disease dynamic progression and risk assessment.

Materials and Methods
Data Source
Data for this study were obtained from the two waves of the CHARLS survey conducted by the National School of 
Development at Peking University in 2011 and 2015. The study is an ongoing nationally representative longitudinal 
survey in China.14 A design of four-stage, stratified, cluster sampling was applied. The baseline of CHARLS was 
conducted between 2011 and 2012. The blood samples were collected in 2011 and 2015 through a standardized process 
which was described in detail elsewhere (http://charls.pku.edu.cn/).

This article selected the national survey data in 2011–2015 to scan the dynamic development process and associated 
factors of MetS by downloading modules comprising Biomarker, Blood, Demographic background and Health status. 
After merging these modules by ID, further data cleansing was performed. After eliminating the untraceable samples and 
any missing key information, we finally get 5581 valid cases (Figure 1). The CHARLS study was approved by the 
Biomedical Ethics Review Committee of Peking University. All participants gave written informed consent before 
participation.

Variables
This study selected demographic, lifestyle and health status as independent variables to explore the impact of factors on 
the dynamic disease progression of MetS.

Figure 1 Flow chart for participants selection.
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Demographic: ① Gender; ② Age: 40 ~ 54 years old, 55 ~ 64 years old and ≥65 years old; ③ Marital status: married 
or other situations (including divorce, widowhood, separation and unmarried); ④ Education: illiterate, primary school, 
junior middle school and ≥senior high school.

Lifestyle: ① Smoke: define “smoked but quit smoking”, “never smoked” as non-smoking, and “smoked and smoked 
all the time” as smoking; Drinking: If alcohol was not consumed in the past 1 year (including beer and wine), it was 
designated as “no alcohol” and the rest was drinking. ③ Exercise: divided into often, occasionally and little; ④ Sleep 
time: according to the sleep time at night, it is divided into <6 h, 6–8 h and >8 h.

Health status: ① functional loss: measured by the self-care ability of daily living (ADL) scale.15 The scale 
consists of six independent options and is divided into four levels: “no difficulty = 1”, “difficulty but still can be 
completed = 2”, “difficulty but need help = 3” and “unable to complete = 4”. The comprehensive score range is 6 ~ 
24 points. If the comprehensive score of ADL is greater than 6 points, it means that the overall daily activity function 
is lost; ② Depression: measured by the Center for Epidemiological Studies Depression Scale-10 (CES-D10) in the 
CHARLS questionnaire.16 The CES-D10 comprised 10 questions about depression, and the total score was 0 ~ 30. 
The higher score indicated higher depression. More than 10 points can be considered to be accompanied by 
depression; ③ Body mass index (BMI) level: weight (kg)/height (m)2. It is divided into: thin (BMI <18.5 kg/m2), 
normal body weight (18.5kg/m2≤ BMI < 24.0 kg/m2), overweight (24.0kg/m2≤ BMI < 28.0 kg/m2), obesity (BMI 
≥28.0 kg/m2); ④ High total cholesterol (TC): TC ≥5.20 mmol/l; ⑤High low density lipoprotein cholesterol (LDL- 
C): LDL-C ≥3.40 mmol/l; ⑥ Hyperuricemia: male blood uric acid concentration ≥420 μmol/L, female blood uric 
acid concentration ≥350 μmol/L; ⑦ High glycated hemoglobin (HbA1c): HbA1c ≥6%; ⑧High C-reactive protein 
(CRP): CRP ≥5 mg/L.

Definition of Metabolic Syndrome
The outcome MetS was based on the definition of the Joint Interim Statement (JIS) was adopted to defined MetS 
according to the following categories: (1) Hypertension (Blood pressure ≥130/85 mmHg or antihypertensive treatment); 
(2) Hyperglycemia (fasting plasma glucose ≥5.6 mmol/l or antidiabetic treatment); (3) Hypertriglyceride (serum 
triglycerides ≥1.7 mmol/l); (4) Central obesity (waist circumference >94 cm in men and >80 cm in women); (5) Low 
high density lipoprotein cholesterol (low HDL-C) (HDL-C <1.03 mmol/l in men and <1.3 mmol/l in women). Three of 
the mentioned five criteria should be fulfilled for MetS.7

The Markov Model
The Markov model as a recognized method for simulating the natural progression of chronic diseases can simultaneously 
consider all states and the transition time between states to fit the dynamic development process of the disease. A Markov 
process is a random model for describing a sequence of probable events in which the probability of each event depends 
only on the present time, not preceding event. It can be fully described by Pij tð Þ which is the probability that a system is 
in jð Þ state at time tð Þ, provided that the process starts from time (t = 0) and state ið Þ. Hence, when ið Þ ¼ Xn� 1, then one 
can write a Markov process as follows:8

PijðXnþ1 ¼ sj Xn ¼ siÞ ¼ PðXn ¼ sjj jXn� 1 ¼ siÞ

Transition intensity refers to the instantaneous transfer risk. X tð Þ denote an individual’s states at time t. The transition 
intensity qij is the instantaneous risk of transitioning from state i to state j at time t:17

qij tð Þ ¼ lim
δt!0

P X t þ δtð Þ ¼ jjX tð Þ ¼ ið Þ

δt 

All possible intensities form the transition matrix Q ¼ qij. The diagonal entries are defined byqii ¼ � ∑
i�j

qij and 

a single period of occupancy (or sojourn time) in state i can be calculated by � 1=qii All entries can be estimated by 
inserting data into the Markov model. The covariates vector z tð Þ for transition intensity qij can be investigated by 
modeling the intensity with the following function:

17
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qij z tð Þð Þ ¼ qij 0ð ÞexpβT
ij z tð ÞÞ

Where βT
ij is the coefficient vector representing the effects of covariates on the transition from state i to state j and can 

be interpreted similarly to those in the ordinary Cox regression model in terms of hazard ratios.

Four-State Markov Model
In this study, the Markov model included four states: free of metabolic disorder (FMD, with no abnormal metabolic 
factors), mild metabolic disorder (MMD, with 1 abnormal metabolic factor), severe metabolic disorder (SMD, with 2 
abnormal metabolic factors), metabolic syndrome (MetS). The MMD state was defined as the state in which any one 
isolated component occurred simultaneously. The SMD state was defined as the state in which any two isolated 
components occurred simultaneously. These four states are mutually exclusive, and there was no absorbing state. The 
Markov model in this study is a reversible multistate model because transitions between any two states were permitted.

Statistical Analysis
Data were cleaned and managed with Excel 2016. Percentages were used to describe discrete variables. Transition 
intensities between states and mean sojourn time in each state were estimated. The covariates in the Markov model 
include demographic, lifestyle and health status. The effects of covariates on forward and backward transitions of MetS 
states were assessed. First, univariate models were used to determine the effect of each factor. Second, significant factors 
in the univariate models were entered into the multivariate model.

Results
Population Characteristics
A total of 5581 individuals were included in this study, and the average length of follow-up was 4 years. The 
demographic, lifestyle and health status variables of the individuals at baseline are summarized in Table 1.

Longitudinal Change of MetS States
Longitudinal change of MetS states between baseline and follow-up is displayed in Table 2 and Figure 2. After follow- 
up investigation, a total of 2862 cases (50.28% of the total number) had disease state transfer. One thousand three 
hundred and nineteen cases (46.09% of the changed number) had reverse improvement of MetS, of which 142 cases 
(10.77% of the improved number) had changed from MMD to FMD, the improvement rate of MMD was 11.98%, that of 
SMD was 28.24%, and that of MetS was 31.07%; Within four years, 1543 states of MetS forward developed (53.91% of 
the changed number), the development rate of FMD was 74.58%, that of MMD was 52.58%, and that of SMD was 
39.21%.

Transition Intensities of States of MetS
The transition intensities estimated by the multistate model are presented in Table 3. The intensity of transition from FMD to 
MMD and SMD to MetS is the highest, followed by MMD to SMD, which are the forward development of MetS disease 
state. It is noteworthy that the intensity of transition from MetS to SMD is the same as that from SMD to MMD, and is 
greater than that from MMD to Mets (0.06 vs 0.05), with a mean of 1/0.16=6.25 years is spent in the MMD state before 
recovery or progression. For the Mets state, a mean of 1/0.08=12.5 years was spent in the MetS state before recovery.

Effect of Each Factor on the Dynamic Progression of MetS
Sixteen indicators of demographic (gender, age, education, marital status), lifestyle (smoke, drink, exercise, sleep time) 
and health status (BMI level, depression, function loss, hyperuricemia, high LDL-C, high HbA1c, high Tc, high CRP) 
were included in the Markov model to analyze their impact on the forward development and backward reversal of MetS 
disease states, their definition of relevant factors is shown in Table 1.

The results showed that exercise, smoke, drink, BMI level, function loss, hyperuricemia and high LDL-C had 
statistically significant effects on the forward transitions of MetS disease status in Table 4. It is worth noting that 
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Table 1 Baseline Information of 5581 Subjects

Variables Group Definition n(%)

Gender Female 1 3481(62.4)

Male 2 2100(37.6)

Age(year) 40~ 1 2015(36.1)

55~ 2 2192(39.3)

≥65 3 1374(24.6)

Marital status Married 1 4931(88.4)

Other 2 650(11.6)

Education Illiteracy 1 2790(50.0)

Primary school 2 1232(22.1)

Junior high school 3 1057(18.9)

≥Senior high school 4 502(9.0)

Exercise Often 1 1718(30.8)

Occasionally 2 2139(38.3)

Little 3 1724(30.9)

Sleep time (h) <6 1 1674(30.0)

6~8 2 2285(40.9)

≥8 3 1622(29.1)

BMI level Normal 1 2782(49.8)

Thin 2 357(6.4)

Overweight/Obesity 3 2442(43.8)

Smoke No 0 4157(74.5)

Yes 1 1424(25.5)

Drink No 0 3753(67.2)

Yes 1 1828(32.8)

Depression No 0 3385(60.7)

Yes 1 2196(39.3)

Functional loss No 0 4200(75.3)

Yes 1 1381(24.7)

Hyperuricemia No 0 5175(92.7)

Yes 1 406(7.3)

High TC No 0 4404(78.9)

Yes 1 1177(21.1)

(Continued)
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hyperuricemia, overweight or obesity have an impact on the forward development of FMD→SMD. Among them, the risk 
of SMD in patients with hyperuricemia is 1.89 times higher than that in patients without disease. Little exercise, 
smoking, drinking, overweight/obesity and high LDL-C all are risk factors for promoting the development from 
metabolic disorder to MetS.

On the other hand, analysis of the reversion from MetS to FMD highlighted that beyond the age of 65 there were 
hardly any cases. Furthermore, those individuals with thin weight were twice as likely to revert their SMD state. For 
patients with MetS, male is easier to recover than female. However, individuals with overweight/obesity or high HbA1c 
symptoms are difficult to recover from MetS, individuals with little exercise or high LDL symptoms are difficult to 
recover from SMD/MMD (Table 5).

Influence of Multiple Factors on the Dynamic Progress of MetS Under the Joint Action 
of Multiple Factors
A multivariate analysis was carried out to include the variables that had been significant in the univariate models. Table 6 
shows that obesity or overweight and hyperuricemia increased the risk of SMD in FMD. Hyperuricemia increased the 
risk of positive progression of FMD by 2.01 times, and obesity or overweight increased the risk by 1.93 times; Smoking, 
obesity or overweight and less exercise have an impact on the progress of MMD→MetS, which are the influencing 
factors to promote the development of MMD into MetS; Alcohol consumption, obesity or overweight, and less exercise 
increased the risk of MetS in SMD. In addition, male with SMD were less likely to develop Mets than female.

For MetS patients, female and obesity/overweight were the risk factors to delay the improvement of MetS to MMD and 
SMD. In addition, high HbA1c was the risk factor to delay the improvement of MetS to SMD, with HR of 0.45 (0.30,0.67); 

Table 2 Transition Frequency Between MetS Disease States During Follow-Up

Original States Follow-Up States

FMD MMD SMD MetS Total

FMD 121(25.42) 188(39.50) 114(23.95) 53(11.13) 476

MMD 142(11.98) 420(35.44) 378(31.90) 245(20.68) 1185

SMD 67(4.65) 340(23.59) 469(32.55) 565(39.21) 1441

MetS 22(0.89) 197(7.95) 551(22.23) 1709(68.93) 2479

Total 352 1145 1512 2572 5581

Abbreviations: FMD, free of metabolic disorder; MMD, mild metabolic disorder; SMD, severe metabolic disorder; MetS, 
metabolic syndrome.

Table 1 (Continued). 

Variables Group Definition n(%)

High LDL-C No 0 3386(60.7)

Yes 1 2195(39.3)

High HbA1c No 0 5196(93.1)

Yes 1 385(6.9)

High CRP No 0 4589(91.8)

Yes 1 408(8.2)

Abbreviations: BMI, body Mass Index; TC, total cholesterol; LDL-C, low density lipoprotein 
cholesterol; HbA1c, glycated hemoglobin; CRP, C-reactive protein.
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A female and beyond the age of 65, both non-modifiable factors, reduced the possibility of SMD recovery. Regarding the 
progression from SMD to MMD, overweight or obese individuals who had a history of drinking with little exercise had 
delayed its recovery. It is important that individuals with thin weight were 2.44 times as likely to revert their SMD state.
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Figure 2 Transition frequency of MetS states from Baseline to follow-up. 
Abbreviations: FMD, free of metabolic disorder; MMD, mild metabolic disorder; SMD, severe metabolic disorder; MetS, metabolic syndrome.
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Discussion
The study of natural history of chronic diseases is doubly complex due to their complex nature and multifactorial 
causality.8,18 The aim of a study on natural history is to clarify the factors that affect the overall risk of transition from 
one stage to another as a diseases progresses (or regresses).19 The natural history of MetS is extremely complex and its 
disease status is interrelated. With the change of time there is two-way conversion between states. Therefore, our study 
aimed to describe the dynamic evolution of MetS using Markov model based on CHARLS longitudinal dataset and to 
identify the associations between a set of variables that have been found to be related to spontaneous progression and 
reversion to MetS states.

Our results indicated that approximately a half states of MetS (50.28%) had disease state transfer. It is noteworthy that 
1319 cases (46.09% of the changed number) had reverse improvement of MetS. The diagnosis of MetS is complicated. 
Each state is the aggregation of five components. It can be improved because MetS does not follow a continuous 
progression mode.20 Interestingly, our 4-year follow-up results also highlighted that the probability and intensity of 
transition from MetS to SMD is the same as that from SMD to MMD and is greater than that from MMD to MetS. No 
matter what the baseline state of the study object is, it may be improved. The metabolic components of the MetS have 
a close association and shared roots, and they are overlapping in their pathogenic activities.21 The more metabolic 
disorder components are, it will be easier to develop into other chronic diseases that are not easy to recover. Therefore, 
mild metabolic disorder is an important disease state, it is advisable to check the other components carefully and 
periodically for people who usually have one of the components, which will be conducive to the prevention of the 
occurrence and development of MetS.22

In relation to the forward progression of MetS states, individuals who had a history of drinking and smoking, obesity 
or overweight and hyperuricemia, less exercise showed a higher risk of progressing MetS, which is consistent with the 
findings of previous research.23–26 Consider the variables of health status, these results can be explained by the fact that 
hyperuricemia is closely related to many risk factors of MetS, such as obesity, abnormal lipid metabolism, hypertension, 
etc., and they may have a common pathophysiological process.25,27 Obesity is closely related to inflammation and fat 
factors, leading to the occurrence of MetS and related diseases.28 The mechanism may be that genes related to lipid 
metabolism, obesity and insulin resistance are related to MetS and single nucleotide polymorphism.29 Focusing on 
lifestyle, various toxic substances from cigarette stimulate the release of adrenaline, which increases blood pressure and 
heart rate,30 and cause abnormalities in lipoprotein metabolism, endothelial cell dysfunction and insulin resistance, which 
increase the risk of MetS.26,31 The less physical exercise, the higher the risk of overweight, obesity and MetS.32 Smokers 
generally drink too much and do not exercise well, and thus these poor lifestyle habits further increase the risk of MetS.20 

Therefore, taking patients with obesity and hyperuricemia as high-risk groups, and healthy lifestyle should be followed to 
prevent, block and delay the progress of metabolic syndrome and its components. The most effective strategy is to 
change personal behavior, such as weight loss, regular exercise,33 healthy diet, smoking cessation and moderate alcohol 
consumption.21

Regarding the reversion of MetS, very few female over the age of 65 years experienced this transition. Previous studies 
have shown that the prevalence of MetS in women is higher than men,34,35 and the prevalence of all components of MetS is 

Table 3 The Transition Intensities Estimated by the Multistate Model

Original States Follow-Up States Mean Sojourn Time (Years)  
(95% CI)

FMD MMD SMD MetS

FMD −0.19 0.10 0.06 0.03 5.26(4.80–5.89)

MMD 0.03 −0.16 0.08 0.05 6.25(5.74–6.62)

SMD 0.01 0.06 −0.17 0.10 5.88(5.54–6.28)

MetS <0.01 0.02 0.06 −0.08 12.50(11.94–13.74)

Abbreviations: FMD, free of metabolic disorder; MMD, mild metabolic disorder; SMD, severe metabolic disorder; MetS, metabolic syndrome.
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higher in women than men.36 Thus, the speed of the MetS development is expected to be higher (as the prevalence of the 
MetS) in women than men and it is more difficult to return to normal. Studies suggest that metabolic syndrome is more 
common in postmenopausal elderly women.37 With the increase of age, the metabolic function, hormone level and enzymes 
of cells, tissues, organs and the whole body have degenerative changes, and are more prone to chronic diseases. In general, 
hormonal changes in older women contribute to the occurrence of MetS.38 As for such immutable factors, we should 
strengthen preventive treatment. As for modifiable variables, our results demonstrate that exercise, drinking, BMI and high 

Table 4 Forward Transitions of MetS States by Different Factors: Univariate Models [Hazard Ratios (95% CI)]

Variables FMD→MMD FMD→SMD FMD→MetS MMD→SMD MMD→MetS SMD→MetS

Gender 1.26(0.94,1.68) 1.08(0.75,1.56) 0.67(0.39,1.15) 1.02(0.83,1.24) 1.01(0.79,1.30) 0.95(0.80,1.12)

Age (year)

55~64 1.03(0.75,1.41) 1.02(0.67,1.54) 1.35(0.76,2.39) 1.01(0.80,1.26) 1.23(0.92,1.63) 0.98(0.81,1.19)

≥65 1.05(0.71,1.56) 1.15(0.70,1.89) 0.67(0.27,1.65) 0.98(0.75,1.29) 1.04(0.74,1.48) 1.02(0.82,1.26)

Marital status 0.93(0.49,1.76) 0.76(0.31,1.86) 1.35(0.49,3.74) 0.99(0.71,1.39) 0.79(0.50,1.25) 0.83(0.64,1.08)

Education

Primary school 0.99(0.70,1.43) 1.25(0.79,1.98) 1.01(0.49,2.07) 1.14(0.89,1.46) 1.06(0.77,1.46) 0.99(0.80,1.23)

Junior high school 0.91(0.62,1.32) 0.95(0.57,1.58) 1.44(0.75,2.77) 1.03(0.78,1.36) 1.01(0.71,1.44) 1.16(0.94,1.43)

≥Senior high school 0.72(0.40,1.28) 1.57(0.88,2.79) 0.89(0.31,2.57) 0.93(0.64,1.35) 1.37(0.92,2.05) 1.07(0.80,1.42)

Exercise

Occasionally 1.12(0.83,1.51) 1.27(0.85,1.89) 0.76(0.42,1.38) 0.96(0.77,1.21) 1.33(0.98,1.80) 1.10(0.89,1.37)

Little 0.76(0.45,1.25) 1.33(0.76,2.32) 1.07(0.49,2.35) 0.99(0.75,1.30) 1.91(1.37,2.65)* 1.56(1.27,1.91)*

Sleep time(h)

6–8 1.03(0.72,1.46) 1.05(0.67,1.63) 1.26(0.65,2.47) 1.06(0.84,1.36) 1.09(0.81,1.47) 1.01(0.83,1.24)

≥8 1.10(0.75,1.60) 0.95(0.58,1.56) 1.13(0.54,2.38) 1.03(0.79,1.34) 0.92(0.66,1.28) 1.10(0.89,1.36)

Smoke 1.13(0.84,1.51) 1.16(0.80,1.70) 0.60(0.32,1.13) 1.00(0.81,1.24) 1.40(1.08,1.80)* 1.10(0.92,1.32)

Drink 1.13(0.85,1.51) 1.31(0.91,1.90) 0.68(0.38,1.19) 1.08(0.88,1.32) 1.10(0.85,1.41) 1.21(1.02,1.43)*

Depression 0.91(0.67,1.22) 0.74(0.50,1.10) 1.33(0.77,2.28) 1.05(0.86,1.29) 0.97(0.75,1.26) 1.00(0.85,1.19)

Functional loss 0.69(0.48,0.99)* 1.40(0.95,2.08) 1.50(0.85,2.65) 0.95(0.75,1.20) 0.93(0.69,1.24) 0.95(0.79,1.16)

Hyperuricemia 1.19(0.67,2.09) 1.89(1.04,3.44)* 0.63(0.15,2.59) 1.13(0.72,1.77) 1.51 (0.92,2.46) 1.22(0.90,1.66)

BMI level

Thin 1.15(0.80,1.64) 0.52(0.28,0.97)* 1.04(0.52,2.08) 0.78(0.55,1.10) 0.68(0.41,1.10) 0.67 (0.42,1.07)

Overweight/Obesity 0.83(0.42,1.62) 1.87(1.05,3.35)* 0.63(0.15,2.61) 0.96(0.74,1.24) 1.79(1.36,2.36)* 1.77(1.49,2.09)*

High LDL-C 0.89(0.65,1.23) 0.89(0.59,1.35) 1.34(0.76,2.34) 0.97(0.78,1.20) 1.27 (0.98,1.63) 1.18(1.01,1.40)*

High HbA1c 0.96(0.43,2.16) 0.52(0.13,2.10) 1.14(0.28,4.68) 1.17(0.72,1.90) 0.95 (0.49,1.84) 0.96 (0.64,1.44)

High TC 0.73(0.45,1.19) 1.13(0.67,1.92) 1.42(0.69,2.90) 0.85(0.63,1.16) 0.90 (0.62,1.31) 1.07 (0.87,1.30)

High CRP 1.06(0.50,2.26) 0.99(0.37,2.70) 1.06(0.26,4.38) 1.08(0.73,1.61) 0.85 (0.49,1.46) 1.11 (0.79,1.55)

Note: *P < 0.05. 
Abbreviations: FMD, free of metabolic disorder; MMD, mild metabolic disorder; SMD, severe metabolic disorder; MetS, metabolic syndrome; BMI, body Mass Index; LDL-C, low 
density lipoprotein cholesterol; HbA1c, glycated hemoglobin; TC, total cholesterol; CRP, C-reactive protein; CI, confidence interval.
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HbA1c factors are related to reversion of MetS. The important thing is that people with lean weight have a higher probability 
of improvement, which can restore from severe metabolic syndrome. On the contrary, overweight or obesity, drinking 
history, high HbA1c and less exercise will hinder the reverse recovery of metabolic syndrome. The evidence has indicated 
that HbA1c is effective in identifying high-risk group for MetS.39 Therefore, we should also pay attention to the HbA1c in 
the physical examination population. Studies have shown that lifestyle changes have improved the occurrence of all 
components of MetS and reduced the incidence rate of diabetes and cardiovascular diseases.40 Indeed, the primary and 

Table 5 Backward Transitions of MetS States by Different Factors: Univariate Models [Hazard Ratios (95% CI)]

Variables MMD→FMD SMD→FMD SMD→MMD MetS→FMD MetS→MMD MetS→SMD

Gender 0.83(0.60,1.16) 1.40(0.87,2.26) 1.21(0.98,1.49) 2.29(0.99,5.31) 1.73(1.30,2.30)* 1.32(1.11,1.58)*

Age (year)

55~64 1.15(0.80,1.67) 0.78(0.45,1.34) 1.12(0.88,1.43) 0.87(0.37,2.05) 0.81(0.59,1.13) 0.93(0.77,1.14)

≥65 0.97(0.61,1.53) 0.77(0.41,1.45) 1.14(0.86,1.50) 0.11(0.02,0.89)* 0.89(0.63,1.27) 0.94(0.76,1.17)

Marital status 1.05(0.62,1.80) 1.35(0.71,2.57) 1.10(0.81,1.50) 0.31(0.04,2.39) 0.81(0.51,1.27) 0.98(0.77,1.27)

Education

Primary school 0.83(0.55,1.26) 0.91(0.49,1.66) 1.07(0.82,1.39) 0.61(0.17,2.17) 0.99(0.68,1.44) 1.07(0.86,1.33)

Junior high school 0.56(0.33,1.04) 0.61(0.29,1.27) 0.98(0.74,1.30) 1.21(0.42,3.42) 1.42(0.99,2.01) 1.12(0.89,1.40)

≥Senior high school 0.64(0.33,1.23) 1.29(0.62,2.69) 0.88(0.60,1.31) 1.04(0.23,4.64) 1.26(0.77,2.06) 1.16(0.86,1.56)

Exercise

Occasionally 0.87(0.61,1.24) 1.12(0.66,1.90) 0.87(0.69,1.11) 0.82(0.31,2.20) 0.87(0.61,1.23) 0.83(0.67,1.03)

Little 0.58(0.34,0.96)* 0.50(0.25,0.99)* 0.54(0.41,0.72)* 0.52(0.17,1.54) 0.74(0.52,1.05) 0.87(0.71,1.08)

Sleep time (h)

6–8 0.55 (0.37,0.83) 0.99(0.56,1.75) 0.93(0.72,1.20) 0.47(0.18,1.20) 1.00(0.72,1.40) 0.90(0.74,1.10)

≥8 1.02(0.69,1.50) 0.86(0.46,1.61) 0.92(0.70,1.21) 0.38(0.12,1.19) 0.95(0.66,1.37) 0.97(0.79,1.20)

Smoke 0.69 (0.48,1.00) 0.71(0.39,1.28) 0.98(0.77,1.25) 1.30(0.48,3.53) 1.13(0.80,1.60) 1.17(0.95,1.44)

Drink 0.86(0.61,1.21) 0.86(0.52,1.43) 0.85(0.68,1.07) 0.87(0.32,2.36) 0.93(0.67,1.29) 1.17(0.97,1.41)

Depression 1.00(0.71,1.39) 0.99(0.61,1.62) 1.02(0.82,1.2) 1.11(0.48,2.60) 1.03(0.77,1.37) 1.04(0.88,1.24)

Functional loss 1.04(0.72,1.51) 1.09(0.64,1.88) 0.98(0.76,1.25) 0.94(0.35,2.55) 1.27(0.93,1.73) 1.01(0.83,1.23)

Hyperuricemia 1.04 (0.49,2.23) 0.69 (0.22,2.18) 0.67 (0.40,1.12) 0.46 (0.06,3.48) 0.70 (0.40,1.22) 0.77 (0.56,1.06)

BMI level

Thin 1.46(0.97,2.22)* 2.21(1.20,4.08)* 1.44(1.03,2.02)* 2.03(0.26,15.62) 1.29(0.57, 2.94) 1.56(0.91, 2.69)

Overweight/Obesity 0.17(0.07,0.41) 0.14(0.06,0.35) 0.40(0.31,0.53)* 0.38(0.16,0.91)* 0.35(0.26,0.47)* 0.74(0.63,0.88)*

High LDL-C 0.87(0.61,1.23) 0.55(0.32,0.94)* 0.87(0.70,1.08) 0.50(0.20,1.28) 0.80(0.60,1.07) 0.89(0.75,1.06)

High HbA1c 0.72(0.27,1.94) 0.33(0.05,2.35) 0.86(0.49,1.49) 0.41(0.06,3.03) 0.46(0.24,0.86)* 0.42(0.29,0.63)*

High TC 1.10 (0.70,1.74) 0.96(0.53,1.76) 0.93 (0.71,1.22) 0.44 (0.13,1.47) 0.91(0.66,1.26) 0.90 (0.75,1.10)

High CRP 0.49(0.20,1.19) 1.81(0.82,3.98) 1.05(0.67,1.63) 1.96 (0.56,6.81) 0.56 (0.30,1.06) 0.77(0.56,1.07)

Note: *P < 0.05. 
Abbreviations: FMD, free of metabolic disorder; MMD, mild metabolic disorder; SMD, severe metabolic disorder; MetS, metabolic syndrome; BMI, body Mass Index; LDL-C, 
low density lipoprotein cholesterol; HbA1c, glycated hemoglobin; TC, total cholesterol; CRP, C-reactive protein; CI, confidence interval.
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most effective strategy to control each component of MetS is lifestyle change such as losing body weight, keeping regular 
exercise, adopting a healthy diet, quitting smoking and alcohol drinking in moderation.21

Of note, unlike models dealing only with the progression from normal to MetS, the Markov model pays 
particular attention to random changes, its advantage is that the disease development process is divided into several 
states to dynamically evaluated bidirectional transitions between the different states of MetS, which overcomes the 
limitations of Cox regression ignoring the reversible characteristics between multiple outcome states and logistic 
regression ignoring the influence of time factors on the development of events.41 In addition, the model has unique 
advantages in identify significant factors for progression and regression and helped to develop prevention and 
intervention targeting strategies.42,43 This analysis approach could explain why variables that are traditionally 
associated with a risk of MetS in our multivariate study are only associated with the transitions between specific 
states.

The study has some limitations. Although the diagnosis of MetS is multifactorial and explained by reversible and 
non-reversible variables, the absence of information about some biomarkers and dietary habits makes it difficult to 
determine the etiology of each particular state of MetS. After identifying the factors affecting the state transition of MetS, 
we will also advocate paying attention to high-risk groups and corresponding lifestyle changes to reduce the risk of MetS. 
Future research will aim to investigate more variables to explore the etiology of each particular state of MetS. 
Furthermore, the “natural” transition probability might not be completely natural because some individuals might have 
received interventions through health services.

Table 6 Forward and Backward Transitions of MetS States by Different Factors: Multivariate Models [Hazard Ratios (95% CI)]

Variables Forward Transitions Backward Transitions

FMD→SMD MMD→MetS SMD→MetS SMD→FMD SMD→MMD MetS→MMD MetS→SMD

Gender 0.74(0.42,1.32) 0.74(0.53,1.05) 0.75(0.59,0.95)* 1.93(1.03,3.64)* 1.40(1.05,1.86)* 2.35(1.60,3.44)* 1.34(1.04,1.72)*

Age

55~64 1.22(0.77,1.91) 1.31(0.97,1.76) 1.08(0.88,1.32) 0.64(0.36,1.15) 1.02(0.79,1.32) 0.77(0.55,1.09) 0.93(0.76,1.15)

≥65 1.33(0.77,2.28) 1.18(0.81,1.72) 1.23(0.98,1.55) 0.43(0.22,0.86)* 0.92(0.68,1.25) 0.81(0.55,1.19) 0.94(0.74,1.18)

Exercise

Occasionally 1.24(0.82,1.89) 1.30(0.95,1.76) 1.06(0.86,1.32) 1.39(0.80,2.41) 0.93(0.73,1.18) 0.93(0.65,1.33) 0.88(0.71,1.09)

Little 1.36(0.74,2.50) 1.60(1.14,2.26)* 1.36(1.10,1.69)* 0.81(0.39,1.6) 0.67(0.50,0.89)* 0.81(0.56,1.16) 0.88(0.71,1.09)

Smoke 1.32(0.81,2.15) 1.66(1.22,2.26)* 1.16(0.93,1.45) 0.56(0.30,1.07) 0.90(0.68,1.18) 0.80(0.53,1.21) 0.97(0.75,1.24)

Drink 1.32(0.87,2.02) 1.10(0.83,1.46) 1.30(1.07,1.57)* 0.75(0.42,1.34) 0.76(0.59,0.98)* 0.70(0.48,1.02) 1.03(0.83,1.28)

Functional loss 1.37(0.91,2.06) 0.95(0.71,1.28) 0.99(0.81,1.20) 1.03(0.60,1.78) 0.95(0.74,1.21) 1.21(0.89,1.66) 0.97(0.80,1.19)

Hyperuricemia 2.01(1.07,3.76)* 1.40(0.84,2.33) 1.08(0.78,1.48) 0.89(0.27,2.90) 0.76(0.45,1.29) 0.71(0.40,1.26) 0.74(0.54,1.03)

BMI level

Thin 0.53(0.28,1.01) 0.65(0.40,1.08) 0.66(0.41,1.06) 2.44(1.29,4.59)* 1.43(1.01,2.01)* 1.28(0.56,2.95) 1.51(0.88,2.61)

Overweight/Obesity 1.93(1.06.3.53)* 1.68(1.25,2.25)* 1.68(1.41,2.00)* 0.15(0.06,0.37)* 0.44(0.33,0.58)* 0.36(0.27,0.48)* 0.76(0.63,0.90)*

High LDL-C 0.90(0.59,1.37) 1.19(0.92,1.55) 1.11(0.94,1.32) 0.67(0.39,1.18) 0.97(0.77,1.22) 1.00(0.74,1.35) 0.98(0.82,1.17)

High HbA1c 0.47(0.11,1.95) 1.07(0.54,2.10) 0.97(0.64,1.46) 0.28(0.04,2.08) 0.79(0.45,1.37) 0.54(0.29,1.03) 0.45(0.30,0.67)*

Note: *P < 0.05. 
Abbreviations: FMD, free of metabolic disorder; MMD, mild metabolic disorder; SMD, severe metabolic disorder; MetS, metabolic syndrome; BMI, body Mass Index; LDL-C, 
low density lipoprotein cholesterol; HbA1c, glycated hemoglobin; TC, total cholesterol; CI, confidence interval.
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Conclusion
Multistate models are crucial in providing the general disease trajectories through intermediates states to alert program 
response before an adverse event occurs. Our study found the likelihood of progression from mild metabolic disorder to 
metabolic syndrome is less likely than that of reversion from metabolic syndrome to severe metabolic disorder and severe 
metabolic disorder to mild metabolic disorder. It is prudent to target early metabolic syndrome screening initiation 
strengthen the daily monitoring of blood pressure, blood lipid, blood glucose, waist circumference and other indicators of 
individuals to prevent subsequent progression. Old females were more resistant to recover from worse states than males, 
so special attention should be paid to such groups. Once this is achieved, it is expected to find mild metabolic disorder, 
severe metabolic disorder and reduce the risk of developing metabolic syndrome. Targeted screening and health 
education should be carried out to guide people to reduce their risk of chronic metabolic diseases such as diabetes and 
dyslipidemia through rational diet and active participation in physical exercise.

Abbreviations
CHARLS, China Health and Retirement Longitudinal Study; MetS, Metabolic syndrome; FMD, free of metabolic 
disorder; MMD, mild metabolic disorder; SMD, severe metabolic disorder; BMI, body Mass Index; Low HDL-C, low 
high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; ADL, ability of daily living; CES-D10, 
Center for Epidemiological Studies Depression Scale-10; TC, total cholesterol; HbA1c, glycated hemoglobin; CRP, 
C-reactive protein; HbA1c, glycated hemoglobin; CI, confidence interval; HR, Hazard Ratios.
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