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Abstract 

Backgrounds:  Abdominal obesity has been linked to risk of mortality, but whether and how trajectory of waist 
circumstance (WC) underpins this association remains unclear. The study aimed to identify long-term WC change 
trajectories and examine their association and joint effect with body mass index (BMI) on mortality among Chinese 
older adults.

Methods:  This present study included participants 60 years of age or older from China Health and Nutrition Survey 
(CHNS) from 1991 to 2015. The duration of follow-up was defined as period from the first to latest visit date attended 
with information on mortality, end of follow-up, or loss to follow-up (censoring). Latent class trajectory analysis (LCTA) 
was used to assess the changes of WC trajectories overtime. Cox proportional hazard models were used to assess 
hazard ratios (HRs) and corresponding 95% confidence internal (CIs) for mortality.

Results:  A total of 2601 participants with 8700 visits were included, and 562 mortality (21.6%) occurred during a 
median follow-up of 8.7 years. Using a group-based modeling approach, four distinct trajectories of WC change 
among Chinese older adults were identified as loss (13.5%), stable (46.8%), moderate gain (31.2%) and substantial gain 
(8.5%). With WC stable group as reference, the multivariable adjusted HRs for mortality were  1.34(95%CI:1.01-1.78) in 
loss group, 1.13(0.91-1.41) in moderate gain and 1.54(1.12-2.12) in substantial gain group. Compared with participants 
with normal BMI at baseline and maintained WC stable, the risk of mortality generally increased for all WC change 
group in initial overweight/obesity individuals, and the highest risk were observed for WC loss and stable pattern 
(HR:2.43, 95%CI: 1.41–4.19; HR:1.67 (1.07–2.60)).

Conclusions:  In older Chinese, both long-term WC loss and substantial gain conferred excess risk for mortality. The 
baseline BMI might modify the effect as overweight individuals had a greater risk imposed by WC loss than those in 
normal weight. Maintaining stable WC and normal weight might be necessary to reduce the risk of mortality.
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Background
The prevalence of obesity and overweight is high and 
increasing dramatically in all age groups [1, 2]. In China, 
it was estimated that 85 million adults (95% CI: 70 mil-
lion-100 million]) aged 18–69 years were in obesity meas-
ured by BMI in 2018, which had tripled from 2004 [3]. 
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Meanwhile, visceral obesity measured by waist circum-
ference (WC) is common among Chinese population, 
even in those with normal BMI (30.3% in 2011) [4]. Nota-
bly, aging was generally associated with higher WC and 
redistribution of body fat to the abdominal region were 
often reported in the older [5]. Therefore, it is impor-
tant to evaluate the long-term trend and distribution of 
WC among the older adults, considering the huge ageing 
population.

The association between WC and all-cause mortality 
has been a topic of debate. It is well-known that poten-
tial causal association between higher WC and all-cause 
and cardiovascular mortality was supported by prospec-
tive observational studies [6]. And even among those in 
normal BMI range, WC was positively associated with 
mortality in older adults [7, 8]. Furthermore, evidence 
was increasingly accumulating that WC change might be 
associated with additional health outcomes, compared to 
static weight status [7, 9]. Most of them implied that the 
WC change trajectories might vary across race and age, 
and suggested that higher mortality might attribute to 
steeper increase in the slope of WC [10–12].These efforts 
were valuable but far from conclusive because of meth-
odological limitations, as most previous studies defined 
WC change as the difference in WC measures between 
two time points, or assumed the WC-mortality link over 
time was simple linear. Moreover, they tended to inter-
pret insufficiently for the possible interaction with ini-
tial BMI (the most commonly used measure of weight 
status), although previous cohort studies highlighted 
the importance of combing both WC and BMI for risk 
assessment with mortality [13, 14].Yet, data is still limited 
on the long-term WC-mortality link among older Chi-
nese adults, who are combating with severe epidemic of 
abdominal obesity [15].The two cohort studies reported a 
U-shaped association between WC change and mortality 
in older Chinese [12, 16]. However, both of them calcu-
lated the WC change as the proportion disparity between 
current and initial WC, which could not identify the true 
change circle. In present study, we aimed to extract WC 
change trajectories over time among older Chinese based 
on a nationwide population-based cohort study. We tried 
to examine association between WC change patterns and 
mortality, and outline the specific WC change trajectory 
related to higher risk for guiding adiposity and associ-
ated health risk. We also attempted to assess the poten-
tial joint effect of WC change and BMI at baseline with 
morality.

Materials and methods
Study population
Data used in current study was from China Health 
and Nutrition Survey (CHNS), which was an ongoing 

open-cohort, collaborative study to examine the effect 
of social and economic transformation of Chinese soci-
ety on nutrition and health status in this population. The 
open database, study materials and acknowledgement 
is available at the website (www.​cpc.​unc.​edu/​proje​cts/​
china). A multistage random cluster process was used 
to draw a sample of about 7,200 households with over 
30,000 individuals in 15 provinces. The first round of 
CHNS was conducted in 1989 and was subsequently con-
ducted in 1991, 1993, 1997, 2000, 2004, 2006, 2009, 2011 
and 2015. A detailed description of study design and 
procedures has been reported elsewhere [17]. All par-
ticipants signed the informed consent and this study was 
approved by the institutional review committees of the 
National Institute of Nutrition and Food Safety, Chinese 
Center for Disease Control and Prevention, the Univer-
sity of North Carolina at Chapel Hill, and the China–
Japan Friendship Hospital, Ministry of Health.

In present study, all work followed the Strengthening 
the Reporting of Observational studies in Epidemiology 
(STROBE) statement of cohort studies. The first survey 
wave was set as 1993 when complete WC information 
was collected. In brief, the data used were based on 8 
waves of CHNS performed from 1993 to 2015. The flow 
diagram of participants was summarized in Supplemen-
tal Fig. 1. A total of 31,770 participants with 92, 497 vis-
its were extracted from the original study. We excluded 
participants who were less than 60y or less than 2 vis-
its in the follow-up period, pregnant women, and who 
were with outlying data (e.g., weight > 300 kg or < 20 kg). 
Finally, 2601 participants with 8,700 visits were available 
for the final analysis.

Definition of follow‑up in the study
Individuals included in current analysis were followed 
prospectively from their first visit in the CHNS. The 
study was an open cohort, as participants might enter 
and leave in any wave, and those lost to follow-up in 
one wave were still likely to enter the survey in other 
waves. Therefore, the duration of follow-up duration was 
defined as period from the first to latest visit attended 
with information on mortality, end of follow-up, or loss 
to follow-up (censoring).

Ascertainment of deaths
All-cause mortality was ascertained based on the report 
of household members in each survey year [18]. If a death 
case was duplicated in more than one survey wave, then 
the first report was chosen [18].

Anthropometry measurement
Weight, height, and WC were measured by trained 
health care workers following standardized protocols as 
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recommended by the WHO at each wave [17]. Weight 
was measured to the nearest 0.1  kg using a calibrated 
beam scale with participants wearing lightweight cloth-
ing, and height was measured to the nearest 0.1 cm using 
a portable stadiometer without shoes. WC was measured 
at a point midway between the lowest edge of the rib 
cage and the highest edge of the iliac crest in a horizon-
tal plane using nonelastic tape [19]. Three measurements 
were taken for all indicators, and the averages were used 
for the analyses [19]. BMI was categorized as follows: 
lean, BMI < 18.5  kg/m2; normal weight, BMI was from 
18.5 to 23.9  kg/m2; overweight, BMI was from 24.0 to 
27.9 kg/m2; obesity, BMI ≥ 28 kg/m2 [20]. WC was classi-
fied as: WC < 80.0, 80.0 to 87.9, 88.0 to 93.9, ≥ 94 cm, cor-
responging to low, noraml, morderate-high and high WC 
for men; the cut point for women was < 72.0, 72.0–79.9, 
80.0–87.9, ≥ 88, respectively [21]. And the last two was 
defined as central obesity.

Trajectory of change in WC
We used latent class trajectory analysis (LCTA) imple-
mented by SAS Proc Traj procedure, a group based 
modeling approach to identify subgroup sharing similar 
underlying trajectory of change [22, 23].We modeled WC 
change between each wave as current WC minus base-
line WC overtime and repeated trajectory analysis with 
changing group number from 2 to 5, and performed both 
linear, quadratic and cubic of models. To determine the 
optimal model following standard guidelines [22], we 
considered several factors including the Bayesian Infor-
mation Criterion (BIC), significance of polynomial terms, 
value of average posterior probability (entropy) and of 
group membership probability, leaning towards par-
simony in number of trajectory groups [24]. For each 
trajectory, we aimed for groups with membership prob-
abilities ≥ 5% [24]. Within each trajectory, the value of 
mean posterior probability of membership was ascer-
tained, as it was at least 75.0% indicated enough internal 
reliability [25].Further information on parameter estima-
tion of fitting WC trajectory model were available in Sup-
plemental material. After WC change trajectories were 
determined, each individual was assigned exclusively to 
the trajectory group with the highest posterior probabil-
ity. Trajectory membership was used as an indicator vari-
able in present analyses.

Covariates assessments
Evidence from large-scale cohort studies suggested that 
mortality risk and weight change might be confounded 
by demographics variables, lifestyle factor and physi-
cal measurement (BMI and blood pressure) [19, 26, 27]. 
According to these studies and a priori knowledge about 
CHNS data [28], a set of covariates were ascertained 

including socio-economic status (gender, age, enrollment 
year, education and income level, residence), lifestyle var-
iables (smoking, drinking and physical activity), dietary 
energy intake (total energy intake) and baseline anthro-
pometry (blood pressure, BMI and WC) and chronic 
diseases.

Information on socio-economic status and lifestyle fac-
tors were collected through standardized interview ques-
tionnaire. Income was measured in RMB and derived 
from total household. Smoker were assigned if they 
answer “yes” to the question “Have you ever smoked cig-
arettes (hand-rolled or device-rolled)”. Similarly, drinkers 
were defined if they consumed alcohol including beer, 
wine or other alcoholic beverage during the past year. 
Physical activity level was measured by a semi-quantita-
tive question, including items of occupational, domes-
tic, travel, and leisure time in this study. The intensity 
score, indicated by metabolic equivalent (MET) score, 
was calculated by multiplying frequency and duration 
of the activity converted to per day [29]. Dietary energy 
intake was estimated via 3 consecutive 24-h recalls. The 
individual and household were asked to record each type 
and weight of food they consumed during 3 consecutive 
day [30]. Chronic diseases included diabetes, myocardial 
infarction, stroke and cancer, and they were diagnosed 
by trained clinicians and self-reported by participants in 
each survey wave.

Statistical analysis
We calculated the follow-up person years from the date 
of returning the individuals first enrolled to the date of 
mortality or the end of cohort, whichever came first. 
Baseline demographic and health-related variable were 
summarized across different WC change trajectories, 
with number and percentage for categorical variables 
and mean and S.D. for continuous ones. Chi-square 
test and ANOVA were used to compare baseline char-
acteristic differences. Cox proportional hazard regres-
sion was used to assess the WC-mortality link, with 
WC stable trajectory as reference. We elevated the 
proportional hazards assumption by creating interac-
tion term of follow-up time and main variables includ-
ing WC change trajectories. Results of likelihood-ratio 
test indicated no significant, consistent with visual 
inspection of log–log plots. Hazard ratios (HRs) 
and corresponding 95% confidence intervals (CIs) 
were adjusted for covariates including age (continu-
ous), urbanization (urban, rural), gender, education 
(never, < 6  years, 6–8  years, 9–11  years, >   11  years) 
and income level (continuous), enrollment year (con-
tinuous), initial BMI (lean, normal, overweight and 
obesity) and WC (continuous), initial SBP/DBP (con-
tinuous), smoking status (no, yes), drinking status (no, 
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yes), physical activity (categorized by median value, 4.3 
MET*hours/day) and dietary energy intake (catego-
rized by median value, 1964.5 kcal/d). Consistent with 
previous studies [28], we completed the main analysis 
by assuming that variables were missing completely at 
random (MCAR). We examine the interaction of WC 
change trajectories and BMI at baseline by creating a 
cross product of them. In the regression model, this 
variable was significantly associated with event (Wald 
χ2 = 7.910, P = 0.005). Likelihood ratio test compar-
ing with and without this variable conforms this result 
with significance. Thus, we stratify the sample by base-
line BMI status to better understand this relationship. 
We repeated Cox proportional hazard regression, with 
WC stable trajectory and normal weight at baseline as 
reference. Furthermore, we conducted subgroup analy-
sis to explore the possible heterogeneity of association, 
according to the baseline characteristics as gender, 
BMI status, urbanization, smoking status, drinking 
status, physical activity and dietary energy intake. For 
each of these variables, we tested for potential effect 
modification using likelihood ratio tests. Due to the 
potential for type I error caused by multiple compari-
sons, the interpretation of subgroup analyses should 
be treated as exploratory [31].

We also conducted several sensitivity analyses to 
evaluate the robustness of the findings. First, we 
excluded participants with 3 times or less to test appli-
cability of favorable models and its association with 
mortality. Second, we used subsample of individuals 
without a history of chronic diseases (diabetes, myo-
cardial  infarction, stroke or cancer), to accommodate 
potential residual confounding from pre-existing dis-
ease. Third, we completed multiple imputation using 
the chained equations models. The predictors in mul-
tivariate models included WC change trajectories, 
hypertension and other demographics, anthropometry 
and health behavior variables. We used linear regres-
sion models for continuous variables and discriminant 
functions for categorical variables to impute values. A 
total of 20 datasets were generated, as the total missing 
across these variables was lower than 15%. We repeated 
the analysis in each augmented dataset, and calculated 
parameter estimates the 20 sets and their SEs by the 
Rubin method. Finally, to assess the effect of baseline 
WC on the association between WC change trajec-
tories and mortality, we estimated HRs of mortality 
according to baseline WC (non-central obesity and cen-
tral obesity), with WC stable trajectory and normal WC 
at baseline as reference. All analyses were conducted 
with SAS 9.4 (SAS Institute, Cary, NC). Two-sided 
tests were used and P < 0.05 was considered statistically 
significant.

Results
Baseline characteristics of the study population
A total of 2601 individuals (mean age ± SD, 67.3 ± 6.1; 
52.2% women) were included in the analysis. Mean fol-
low-up time was 8.7  years, during which 562 deaths 
occurred. Smoker and drinker accounted for 31.4% and 
30.9%. The average WC and BMI were 82.5 ± 10.7 cm and 
23.1 ± 3.7 kg/m2. More detailed baseline characteristic of 
the study participants was presented in Supplementary 
Table 1.

Long‑term WC change trajectory
Results of group-based trajectory modeling analysis indi-
cated that the model with four trajectories had a better 
fit (lowest Bayesian Information Criteria) than that with 
other number of trajectories. The four potential trajec-
tories were identified and characterized as WC loss (a 
total average decrease of 8-12 cm), stable (change within 
1  cm), moderate gain (increase of nearly 10  cm) and 
substantial gain (increase of nearly 20  cm).The group 
membership probability across 4 groups were   13.5%, 
46.8%, 31.2%, and 8.5%. The average posterior probability 
assignment ranged from 78.6 to 86.2%, and indicating a 
good discrimination of trajectory. (Supplementary text, 
Supplementary Table 2 and 3).

The extracted four WC trajectories could be inter-
pretable in context of the conventional WC categories 
(Fig.  1). Starting from the flattest to the steepest trajec-
tory classes, WC stable trajectory was characterized with 
a slight WC change and covered 46.8% of participants. 
In the moderate gain trajectory, WC value increase by 
10  cm and approximately entered into central obesity 
range. Another WC increase group (substantial gain) 
started out on a trajectory towards the greater end of 
obesity range. This trajectory covered 8.5% (n = 222) of 
participants with a rapidly total average gain of nearly 
20  cm. The only decrease group (“loss”, n = 351) had an 
average decrease of 8–12 cm during follow-up period.

Participant characteristics across WC change trajectory
The distribution of demographics and lifestyle char-
acteristics across WC change trajectories was showed 
in Table  1. Participants with WC substantial gain tra-
jectories were more likely to be women, rural residents 
and less educated, compared with stable groups. All 
physical measurement including WC/BMI, weight sig-
nificantly disparate across the four trajectory groups. 
Higher proportion individuals with general/central 
obesity at baseline tended to follow WC loss pattern 
(p < 0.001). Relatively younger participants had higher 
odds of WC stable relative to other change group. How-
ever, their physical activity level, smoking and drinking 
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status, dietary energy intake and duration of follow-up 
were similar. Additionally, participants in WC loss group 
tended to have a higher prevalence of chronic disease.

Association of WC change trajectories with mortality
During the mean of 8.7 years of follow-up, a total of 562 
death (21.6%) were reported. Among these participants, 
80 were in WC loss group (22.8%), 232 in “stable” group 
(19.1%), 184 in “moderate gain group” (22.7%) and 66 in 
“substantial gain” group (29.7%). Cumulative hazard of 
mortality across the four trajectory patterns is shown in 
Fig. 2. Both loss and substantial gain patterns were asso-
ciated with increased risk of mortality (Table  2). Com-
pared with the stable group, substantial WC gain and loss 
group witnessed 55% (HR: 1.55, 95%CI: 1.18–2.04) and 
38% (HR: 1.38, 1.07–1.79) increase in the risk of mortal-
ity. The association was somewhat attenuated but per-
sisted significance after adjustment for age, gender, PA 
level and other potential covariates. No significant rela-
tion were observed between moderate gain group and 
mortality (HR: 1.07, 95%CI: 0.88–1.30; p = 0.512).

Joint analysis of WC change trajectories and baseline BMI
We further assessed the joint association of WC 
change trajectories and initial BMI with mortality 
(Table  3). Individuals in normal BMI at baseline and 
maintained stable WC were assigned as reference. 
Compared to the reference group, adults with normal 
weight but following WC substantial gain pattern were 
at 54% increased risk of mortality after controlling for 
potential confounders (HR:1.54, 95%CI: 1.10–2.17). 

While the adverse effect of WC loss weaken to insig-
nificance among normal weight group (p = 0.113). 
The risk of mortality generally increased for all WC 
change group  among baseline overweight individu-
als, and those in WC loss group were at higher risk 
(HR:2.43, 95%CI: 1.41–4.19; p = 0.001). The HRs for 
WC stable pattern, moderate gain and substantial 
gain were 1.67 (1.07–2.60), 1.58 (0.95–2.63) and 1.36 
(0.60–3.09) respectively.

Subgroup analysis and sensitivity analysis
No significant interaction was observed between 
prespecified subgroup and mortality (p for interac-
tion > 0.05; Supplemental Fig.  2). These different strata 
all provided consistent results with our main findings. 
Sensitivity analysis by excluding the participants with 
measurement < 4 times suggested no disparate results 
with those from the analytic samples. Similar finding 
was observed in multiple imputation datasets, with the 
direction and magnitude of the association persisted. 
However, when we excluded individuals with history 
of chronic disease at baseline, the adverse effect of WC 
loss trajectory attenuated to no  statistical  significance 
(HR: 1.43, 0.96–2.14; p = 0.082). Detailed results was 
presented in Supplementary Table 4. Significant higher 
risk of mortality was observed in non-central obesity 
participants following WC substantial trajectory (HR: 
1.49, 95%CI: 1.09–2.04) and those in high WC level and 
WC loss pattern (HR: 1.59, 95%CI: 1.12–2.26), com-
pared with individuals in normal WC level and per-
sisted stable trajectory (Supplementary Table 5).

Fig. 1  Trajectory modeling identified four distinct WC change patterns. For ease of interpretation, WC substantial gain trajectory are presented in 
black, moderate gain in blue, stable trajectory in green and WC loss trajectory in red. WC indicates waist circumference
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Discussion
In this prospective cohort study of older Chinese, we 
identified 4 distinct WC change trajectories by latent 

trajectory method. The study found that WC change 
was associated with an increased all-cause mortality, 
with a  54% increased for long-term WC substantial gain 

Table 1  Baseline characteristics of participants across WC change trajectory groups

Data shown as mean ± SD or N (%). Data was derived from China Health and Nutrition Survey (CHNS) from 1993 to 2015. Chi-square test for categorical variables and 
ANOVA for continuous variables were used to compare baseline characteristic differences. WC Waist circumference, BMI Body fat mass

Demographics WC trajectories group Statistics P

Loss Stable Moderate gain Substantial gain

No. Participants 351 1216 812 222

Follow-up duration (year) 8.1 ± 5.0 8.6 ± 5.6 9.1 ± 5.7 8.8 ± 5.1 3.370 0.018

No. Death during the follow-up, N (%) 80 (22.8) 232 (19.1) 184 (22.7) 66 (29.7) 14.058 0.003

  Age (y) at baseline 68.0 ± 6.4 66.9 ± 5.8 67.1 ± 6.1 68.9 ± 7.0 8.420  < 0.001

  Gender, N (%)

    Male 159 (45.3) 602 (49.5) 395 (48.7) 88 (39.6) 8.455 0.038

    Female 192 (54.7) 614 (50.5) 417 (51.0) 134 (60.4)

  Location, N (%)

    Urban 200 (57.0) 612 (50.3) 361 (44.5) 94 (42.3) 20.363  < 0.001

    Rural 151 (43.0) 604 (49.7) 451 (55.5) 128 (57.7)

  Education year (y) at baseline, N (%) 4.6 ± 4.9 5.1 ± 5.0 4.2 ± 4.6 3.9 ± 4.6 7.400  < 0.001

    never 129 (40.3) 387 (34.5) 309 (41.3) 96 (47.1) 28.647 0.004

     < 6 years 67 (20.9) 235 (21.0) 171 (22.8) 36 (17.7)

    6–8 years 32 (10.0) 158 (14.1) 85 (11.4) 27 (13.2)

    9–11 years 51 (15.9) 168 (15.0) 104 (13.9) 26 (12.8)

     >  11 years 41 (12.8) 173 (15.4) 80 (10.7) 19 (9.3)

Income (yuan) at baseline 13,071.5 ± 16,000.6 11,786.0 ± 11,944.0 9936.5 ± 14,012.2 11,291.4 ± 17,779.3 3.780 0.010

Behavior at baseline
  Cigarette Smoker, N (%) 95 (27.2) 381 (31.4) 276 (34.0) 67 (30.3) 6.637 0.356

  Alcohol Drinker, N (%) 99 (28.5) 385 (31.8) 263 (32.5) 56 (25.2) 5.715 0.126

  Physical Activities (MET-hours/day) 7.8 ± 9.3 8.1 ± 10.3 7.2 ± 10.1 6.9 ± 9.6 1.960 0.119

Anthropometry at baseline
  Systolic blood pressure (mmHg) 136.9 ± 20.7 132.7 ± 20.1 130.2 ± 20.8 131.1 ± 21.7 8.980  < 0.0001

  Diastolic blood pressure (mmHg) 84.0 ± 12.7 81.4 ± 12.2 80.0 ± 12.6 81.2 ± 12.6 8.530  < 0.0001

  Height (cm) 158.8 ± 9.1 158.7 ± 8.6 157.7 ± 8.5 157.0 ± 8.6 3.920 0.008

  Weight (Kg) 62.4 ± 11.9 60.1 ± 11.4 54.8 ± 10.0 52.8 ± 9.8 72.110  < 0.001

  WC (cm) 92.5 ± 8.4 85.6 ± 9.0 76.4 ± 7.9 71.1 ± 7.2 494.600  < 0.001

    Lean, N (%) 9(2.4) 203(16.7) 391(48.2) 147(66.1) 884.583  < 0.001

    Normal, N (%) 46(13.0) 274(22.5) 246(30.3) 58(26.4)

    Morderate-high, N (%) 73(20.9) 378(31.1) 137(16.8) 17(7.5)

    High, N (%) 223(63.6) 361(29.7) 38(4.7) 0(0.0)

  BMI (kg/m2) 24.7 ± 4.2 23.8 ± 3.6 21.9 ± 3.1 21.4 ± 3.0 72.110  < 0.001

    Lean, N (%) 27 (7.7) 76 (6.3) 103 (12.7) 45 (20.3) 208.553  < 0.001

    Normal, N (%) 138 (39.3) 581 (47.8) 505 (62.2) 134 (60.4)

    Overweight, N (%) 124 (35.3) 411 (33.8) 181 (22.3) 38 (17.1)

    Obesity, N (%) 62 (17.7) 148 (12.2) 23 (2.8) 5 (2.3)

Dietary Total Energy (kcal) at baseline 1956.0 ± 590.6 1988.5 ± 672.5 2038.6 ± 693.9 2005.1 ± 695.1 1.500 0.212

Chronic disease
  Diabetes 52 (14.8) 128 (10.5) 53 (6.5) 11 (5.0) 26.963  < 0.001

  Myocardial infarction 26 (7.4) 54 (4.4) 35 (4.3) 7 (3.1) 7.401 0.060

  Stroke 39 (11.1) 92 (7.6) 58 (7.1) 13 (5.9) 7.122 0.068

  Cancer 2 (0.57) 22 (1.81) 10 (1.23) 1 (0.45) 4.979 0.173
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and   34% increased for WC loss, compared with stable 
WC. By comparison, the effect of moderate gain was 
more modest and insignificant (7% increase in mortal-
ity). Furthermore, the increased risk was more striking 
for those in WC loss and overweight group at baseline, 
compared with WC stable and normal BMI. Our study 
suggested avoiding excessive WC gain or loss and main-
taining reasonable weight might be helpful to reduce risk 
of mortality. However, the results should be interpreted 
with caution due to the small sample size and complexity 

of WC change in the older. Further study was warranted 
to confirm our findings and clear the possible reasons.

We extracted four distinct and mutually exclusive WC 
change pattern using LCTA method and assessed the 
possible contributors of baseline characteristic or behav-
iors to their trajectory profiles. This helps to concep-
tualize the change trajectory of WC and probe into the 
individuals’ heterogeneity in the susceptibility of change 
over time, which is helpful for public health policy and 
further research. During the 8.7-year period, over a 

Fig. 2  Cumulative incidence event risk of mortality among different patterns of waist circumference (WC) change trajectory

Table 2  Multivariate Cox regression analysis for the associations between WC change trajectories and mortality a

a HR, hazard ration. CI, confidence interval, WC stable trajectory was reference group

Model 1 was unadjusted model without any covariates

Model 2 adjusted age, gender, enrollment year, education and income level, smoking and drinking status, physical activity levels, initial BMI and WC, initial SBP/DBP, 
dietary energy intake and chronic disease

Model 3 adjusted propensity score of aforementioned covariates as a linear and only covariate

Models Loss Moderate gain Substantial gain

HR(95%CI) P HR(95%CI) P HR(95%CI) P

Model 1 1.38 (1.07–1.79) 0.014 1.07(0.88–1.30) 0.512 1.55(1.18–2.04) 0.002

Model 2 1.34(1.01–1.78) 0.041 1.13(0.91–1.41) 0.253 1.54 (1.12–2.12) 0.008

Model 3 1.45 (1.11–1.90) 0.007 1.07 (0.88–1.30) 0.505 1.62(1.22–2.16) 0.001
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third of participants gained WC significantly and trans-
ited up into higher level over time. It might be likely 
that these numbers would be higher for today’s adults, 
as abdominal obesity is highly prevalent among Chinese 
adults, compounded by the ageing of the population 
[15, 32]. Our analysis suggested that women were more 
likely to follow WC substantial gain trajectory. Previous 
studies reported consistent finding that women showed 
a great increase in WC than men of the same age, and 
continued increase their WC throughout the lifespan [5, 
33]. It has been hypothesized that hormonal levels might 
be responsible for post-menopausal changes in fat distri-
bution [34]. In addition, relatively older or less educated 
participants had higher odds of WC loss or substantial 
gain, compared with stable group. Participants in WC 
loss trajectory were more likely to be overweight or obese 
at baseline. Both intentional and unintentional weight 
loss could occur in older population, and they might be 
associated with disparate health outcomes [35]. However, 
We could not evaluate the potential intention for the loss 
limited by data and further study was required to address 
this.

Our data suggested that the bulk of adverse changes in 
mortality among older Chinese might be attributable to 
excessive rapid WC gain, irrespective of main confound-
ers including age, initial BMI and health-related behav-
ior factors. The adverse effect persisted across subgroup 
and sensitivity analysis. This finding was in accordance 
with previous cohort studies in other countries [7, 23, 
36]. Actually, in a meta-analysis of 26 cohort studies, 

weight gain were associated with 45% higher mortal-
ity risk in middle aged and older adults [37]. It was well 
known that WC strongly reflected visceral adipose tis-
sue, a risk factor for certain cancers and cardiometabolic 
disturbances [38]. Inflammation of visceral adipose tissue 
mediated metabolic disturbances [39], and excess adi-
pose tissue elevated free fatty acid release, which might 
result in cellular proliferation and tumor growth [40]. 
Another sobering finding was that participants who gain 
WC moderately and entered into central obesity range 
tended to be accompanied by no lower risk of mortal-
ity. This was incongruent with previous epidemiological 
data where “obesity paradox” phenomenon was observed 
[19, 41, 42]. According to this paradox, a survival benefit 
was reported among overweight individuals compared 
with those in healthy weight. It has been proposed that 
overweight/obesity might provide a metabolic buffer for 
wasting diseases in older subjects [27]. Another explana-
tion for the discrepant results might be reverse causality 
or residual confounding, as the paradox were attenu-
ated in studies with short follow-up duration or in those 
including smokers [43].

The positive association between WC loss trajectory 
and all-cause mortality was consistent with previous 
cohort studies in different cultural and socioeconomic 
population [9, 26]. Results from the Melbourne collabo-
rative cohort study reported that WC loss was associated 
with a 26% (HR: 1.26, 95%CI: 1.09–1.47) increased risk 
of all-cause mortality, compared to those who had mini-
mal changes [9]. WC loss in older population might be an 
indicator encompassing not just fat but also loss of skele-
tal muscle and bone [44], thus WC loss in later life might 
be an increasing frailty or underlying disease resulting in 
excess mortality [37]. In China, WC loss related morbidi-
ties including cancer, diabetes, and kidney disease were 
the cause of death [45]. In addition, undernutrition, low-
grade inflammation and sarcopenia might also explained 
partly the enhanced risk of mortality [46]. However, there 
was increased risk of reverse causation in the aged pop-
ulation due to the high prevalence of most chronic dis-
eases. In our sensitivity analysis by excluding subjects 
with WC measurement < 4 times, the positive WC-mor-
tality relations weakened to the marginal statistical sig-
nificance and disappeared if excluding those with chronic 
disease. More work was needed to establish the actual 
association and explore the possible mechanism.

Of note, the current study suggested that the effect 
of WC change stratified by initial BMI, and the striking 
increased risk was observed for WC loss and stable in 
overweight participants, providing evidence that baseline 
BMI might be an effect modifier. Similar joint association 
between BMI and WC was previously reported [11, 23]. 
The adverse effect of WC substantial gain persisted in 

Table 3  The joint analysis of initial BMI and WC change 
trajectories on risk of mortality

Data shown as HR (95%CI). Non-overweight was defined as BMI at 
baseline < 24.0 kg/m2., Overweight was defined as BMI at baseline > 24.0 kg/m2. 
HR Hazard ration. CI Confidence interval. WC stable trajectory and initial non-
overweight was the reference group

Crude model adjusted no covariate; adjusted model included age, gender, 
enrollment year, education and income level, smoking and drinking status, 
physical activity levels, initial SBP/DBP, dietary energy intake and chronic 
diseases

Group Crude model Adjusted model

HR(95%CI) P HR(95%CI) P

Non-overweight

  Loss 1.67(1.20–2.33) 0.002 1.35 (0.93–1.94) 0.113

  Stable Ref Ref

  Moderate gain 1.09(0.87–1.36) 0.446 1.06 (0.83–1.35) 0.636

  Substantial gain 1.63(1.20–2.21) 0.002 1.54 (1.10–2.17) 0.013

Overweight and obesity

  Loss 1.19(0.81–1.73) 0.378 2.43 (1.41–4.19) 0.001

  Stable 0.93(0.71–1.21) 0.580 1.67 (1.07–2.60) 0.025

  Moderate gain 0.87(0.61–1.25) 0.460 1.58(0.95–2.63) 0.080

  Substantial gain 0.97(0.80–1.16) 0.704 1.36(0.60–3.09) 0.458
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normal BMI but decreased to in insignificance in over-
weight population, compared with normal weight and 
stable WC group. Those with normal BMI and high WC 
might have excessive visceral fat but less muscle mass, 
compared with individuals in same BMI weight and no 
central obesity [47]. Nevertheless, the no association in 
those with higher baseline BMI should be interpreted in 
caution, as the robustness of results might be limited by 
the small sample (N = 43). Additionally, initially over-
weight and stable WC also contributed to higher risk of 
mortality. Similar moderating effect was also observed 
between baseline WC and WC change patterns in sensi-
tivity analysis. Taken together, the joint analysis indicated 
that individuals with normal weight and maintaining 
stable or moderate WC change had lower mortality risk 
than other groups. Given the small sample of each group, 
further examination of whether and how baseline BMI/
WC modifies the association between WC change and 
mortality in older adults was essential.

Several strengths and limitations should be addressed 
when interpreting the our findings. The longitude analy-
sis of WC change patterns and their interaction with BMI 
at baseline might be of great significance to promote pre-
vention adiposity issue among Chinese older adults. The 
LCTA trajectory method had the unique ability to extract 
the developmental course of WC and categorize individ-
uals into distinct, mutually exclusive groups. All physical 
measurements were conducted by research staff, which 
reduced cognitive biases because of self-administered 
measurements. However, the sample size might limit the 
results robustness for estimating mortality risk, although 
the main results were consistent with previous studies 
across Asian and western countries [23, 36]. Second, the 
association between WC change trajectories and specific-
cause mortality was not evaluated owing to lack of data. 
Third, residual confounding cannot be fully avoided, 
although we adjusted for  detailed covariates includ-
ing chronic diseases. But the adverse effect of WC loss 
and substantial gain persisted across a series of sensitiv-
ity, which might argue against reverse causality to some 
extent. Forth, we could not specify the reasons for weight 
change or differentiate whether they were intentional or 
not. It generally considered that weight loss regardless of 
intentional or unintentional was associated with adverse 
diseases and characteristics in older men, and suggested 
that the potential intentions such as personal choice, 
intentionally physician’s advice, intentionally or unin-
tentionally owing to ill health might be associated with 
disparate morality risk [35, 48]. We could answer these 
knowledge in current study limited by data and further 
work was warranted to assess our findings and identify 
the possible biological pathways between long-term WC 
change and mortality.

Conclusions
Our study suggested that majority of participants suf-
fered WC change during follow-up in older Chinese. 
Both long-term WC loss and substantial gain was asso-
ciated with increased risk of mortality, with some evi-
dence that overweight individuals might have a greater 
risk imposed by WC loss than those in normal BMI, 
although the mechanism was not well understood. 
Taken together, our study suggested avoiding excessive 
weight gain and maintaining stable WC might be ben-
eficial for mortality. Due to that there were relatively 
few end events in each subgroup, the interpretation of 
results should be cautious. Further studies were required 
to unravel the mechanism underlying the association 
between WC change and mortality and to confirm our 
findings.
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