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Three-year weight change and risk R

of all-cause, cardiovascular, and cancer
mortality among Iranian adults: over a decade
of follow-up in the Tehran Lipid and Glucose
Study

Niloofar Deravi'?!, Seyyed Saeed Moazzeni'", Mitra Hasheminia', Reyhane Hizomi Arani', Fereidoun Azizi* and
Farzad Hadaegh'"

Abstract
Background: We investigated the impact of weight change on mortality in a population-based cohort setting.

Methods: We conducted two weight measurements for 5436 participants aged > 30 years with an approximate
3-year interval. Based on their weight change, we categorized participants to: > 5% weight loss, 3-5% weight loss,
stable weight (£ < 3%), 3-5% weight gain, > 5% weight gain. We followed participants for mortality annually up to
March 20th 2018. We applied the multivariable Cox proportional hazard models to estimate hazard ratios (HRs) and
95% confidence intervals (Cls) of weight change categories for all-cause, cardiovascular (CV), and cancer mortality,
considering stable weight as reference. The Cox models was adjusted for age, sex, educational level, body mass index,
smoking status, hypertension, hypercholesterolemia, diabetes, and cardiovascular disease (CVD) at baseline.

Results: During a median follow-up of 14.4 years, 629 deaths (247 CV and 126 cancer deaths) have occurred. Over
5% weight loss and gain were associated with increased risk of all-cause mortality in multivariable analysis with HRs
of 1.47[95% Cl: 1.17-1.85] and 1.27 [1.02-1.57], respectively; however, a 3-5% loss or gain did not alter the risk of
all-cause mortality significantly. These significant risks for wight change > 5% were not modified by the presence of
diabetes, obesity, and smoking status; however, the unfavorable impact of weight change on mortality events was
more prominent in those older than > 65 years (P-value for interaction: 0.042). After excluding those with history of
CVD, diabetes, and cancer during the weight measurements period, these associations significantly attenuated (HR:
1.29 [0.89-1.87] for > 5% weight loss and 1.12 [0.84—1.50] for > 5% weight gain). Additionally, a > 5% weight loss was
also associated with about 60% higher risk for CV mortality (HR: 1.62 [1.15-2.28]), and a 3-5% weight loss was associ-
ated with about 95% higher risk of cancer mortality (HR: 1.95 [1.13-3.38]).
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Conclusions: Our findings showed a U-shaped association across weight change categories for all-cause mortality
risk with over 5% weight gain and loss causing higher risk. Moreover, weight loss can have adverse impact on CV and

cancer mortality events.

Keywords: Body weight changes, Mortality, Cause of death, Cardiovascular diseases, Cancer

Introduction

Obesity is a major public health concern. In 2016, the
prevalence of obesity was more than 20% among men and
more than 30% among women in most of the countries of
the Middle East and North Africa (MENA) region; how-
ever, the worldwide prevalence of obesity was 11.6% for
men and 15.7% for women [1]. Almost all countries of the
MENA region are in nutritional transition from a tradi-
tional to a modern diet that is heavy in processed foods
and fast. Therefore, their burden of disease has already
shifted from communicable to non-communicable dis-
eases (NCD). In 2013, the mean energy intake in most
countries of MENA region was reported higher than the
global average [1]. Moreover, a progressive increase of the
fat contribution in the diet was found in most countries
of this region [2]. Furthermore, air pollution is of crucial
significance in the MENA, since it has some of the high-
est levels of ambient air pollution worldwide. A potential
role of ambient air pollution in the development of obe-
sity has also been previously proposed [3].

According to the data from the STEPwise approach
to surveillance (STEPS) survey, the prevalence of over-
weight/obesity among Iranian adults aged 20-65 years
increased from 57.8% in 2007 to 62.8% in 2016 [4].
Moreover, according to STEPs 2016, the prevalence
of overweight/obesity among Iranian adults aged
65—69 years and >70 years were 69.7 and 55.5%, respec-
tively [5].

As a major risk factor, high body mass index (BMI)
attributed to 18.8% of deaths and 12.9% of disability-
adjusted life years (DALYs) of NCDs in 2019 in Iran [6]. A
J- or U-shaped relation between BMI and mortality was
already established that both underweight and obesity
categories were at higher mortality risk [7, 8]. Only a sin-
gle measurement of BMI/weight was included in several
previous cohort studies [7—9], which ignores the dynamic
aspect of body weight over time. Therefore, the evalua-
tion of long/short term consequences of weight change
during certain life periods is also of high importance.

A meta-analysis of 25 cohort studies reported that
among individuals aged 40-65 years, weight loss and
weight gain were associated with almost 45% and 7%
increased all-cause mortality risk, respectively; the cor-
responding values were 50% and 21% for cardiovascu-
lar (CV) mortality risk, respectively [10]. Similarly, a
recent meta-analysis of 30 prospective studies reported

that compared with stable weight, both weight loss and
weight gain were associated with 59% and 10% increased
risk of all-cause mortality, respectively, among older
adults[11]. It should be noted that in both of these
meta-analyses, significant heterogeneities were reported
among included studies (I? ranged from 41%-89%). Eth-
nic/Racial differences have also been evidenced in body
composition [12], obesity status [13], as well as weight
management behavior [14]. Consequently, the asso-
ciation between weight change and longevity could also
vary across ethnic/racial groups [15]. To the best of our
knowledge, no study has evaluated the impact of weight
change on all-cause, CV, and cancer mortality risk in
the MENA region. We aimed to investigate the impact
of 3-year weight change on mortality rates using a large-
scale, population-based cohort of Iranian adults with
more than a decade of follow-up.

Materials and methods

Study design and study population

The Tehran Lipid and Glucose Study (TLGS) is a pro-
spective cohort study conducted on a representative
sample of residents of Tehran, the capital of the Islamic
Republic of Iran.

The TLGS was designed to investigate the prevalence
and incidence of NCDs and their risk factors among Ira-
nian population [16]. Tehran was comprised of 20 urban
districts at the start of the TLGS. The district no. 13 was
chosen for sample selection. The rationales for selecting
district 13 were: (1) high stability of the population resid-
ing in district 13 compared to other districts of Tehran,
and (2) the age distribution of the population of district
13 was similar to the age distribution of the overall Teh-
ran population [16]. Details, measurement methods, and
enrollment strategy of the TLGS have been described
elsewhere [17]. Briefly, in the first phase (1999-2002),
15,005 individuals aged >3 years were enrolled in the
study using a multistage stratified cluster random sam-
pling technique, and re-examinations were conducted at
approximately 3-year intervals. Another 3550 individuals
were added in the second phase (2002—-2005) and were
followed in a triennial manner.

For this study, we selected 9558 participants
aged>30 years from phase 1 and 2, as the base-
line population, and identified their weight change
in the next phase with an interval of about 3 years.
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Participants were followed up for all-cause death annually.

(Median follow-up: 14.4 years)
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1999-2002 (phase I)————» 2002-2005 (phase II)
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2002-2005 (phase II)————— 2005-2008 (phase 1)

Fig. 1 Timeline of the study design: the Tehran Lipid and Glucose Study, Iran, 1999-2018

20 march 2018

For those individuals who were enrolled at phase 1,
weight change was identified in phase 2, and for par-
ticipants who were enrolled at phase 2, weight change
was measured in phase 3 (2005-2008). From the 9558
eligible participants, 4084 participants were excluded
due to missing data on weight measurement (at base-
line or next follow-up visit) or covariates at baseline.
Moreover, we excluded 38 participants with no follow-
up data. Finally, 5436 participants remained, who were
followed up for all-cause death. Participants were cen-
sored at the date of loss to follow-up or study end (20
march 2018) (Fig. 1).

We obtained written informed consent from all par-
ticipants. This study was approved by the ethical com-
mittee of the Research Institute for Endocrine Sciences
of Shahid Beheshti University of Medical sciences.

Clinical and laboratory measurements

At each visit, we used interviewer-administered ques-
tionnaires to obtain demographic information, medi-
cation usage, past medical history, educational level,
and smoking habits. We measured weight by a digi-
tal scale to the nearest 100 g and height in a standing
position while participants had light clothing and no
shoes on. Furthermore, we calculated BMI as weight
in kilograms divided by the square of height in meters.
Subsequent to 15 min of rest, two physician-measured
blood pressures were performed on the right arm
using a standard sphygmomanometer. We assessed
systolic blood pressure (SBP) and diastolic blood pres-
sure (DBP) as the mean of these two blood pressure
measurements. We took morning blood samples from
all participants after at least 12 h of fasting. We also
performed measurements of fasting plasma glucose
(FPQ) and total cholesterol (TC) by standard methods,
as described in detail before [16].

Definition of terms

We defined diabetes mellitus as one of these criteria: a)
FPG>7 mmol/L and b) taking any glucose-lowering
drugs. Furthermore, we defined hypertension as these
three criteria: SBP > 140 mmHg, or DBP > 90 mmHg, or
using antihypertensive drugs as hypertension. Also, we
defined having TC > 5.18 mmol/L or using lipid-lowering
drugs as hypercholesterolemia [17].

Based on smoking habits, we divided our participants
into two groups: a) current smokers, b) past/never smok-
ers. We categorized educational levels into 3 groups: 1)
more than 12 years, 2) between 6—12 years, and 3) less
than 6 years of academic education.

We calculated weight change as:

Follow—up measurement—Baseline measurement
Baseline measurement x 100. Based on
3-year weight change percentage, as recommended by Ste-

vens et al. [18], we categorized participants into five groups:
a) more than 5% weight loss; b) 3% to 5% weight loss; ¢)
less than 3% weight change [reference group]; d) 3% to 5%
weight gain; e) more than 5% weight gain.

Outcome assessment

Details of the TLGS outcome collection have been
explained previously [19]. To summarize, through an
annual phone call, a trained nurse interviewed partici-
pants for any new medical events. In cases of mortality,
a verbal autopsy was performed using a standard ques-
tionnaire. The questionnaire consists of time and loca-
tion (in home or hospital) of death plus medical events
or complications leading to death. We collected medical
data for each deceased person by referring to medical
record departments of service providers (outpatient or
hospital). The collected data was assessed by a panel of
specialists included an internist, a cardiologist, an endo-
crinologist, a pathologist, and an epidemiologist. The
outcome committee adjudicated an underlying cause of
death for each deceased participant.
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Statistical analyses

Baseline characteristics of the respondents (study par-
ticipants) and non-respondents (those with missing data
of main exposure/covariates or those without follow-up
data) were compared. The Student’s t-test and the Chi-
square test for continuous and categorical variables were
used, respectively. We also illustrated baseline character-
istics across weight change categories as number (%) for
categorical variables and mean =+ standard deviation (SD)
for continuous variables.

Based on literature review[10, 11, 20], confounding fac-
tors were selected. Then, to assess the relation of weight
change categories with incident all-cause, CV, and cancer
mortality, we applied the multivariable Cox proportional
regression analysis, and the hazard ratios (HRs) with 95%
confidence intervals (Cls) were reported in two mod-
els: Model 1: adjusted for age and sex; Model 2: Model
1+ further adjusted for educational level, BMI, smoking
status, hypertension, hypercholesterolemia, diabetes, and
cardiovascular disease (CVD) at baseline. Multicollinear-
ity of independent variables was checked via the variance
inflation factor (VIF) statistic; given the VIF of <4, we did
not find evidence of collinearity in the model.

As a sensitivity analysis, to eliminate the effects of unin-
tentional weight loss, participants with CVD, diabetes,
and cancer at baseline or first follow-up were excluded
and the association of weight change categories with all-
cause mortality was reassessed.

We also checked the interactions of weight change cat-
egories with age groups (>65 years versus<65 years),
sex (men versus women), BMI groups (>30 kg/m? ver-
sus<30 kg/m?), diabetes (yes versus no), and smoking
status (past/never versus current) via the log-likelihood
ratio test in the multivariable model, in separate models.

Time to event is described as the time of censoring or
the death occurring, whichever came first. We censored
individuals in the case of leaving the district, lost to fol-
low-up, or being alive in the study until March 20th 2018.

To assess proportionality in the Cox models, we used
the Schoenfeld residual test; our proportionality assump-
tions were all appropriate. We employed STATA version
14 (StataCorp LP, College Station, Texas) for statistical
analyses. P-values of <0.05 were considered statistically
significant.

Results
Our study population consisted of 5436 participants
(2395 men) with a mean age of 47.9 (SD: 12.1) years at
baseline.

As shown in Additional file 1: Table S1, compared
to non-respondents, respondents were older, less edu-
cated, had higher BMI and total cholesterol, but had
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lower prevalence of CVD and current smoking. Moreo-
ver, no difference was found for mortality events between
groups.

Baseline and the first follow-up characteristics of the
individuals across weight change categories are presented
in Table 1. During the first three years of the follow-
up, almost 42% of the subjects had a stable weight (-3%
to+3%). Furthermore, 27% and 9% of the participants
had a weight gain or weight loss of more than 5%, respec-
tively. Generally, in the total population, after 3 years of
follow-up, BMI and FPG increased among continuous
variables. Moreover, the prevalence of CVD and usage
of glucose lowering, antihypertensive, and lipid-lowering
drugs were increased; while SBP, DBP, total cholesterol,
and current smoking were decreased.

During a median follow-up of 14.4 years of [inter-
quartile range: 12.7-15.5], 629 deaths (373 among men)
have been recorded. The distribution of different causes
of death is shown in Fig. 2. Underlying causes of mor-
tality in the total population were CV (n=247), cancer
(n=126), infectious diseases (n=96), accidents (n=20),
diabetes complications (#=22), and others (n=11).
Moreover, 107 cases of death had not a classified cause.

The multivariable HRs and 95% Cls of the association
between weight change categories and all-cause mortal-
ity risk are shown in Table 2. Compared to subjects with
stable weight, those who lost and gained more than 5%
of weight had age- and sex-adjusted HRs of 1.61 [95%
CI: 1.29-2.02] and 1.22 [0.99-1.50; P-value: 0.066] for
the risk of all-cause mortality, respectively; the cor-
responding risks in model 2 were 1.47 [1.17 -1.85] and
1.27 [1.02-1.57], respectively. Importantly, male sex,
older age, having less than 6 years of education, cur-
rent smoking, history of CVD, diabetes, and hyperten-
sion were significantly associated with increased risk of
all-cause mortality in model 2 (data not shown). After
exclusion of those with history of CVD, diabetes, and
cancer at baseline or first follow-up, 4294 participants
remained, with a total number of 321 cases of death
during follow-up. Generally, no significant association
was remained; however, a suggestive (but not signifi-
cant) 30% higher risk was found for the weight loss of
over 5%. (Additional file 2: Table S2).

Fig. 3 shows the associations of weight change catego-
ries with CV and cancer mortality events. As shown in
Fig. 3-A, for CV mortality, a>5% weight loss was sig-
nificantly associated with increased risk (HR: 1.62 [1.15—
2.28]). Moreover, after excluding those with prevalent
CVD at baseline (313 participants), the results did not
change (Additional file 3: Fig. S1). In our data analysis, a
3-5% weight loss was also associated with an increased
risk for cancer mortality events by a HR of 1.95 [1.13—
3.38] (Fig. 3-B).
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Unclassified: 107 (17.0%)

Other: 11 (1.7%%)

Accident: 20 (3.2%)

Infectious disease: 96 (15.3%)

Cancer: 126 (20.0%)

Unclassified: 55 (14.7%)

Other: 8 (2.1%%)

Accident: 16 (4.3%)

Infectious disease: 50 (13.4%)

Cancer: 74 (19.8%)

Unclassified: 52 (20.3%)

)

Accident: 4 (1.6%

Infectious disease: 46 (18.0%)

Total population

Men

Women

Cardiovascular disease: 247 (39.3%)

Diabetes complications: 22 (3.5%)

Cardiovascular disease: 157 (42.1%)

i Diabetes complications: 13 (3.5%)

Cardiovascular disease: 90 (35.2%)

Diabetes complications: 9 (3.5%)

Cancer: 52 (20.3%)

Fig. 2 The distribution of causes of death in total population, men, and women

Multivariable HRs and 95% Cls of the subgroup anal-
ysis are presented in Fig. 4. Considering age stratifica-
tion, the interaction between age groups (<65 years
versus >65 years) and weight change categories was
significant with a P-value of 0.042. Weight loss of>5%
increased the risk of all-cause mortality in both age
groups with a greater effect size for those aged > 65 years
(HR: 2.01 versus 1.38); however, weight gain had a signifi-
cant impact only among the older population (HR: 1.44
[1.03-2.00]). The interaction of weight change categories
with sex had also a P-value of 0.088; weight gain caused
more prominent adverse effects among men; however,
weight loss of over 5% increased the risk of mortality
in both sexes. Moreover, although the interactions of
weight change categories with BMI categories, diabetes,

and smoking status were not significant, in line with the
total population, generally, gaining and losing weight of
more than 5% was found to be significantly associated
with higher risk of all-cause mortality among non-obese
(BMI<30 kg/m?), non-diabetes participants, as well as
never/past smokers.

Discussion

In this study, with more than a decade of follow-up,
after adjustment for a large set of covariates, compared
to the stable weight, participants with a > 5% weight loss
or weight gain had significantly higher risk of all-cause
mortality. These significant risks were not modified
by the presence of diabetes, obesity, and smoking sta-
tus; however, the unfavorable impact of weight change
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Table 2 Multivariable hazard ratios (HR) and 95% confidence
intervals (Cl) of the association between weight change
categories and all-cause mortality: the Tehran Lipid and Glucose
Study, Iran, 1999-2018

Model 1 Model 2
HR (95% CI) P-value HR(95% Cl) P-value
Weight change categories

Lost>5% 1.61(1.29-2.02) <0.001 1.47(1.17-1.85) 0.001
Lost 3% to 5% 1.04(0.78-1.39) 0.775 1.04(0.78-1.38) 0.811
Stable (+3%) Reference Reference
Gained 3% to 5%  0.90 (0.69-1.18) 0448 1.00 (0.76-1.30) 0.978
Gained > 5% 1.22(0.99-1.50) 0.066 1.27 (1.02-1.57) 0.029

Model 1: adjusted for age and sex. Model 2: Model 1+ further adjusted

for body mass index, educational level, smoking status, hypertension,
hypercholesterolemia, diabetes mellitus, and history of cardiovascular disease
at baseline

on mortality events was more prominent in the older
population. Moreover, compared to women, men were
more sensitive to the impact of weight gain on mor-
tality events. Additionally, a >5% weight loss was also
associated with about 60% higher risk for CV mortality,
and a 3-5% weight loss was associated with about 95%
higher risk of cancer mortality.

Comparing the findings of this study with other stud-
ies is not simple due to the differences in the mean age
and other baseline characteristics of the participants,
the sample size, considerable variations in the defini-
tions of weight change categories, and level of adjust-
ments for confounders. In the current study, we found
a U-shaped association between weight change and
all-cause mortality events. A large-scale Korean cohort
reported a reverse J-shaped association between 4-year
weight change and all-cause mortality risk, regard-
less of BMI categories [21]. A similar association was
also recently reported in a multi-ethnic cohort in the
United States among native Hawaiians, Japanese Amer-
icans, African Americans, whites, and Latinos [22]. A
large population-based cohort study on middle-aged
and elderly Chinese demonstrated a U-shaped associa-
tion between weight change and all-cause/CV mortal-
ity risk, with both moderate-to-large weight gain and
loss conferring excess risk compared to the nadir risk
for stable weight [23]. Among the UK population in the
European Prospective Investigation into Cancer in Notr-
folk cohort, it was shown that compared to the stable
weight, weight loss was associated with higher mortal-
ity; however, findings for weight gain were inconclusive
[24].

The significantly higher risk of weight loss for all-cause
mortality was also addressed in two important meta-analy-
ses. Firstly, in a meta-analysis of 25 prospective studies, it is
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reported that weight loss was related to 45% increased risk
of all-cause mortality in middle and older age [10]. Another
one showed that weight loss increased all-cause mortal-
ity risk by 59% in older adults> 65 years [11]. Likely, in
our data analysis, the impact of >5% weight loss was more
pronounced among older participants than the younger
age group (100% versus 38% increased risk for mortality,
respectively). Weight loss can be related to loss in fat and
also muscle or lean body mass, particularly relevant among
an aging population (sarcopenia). Since the recovery of
muscle mass loss is difficult, weight loss in older adults is
regarded problematic [25-27]. While on the contrary, indi-
viduals who maintain body weight in later life could be
more likely to maintain muscle and bone mass compared to
those losing weight [28, 29]. Undiagnosed pre-existing dis-
eases could also be a plausible explanation for the observed
increase in mortality risk among those who lost weight,
especially for unintentional weight loss; however, in the
current study, only 46 (7.3% of total mortality) deaths have
occurred during the first two years of follow up; hence, this
issue might not play a significant role in our population.
Additionally, in our study, individuals with a weight gain
of >5% were also at higher risk of mortality; the associa-
tion was more prominent in older adults. This is in line
with findings from the two previous meta-analyses con-
ducted among adults aged 40-65 years [10] and specifi-
cally among older adults aged 65 years or above [11]. Since
excess adiposity is proved to increase the mortality risk
[7, 30], weight gain is assumed to heighten mortality risk.
Weight gain is also known to increase the risk of CVD,
which may also heighten mortality risk [31]. Importantly,
we found that gaining weight was associated with more
unfavorable impact among men, and its association was
demonstrated even as little as more than 3% weight gain.
It was suggested that weight gain was more attributable
to the accumulation of visceral adipose tissue among men
that significantly associated with poor outcomes [32].
Regarding cause specific mortality, in this study, a
weight loss of >5% showed a significant increased risk of
CV mortality in the multivariable model; however, such
association was not observed for weight gain. The meta-
analysis of 25 studies [10], as well as two recent Chinese
studies [33, 34], reported an association of both weight
loss and weight gain with increased risk of CV mortality.
Additionally, a 3 to 5% weight loss was associated with an
increased risk of cancer mortality. This can be described
by the fact that cancer-associated weight loss is associated
with poor prognosis in advanced malignancy [35]. The
study by Li et al. did not report significant risk of cancer
related mortality among BMI change groups in overall
population; however, a 5% decrease in BMI was associated
with 14% increase in the risk of cancer-related mortality
among men [36]. Another study from UK also reported
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Fig. 3 Multivariable hazard ratios (HR) and 95% confidence intervals (Cl) for the association of weight change categories with cardiovascular
mortality (A) and cancer mortality (B). Model 1: adjusted for age and sex; Model 2: further adjusted for body mass index, educational level, Smoking
status, hypertension, hypercholesterolemia, diabetes mellitus, and history of CVD at baseline

that both weight gain and loss could increase the risk of
cancer-related mortality by 17 and 14%, respectively [37].

This study has important strengths, including its pro-
spective nature with long comprehensive follow-up. Fur-
thermore, to the best of our knowledge, this study is the
first to examine weight change and the risk of all-cause
mortality in the MENA region. Finally, some previous
studies related to the effect of weight change were based
on self-reported questionnaires, which may have a recall
information bias; however, based on the physical exami-
nation, our study used actual measurements of anthropo-
metric indices and confounding factors.

We also acknowledge several limitations. First, due to
the lack of available data, it was unknown whether weight
change was unintentional or intentional. Intentional
weight loss for health improvement is proved to be asso-
ciated with lower mortality [38], particularly for obese
individuals; therefore the exclusion of those intentionally
losing weight could affect the findings of this study. Impor-
tantly, when we excluded those with prevalent comorbidity
at the baseline, which potentially might have unintentional
weight loss, those with weight loss more than 5% still had
about 30% higher risk of mortality events that did not

reach to the significant level. Second, data on some poten-
tial residual confounders, including silent comorbidi-
ties, previous weight fluctuations, socioeconomic status
(excluding educational level), diet, and daily energy intake
were not available; the issue might affect our results. More-
over, due to using different tools for physical activity level
assessment in phases I (Lipid Research Clinic question-
naire) and II (Modifiable Activity Questionnaire), physical
activity and its change were not considered as covariates;
however, in national studies, it was shown that more than
21% of Iran population were physically inactive in 2011
[39]. Third, certain subgroup analyses could still be under-
powered due to the small number of participants in certain
strata, which may have led to insignificant associations in
some categories. Therefore, the subgroup analyses findings
should be extrapolated with caution. Forth, about 40% of
eligible population at the baseline did not enter the data
analysis; however, the mortality rate did not differ between
respondents versus not respondents. This issue might indi-
cate that the impact of older age, lower education, higher
BMI and total cholesterol among respondents for mor-
tality events was attenuated by the lower prevalence of
CVD and current smoking. So, the selection bias might
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in E were excluded from the models

Fig. 4 Multivariable hazard ratios and 95% confidence intervals, stratified by age (A), sex (B), BMI (C), Diabetes (D), and smoking status (E). E/N:
Number of event/ Number of participants; BMI: body mass index; Multivariable hazard ratios were adjusted for age, sex, BMI, educational level, SMK,
hypertension, hypercholesterolemia, and history of CVD at baseline; considering that age in A, sex in B, BMIin C, Diabetes in D, and smoking status

not apply to our data analysis. Fifth, we could not inves-
tigate the weight change in different age stages or through
a longer period due to the limited sample size. Finally, the
present study only included Tehranian participants and is
not a national representative; hence, results cannot be gen-
eralized to the other ethnicities or rural populations.

Conclusion

In this large-scale population-based cohort study of
Iranian adults, during more than 14 years of follow-up,
3-year weight change demonstrated a U-shaped associa-
tion with all-cause mortality risk; both weight gain and
weight loss of >5% were associated with increased all-
cause mortality risk. It was also found that weight loss of
over 5% and 3-5% was significantly associated with CV
and cancer mortality events, respectively.
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