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Abstract
Studies have reported a higher mortality risk associated with weight loss, particularly in middle-aged and older adults,

although some of these studies did find that gaining weight was also associated with an increased mortality risk. We

examined changes in weight in relation to mortality in a prospective population-based cohort study of men and women,

resident in Norfolk, UK. Participants were assessed at baseline (1993–1997) and at a second examination (1998–2000), as

part of the European Prospective Investigation into Cancer and Nutrition (EPIC-Norfolk) study, and followed up to 2015

for mortality. Participants with a self-reported history of cancer or cardiovascular disease, body mass index\ 18.5 kg/m2

or missing data on adjustment variables, at either time-point were excluded, leaving 12,580 participants, aged 39–78 in

1993–1997, eligible for analyses. Cox proportional hazards models were used to determine Hazard Ratios (HRs) for all-

cause (2603 deaths), cardiovascular (749 deaths), cancer (981 deaths), respiratory (226 deaths) and other causes of

mortality (647 deaths) by categories of weight change. After multivariate adjustment, the HRs (95% CIs) for all-cause

mortality for men and women who lost more than 5 kg were 1.85 (1.48–2.31) and 1.64 (1.31–2.05) respectively. Higher

hazards were also found for specific causes of mortality and weight loss[ 5 kg. Similar associations were observed after

excluding deaths in the first 5 years of follow-up. Results for weight gain were inconclusive. We conclude that objectively

measured weight loss, but not weight gain, was associated with subsequent higher mortality risk in this population-based

study of middle-aged and elderly men and women. However, undiagnosed, pre-existing disease and the inability to account

for weight cycling need to be remembered when interpreting these results. Unravelling the causal pathways underlying this

association will require more detailed studies, including that of changes in body composition.
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Introduction

Overweight and obesity are major risks for deaths world-

wide [1–4] and are estimated to contribute to 44% of the

diabetes burden, 23% of the ischaemic heart disease burden

and 7–41% of certain cancer burdens [5]. In 2012, it was

estimated that 37% of adults (aged 16 and over) were

overweight (body mass index (BMI) C 25 to\ 30 kg/m2)

and 25% were classified as obese (BMI C 30 kg/m2),

based on Health Survey for England data [6]. Data col-

lected between 1993 and 2012 show that the percentage of

English adults with a BMI C 18.5 to \ 25 kg/m2 has

decreased from 41 to 32% among men and from 50 to 41%

among women [7].

A recent NICE guideline makes recommendations on

the provision of weight management services for over-

weight or obese adults [8]. It recommends that GP practices

and other health care professionals who give advice about

or refer people to lifestyle weight management pro-

grammes should be aware that there should be no upper

BMI or upper age limit for funded referrals. However, a

number of studies have reported a higher mortality risk

associated with weight loss, compared to maintaining a

stable weight, particularly in middle-aged and older adults

[9–18], although some of these studies did find that gaining

weight was also associated with an increased mortality risk

[10, 13]. It has been proposed that the observed effects of a

higher mortality risk with weight loss may be a balance

between the consequences of the loss of potentially

harmful abdominal and ectopic fat mass and the loss of

potentially beneficial peripheral subcutaneous fat mass and

lean body mass [19].

The main objective of this article was to investigate long

term mortality from all causes, as well as specifically from

cardiovascular disease, cancer and respiratory causes, in

relation to measured weight change over an average period

of 3.7 years, in 12,580 community-dwelling men and

women.

Methods

EPIC-Norfolk study design

The Norfolk cohort of the European Prospective Investi-

gation into Cancer and Nutrition (EPIC-Norfolk) is part of

the Europe-wide EPIC study, which involves over half a

million people in ten countries [20] and was initially

planned as a diet and cancer cohort. However, the study in

Norfolk broadened its scope from the outset, to investigate

the causes of disability and death in middle and later life

and to include other lifestyle exposures such as physical

activity and psychosocial factors [21]. Participants, aged

between 39 and 79 years, were recruited from General

Practitioners’ surgeries, based in rural areas of Norfolk and

market towns as well as the city of Norwich, from 1993 to

1997. Since virtually all the population of the UK are

registered with a general practice through the National

Health Service, general practice age sex registers act as a

population sampling frame. This cohort at baseline was

comparable to the UK national population with regard to

many characteristics, including age, sex and anthropometry

measurements but it had a lower proportion of current

smokers [22].

The study was approved by the Norfolk District Health

Authority Ethics Committee and all participants gave

written, informed consent.

Main exposure: weight change

Of the 30,445 men and women, aged 39–79 years, who

consented to participate in the study (39% response rate),

25,639 attended a baseline health examination (1HE)

between 1993 and 1997 and 15,786 attended a second

health examination (2HE) between 1998 and 2000.

At both health examinations, a trained nurse measured

weight (to the nearest 0.1 kg) and height (to the nearest

0.1 cm), with participants wearing light clothing and no

shoes. Body mass index (BMI) was calculated as weight

divided by the square of height (kg/m2).

Absolute weight change was calculated as weight (kg)

measured at 2HE minus weight (kg) measured at 1HE.

Participants were assigned to one of 6 weight change cat-

egories:[ 5 kg loss,[ 2.5–5 kg loss, within 2.5 kg loss or

gain (‘maintenance’, considered the reference cate-

gory),[ 2.5–5 kg gain,[ 5–10 kg gain,[ 10 kg gain.

Annual weight and BMI changes were calculated from

the absolute differences in weight and BMI respectively,

divided by the participants’ time lapse between the health

examinations (kg/year and kg/m2/year respectively).

Participant selection

Participants were eligible for inclusion if they had weight

and height measurements at both time-points. Participants

were excluded from analyses if they had a BMI\ 18.5 or

who self-reported cancer or cardio-vascular disease (CVD),

as were those with missing data on adjustment variables

(smoking, social class, educational level and physical

activity), in an attempt to address reverse causality. This

left 12,580 participants for analyses, out of a maximum of

15,000 for whom we had a weight measurement at both

1HE and 2HE, in order to be able to calculate weight

change (Fig. 1).
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Adjustment variables

Data collected via two self-administered Health and Life-

style Questionnaires (HLQ1 and HLQ2), before the 1HE

and 2HE respectively, were used to establish classification

of a number of variables. Smoking status (derived from

HLQ1 and HLQ2) (never, former, current) was derived

from yes and no responses to the following questions

‘‘Have you ever smoked as much as one cigarette a day for

as long as a year?’’ and ‘‘Do you smoke cigarettes now?’’.

Self-reported physical activity (derived from HLQ1) was

assessed using both occupational and leisure activity and

individuals were assigned to one of four categories: inac-

tive, moderately inactive, moderately active and active

[23, 24]. Occupational social class at 1HE was defined

according to the Registrar General’s classification. Non-

manual occupations were represented by codes I, (profes-

sional) II, (managerial and technical), IIIa (non-manual

skilled) occupations while manual occupations were rep-

resented by codes IIIb (manual skilled), IV (partly skilled)

and V (unskilled) occupations [25]. Educational level at

1HE was based on the highest qualification attained and

was categorised into four groups: degree or equivalent, A

level or equivalent, O level or equivalent and less than O

Invitations sent to possible participants 
N=77630 

N=15786 

N=12580 

Attendance 

Died  
(N=2603) 

Alive  
(N=9977) 

Follow-up 
2015 

N=25639 

N=30445 N=19560 

1HE 
1993 - 1997 

2HE 
1998 - 2000 

Analyses 
1997 - 2000 

Consents received 

Exclusions: 

• Missing height & weight 
• BMI < 18.5 kg/m2

• Self-reported cancer 
• Self-reported CVD 
• Missing data on smoking 
• Missing data on social class 
• Missing data on educational level 
• Missing data on physical activity 

N 

57 
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1122 
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18 
1 

N 

28 
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0 

Fig. 1 Study population and sample size eligible for mortality analyses
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level or no qualifications. These four categories correspond

to the International Standard Classification of Education

(ISCED) 1997 [26] of bachelor/master/doctoral or equiv-

alent (ISCED 5A-6), post-secondary non-tertiary education

or short-cycle tertiary education (ISCED 3A-5B), upper

secondary education (ISCED 3C-3B) and pre-primary,

primary and lower secondary (ISCED 0–2) respectively. In

this paper, those with an educational level of O level and

above were combined into one category. Participants were

asked about their medical histories with the question ‘‘Has

the doctor ever told you that you have any of the follow-

ing?’’ followed by a list of conditions that included heart

attack, stroke, cancer, asthma and bronchitis (derived from

HLQ1 and HLQ2).

HLQ2 data was used to classify participants regarding

recent weight loss, with the question ‘‘If you have lost more

than 5 kgs (10 lbs) in the last five years, how did this

weight loss occur?’’ Options available included diet,

exercise and illness.

Endpoints

All participants were flagged for death certification up until

the end of March 2015, at the Office of National Statistics,

United Kingdom. Death certificates were coded by nosol-

ogists according to the International Classification of Dis-

eases (ICD). An underlying cause of death was defined by

using ICD codes as follows: cancer death (ICD9, 140-208

or ICD10 C00-C97), cardiovascular death (ICD9 400-438

or ICD10 I10-I79), or respiratory disease (ICD9 460-519 or

ICD10 J00-J99). Deaths that were not attributable to the

three aforementioned causes were classified as deaths from

other causes and included deaths from dementia, Parkin-

son’s disease, bladder and renal diseases.

Statistical analyses

All adjustment variables were those measured at the first

health examination in 1993–1997. The follow-up time was

the underlying time variable; median (IQR) follow-up time

was 15.4 (14.8, 16.2) years and began at the 2HE. The

censor date was the date of death or end of the adminis-

trative follow-up (31st March 2015). Characteristics of the

study population were summarised by weight change cat-

egory, using means and SDs for continuous variables and

frequencies and percentages for categorical variables. To

ascertain whether variables should be included as predic-

tors (with total mortality as the outcome), we performed

the log-rank test of equality across strata for all the cate-

gorical variables and Cox’s univariate proportional hazards

regression for all the continuous variables. The predictors

used in the final model were all variables for which the

P value was\ 0.20 in the univariate analyses and for

which we also observed an association between the pos-

sible confounder and weight change categories. The Cox

proportional hazards model was used to determine Hazard

Ratios (HR) of all-cause and cause-specific mortality by

weight change category for men and women separately,

using a series of cumulative adjustment models: age

(continuous variable), (model 1); including smoking (cat-

egorical variable), (model 2); including BMI (continuous

variable), physical activity (4 categories), social class

(manual vs. non-manual) and educational level (no quali-

fications vs. O level and above) (model 3). The interaction

between sex and continuous BMI was not found to be

significant (P = 0.7606). We tested for the proportional

hazards assumption by including time interaction variables

in the Cox regression models. Age was found to violate our

test of the proportional hazards assumption (P\ 0.0001).

However, when we included the time interaction for age,

only minimal changes to the hazard ratios of our main

exposure (weight change) were observed. The category of

greatest weight loss was also found to violate our test of the

proportional hazards assumption (P\ 0.01) and will be

discussed later in the manuscript. In sensitivity analyses,

we also examined HRs by weight change category, strati-

fied by age and sex, in those who said they had lost weight

as a result of dieting and after the exclusion of individuals

who died within 3 or 5 years after the second health

examination or those who said they had lost weight

because of illness, as well as after excluding participants

who self-reported asthma or bronchitis at either time-point.

The data were analysed using Stata 12 (STATA Corp.,

Texas, USA).

Results

Cohort description

After exclusion, there were 12,580 men and women for

analyses (80% of those who had attended 2HE), aged

42–82 years at the 2HE. The mean weight change over the

average 4 years between 1HE and 2HE was a gain of

1.29 kg (SD 3.62) in men and 1.39 kg (SD 4.13) in women.

Men were in general slightly older than women with a

mean age of 62.1 and 61.0 years at 2HE respectively. Men

also had a higher mean BMI than women at both health

examinations, with 55.4% classified as overweight and

14.5% as obese at 2HE; in women these percentages were

40.4 and 18.4%.

Minimal differences were observed in the baseline

characteristics of those who attended both 1HE and 2HE,

before and after exclusions were applied (Supplementary

Table 1). However, the prevalence of self-reported CVD,

cancer, asthma and bronchitis was lower in those who also
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Table 1 Characteristics of 5479 men and 7101 women by measured weight change category from 1HE (1993–1997) to 2HE (1998–2000)

Weight change categories

Loss

[ 5 kg

Loss[ 2.5

and B 5 kg

Loss or

gain B 2.5 kg

Gain[ 2.5

and B 5 kg

Gain[ 5

and B 10 kg

Gain

[ 10 kg

MEN, N (row%) 215 (3.9) 423 (7.7) 2983 (54.4) 1206 (22.0) 577 (10.5) 75 (1.4)

Weight (1HE), kg 86.5 (10.7) 81.7 (11.3) 79.1 (10.3) 79.8 (10.5) 82.8 (12.3) 86.3 (13.9)

Weight (2HE), kg 79.0 (10.4) 78.1 (11.2) 79.4 (10.3) 83.4 (10.6) 89.4 (12.4) 99.1 (14.3)

Annual weight change, kg/year - 2.1 (0.8) - 1.0 (0.3) 0.1 (0.4) 1.0 (0.3) 1.9 (0.5) 3.5 (1.1)

Age (1HE), years 60.5 (9.2) 60.8 (9.0) 59.6 (8.9) 57.6 (8.8) 56.8 (8.4) 55.9 (8.7)

Age (2HE), years 63.7 (9.2) 64.2 (9.1) 62.7 (9.0) 60.8 (8.9) 60.1 (8.5) 59.2 (8.7)

BMI (1HE), kg/m2 28.1 (3.2) 27.0 (3.2) 26.1 (2.9) 26.1 (3.0) 26.8 (3.5) 28.1 (4.6)

BMI (2HE), kg/m2 25.8 (3.1) 25.9 (3.2) 26.3 (3.0) 27.3 (3.0) 29.0 (3.6) 32.1 (4.6)

Annual BMI change, kg/m2/year - 0.6 (0.3) - 0.3 (0.1) 0.1 (0.1) 0.4 (0.1) 0.6 (0.2) 1.1 (0.6)

Smoking status (1HE)

Current (509, 9.3%) 27 (12.6) 45 (10.6) 228 (7.6) 119 (9.9) 79 (13.7) 11 (14.7)

Former (2902, 53.0%) 106 (49.3) 229 (54.1) 1608 (53.9) 611 (50.7) 307 (53.2) 41 (54.7)

Never (2068, 37.7%) 82 (38.1) 149 (35.2) 1147 (38.4) 476 (39.5) 191 (33.1) 23 (30.7)

Smoking status (2HE)

Current (440, 8.0%) 28 (13.0) 47 (11.1) 225 (7.5) 93 (7.7) 41 (7.1) 6 (8.0)

Former (2974, 54.3%) 105 (48.8) 227 (53.7) 1613 (54.1) 637 (52.8) 346 (60.0) 46 (61.3)

Never (2065, 37.7%) 82 (38.1) 149 (35.2) 1145 (38.4) 476 (39.5) 190 (32.9) 23 (30.7)

Physical activity (1HE)

Inactive (1446, 26.4%) 86 (40.0) 128 (30.3) 770 (25.8) 288 (23.9) 154 (26.7) 20 (26.7)

Moderately inactive (1356, 24.8%) 51 (23.7) 105 (24.8) 751 (25.2) 315 (26.1) 120 (20.8) 14 (18.7)

Moderately active (1381, 25.2%) 43 (20.0) 95 (22.5) 746 (25.0) 300 (24.9) 174 (30.2) 23 (30.7)

Active (1296, 23.6%) 35 (16.3) 95 (22.5) 716 (24.0) 303 (25.1) 129 (22.4) 18 (24.0)

Social class (1HE)

Non-manual (3401, 62.1%) 139 (64.6) 247 (58.4) 1862 (62.4) 766 (63.5) 345 (59.8) 42 (56.0)

Manual (2078, 37.9%) 76 (35.4) 176 (41.6) 1121 (37.6) 440 (36.5) 232 (40.2) 33 (44.0)

Educational level (1HE)

No qualifications (1447, 26.4%) 60 (27.9) 127 (30.0) 772 (25.9) 302 (25.0) 166 (28.8) 20 (26.7)

O level and above (4032, 73.6%) 155 (72.1) 296 (70.0) 2211 (74.1) 904 (75.0) 411 (71.2) 55 (73.3)

Lost weight in last 5 years (2HE)

Diet (267, 4.9%) 54 (20.1) 40 (15.3) 102 (38.1) 33 (12.3) 28 (10.4) 10 (3.7)

Illness (130, 2.4%) 22 (16.9) 23 (17.7) 54 (41.5) 19 (14.6) 8 (6.2) 4 (3.1)

WOMEN, N (row %) 362 (5.1) 517 (7.3) 3690 (52.0) 1540 (21.7) 841 (11.8) 151 (2.1)

Weight (1HE), kg 77.2 (13.3) 69.3 (11.0) 65.8 (10.4) 66.8 (10.4) 70.0 (11.2) 74.1 (12.4)

Weight (2HE), kg 69.0 (12.4) 65.7 (11.1) 66.2 (10.4) 70.4 (10.4) 76.7 (11.4) 87.6 (13.1)

Annual weight change, kg - 2.4 (1.3) - 1.0 (0.3) 0.1 (0.4) 1.0 (0.3) 1.9 (0.6) 3.7 (1.5)

Age (1HE), years 58.4 (9.1) 59.5 (9.1) 58.4 (8.9) 57.0 (8.7) 55.8 (8.1) 54.8 (7.1)

Age (2HE), years 61.5 (9.3) 62.6 (9.2) 61.6 (9.0) 60.1 (8.9) 59.1 (8.2) 58.2 (7.3)

BMI (1HE), kg/m2 29.3 (4.9) 26.6 (3.9) 25.3 (3.8) 25.6 (3.8) 26.7 (4.1) 27.9 (4.4)

BMI (2HE), kg/m2 26.4 (4.6) 25.4 (3.9) 25.6 (3.9) 27.1 (3.8) 29.4 (4.2) 33.2 (4.9)

Annual BMI change, kg/m2/year - 0.8 (0.5) - 0.3 (0.1) 0.1 (0.2) 0.4 (0.1) 0.7 (0.2) 1.4 (0.6)

Smoking status (1HE)

Current (641, 9.0%) 35 (9.7) 53 (10.2) 296 (8.0) 142 (9.2) 96 (11.4) 19 (12.6)

Former (2239, 31.5%) 132 (36.5) 166 (32.1) 1129 (30.6) 478 (31.0) 282 (33.5) 52 (34.4)

Never (4221, 59.4%) 195 (53.9) 298 (57.6) 2265 (61.4) 920 (59.7) 463 (55.0) 80 (53.0)

Smoking status (2HE)

Current (569, 8.0%) 32 (8.8) 56 (10.8) 280 (7.6) 117 (7.6) 74 (8.8) 10 (6.6)
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attended 2HE. Additionally, the percentage of deaths that

occurred was lower in both men and women, after exclu-

sion criteria were applied, and the percentage of partici-

pants who maintained their weight was slightly higher,

which may be indicative of healthy volunteer bias. Nev-

ertheless, the cohort still represents a diverse population

with a wide socio-economic distribution and range of

lifestyle factors, including physical activity, smoking status

and weight.

Table 1 displays descriptive characteristics of men and

women, by weight change category. Weight maintenance,

which corresponded to a mean annual weight increase of

0.10 kg/year (SD 0.39) in men and 0.11 kg/year (SD 0.40),

was observed in 54% of men and 52% of women. Partic-

ipants with the highest weight gain or loss compared to

weight maintenance were those with the highest weight and

BMI at 1HE. Current smokers at 2HE were more likely to

have lost weight whereas former smokers were more likely

to have gained weight. Those who lost weight were more

likely to be physically inactive; physically active partici-

pants were least likely to have lost weight. Manual workers

were more likely to have gained more than 10 kg whereas

non-manual workers were more likely to have lost more

than 5 kg, compared to maintaining their weight. Women

with no qualifications were more likely to have gained

more than 10 kg, compared to weight maintenance A

higher proportion of women than men said that they had

lost weight as a result of dieting (10.9 vs. 4.9% respec-

tively). However, approximately 38% of these participants

who said that they had dieted were within 2.5 kg of their

baseline weight, while 35% of men and 32% of women had

lost more than 2.5 kg and 27% of men and 30% of women

had gained more than 2.5 kg from the baseline assessment.

Similar percentages of men and women stated that illness

was the cause of their weight loss (2.4 vs. 2.5%

respectively).

Main analyses: all-cause and cause-specific
mortality

Over a median follow-up period of 15 years, 1421 deaths

in men were recorded (401 deaths from CVD, 539 cancer-

related deaths, 135 deaths from respiratory diseases and

346 deaths from other causes).

Total and cause-specific mortality HRs by weight

change category for men are shown in Table 2. Men who

lost weight had a statistically significant higher hazard of

all-cause mortality than those who maintained their weight

(HR 1.83 (CI 1.47–2.29) in those who lost more than 10 kg

and 1.29 (CI 1.09–1.54) in those who lost between 2.5 and

5 kg); those who gained more than 10 kg also had a higher

hazard but this was not significant. The findings for CVD

mortality in men were stronger than for all-cause mortality.

In model 3, adjusting for age, smoking, BMI, physical

Table 1 (continued)

Weight change categories

Loss

[ 5 kg

Loss[ 2.5

and B 5 kg

Loss or

gain B 2.5 kg

Gain[ 2.5

and B 5 kg

Gain[ 5

and B 10 kg

Gain

[ 10 kg

Former (2317, 32.6%) 135 (37.3) 163 (31.5) 1150 (31.2) 504 (32.7) 304 (36.2) 61 (40.4)

Never (4215, 59.4%) 195 (53.9) 298 (57.6) 2260 (61.2) 919 (59.7) 463 (55.0) 80 (53.0)

Physical activity (1HE)

Inactive (1761, 24.8%) 115 (31.8) 145 (28.0) 906 (24.6) 354 (23.0) 201 (23.9) 40 (26.5)

Moderately inactive (2360, 33.2%) 119 (32.9) 168 (32.5) 1228 (33.3) 518 (33.6) 275 (32.7) 52 (34.4)

Moderately active (1722, 24.2%) 82 (22.6) 117 (22.6) 896 (24.3) 392 (25.4) 202 (24.0) 33 (21.8)

Active (1258, 17.7%) 46 (12.7) 87 (16.8) 660 (17.9) 276 (17.9) 163 (19.4) 26 (17.2)

Social class (1HE)

Non-manual (4502, 63.4%) 222 (61.3) 339 (65.6) 2395 (64.9) 933 (60.6) 532 (63.3) 81 (53.6)

Manual (2599, 36.6%) 140 (38.7) 178 (34.4) 1295 (35.1) 607 (39.4) 309 (36.7) 70 (46.4)

Educational level (1HE)

No qualifications (2598, 36.6%) 142 (39.2) 183 (35.4) 1356 (36.8) 554 (36.0) 296 (35.2) 67 (44.4)

O level and above (4503, 63.4%) 220 (60.8) 334 (64.6) 2334 (63.2) 986 (64.0) 545 (64.8) 84 (55.6)

Lost weight in last 5 years (2HE)

Diet (777, 10.9%) 129 (16.6) 118 (15.5) 296 (37.9) 115 (14.8) 83 (10.5) 36 (4.6)

Illness (175, 2.5%) 31 (18.2) 23 (12.7) 67 (38.7) 30 (17.1) 17 (9.4) 7 (3.9)

Continuous variables are Mean (SD) and categorical variables are n (%)

1HE 1st health examination, 2HE 2nd health examination, BMI body mass index
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activity, social class and educational level, men who had a

weight loss greater than 5 kg had more than double the

hazard of CVD mortality, compared to those who main-

tained their weight [HR 2.09 (CI 1.41–3.09)]. Borderline

significant findings for cancer mortality in men were found

in those who lost the greatest amount of weight [HR 1.45

(CI 0.98–2.15)] whereas those who gained between 5 and

10 kg had a significantly lower hazard of 0.70 (CI

0.49–0.99). Gaining or losing more than 5 kg was signifi-

cantly associated with a higher hazard of death from res-

piratory causes. In model 3, men who lost more than 5 kg

had a HR of dying from respiratory causes of 4.50 (CI

2.51–8.08) whereas those who gained more than 10 kg had

a HR of 3.97 (CI 1.43–11.01). After the exclusion of

participants who self-reported having asthma or bronchitis

at either time-point, the HR in men who lost more than

5 kg minimally attenuated to 4.08 (CI 2.00–8.33); in those

who gained more than 10 kg, the HR was 2.71

(0.65–11.24) (data not shown). No significant findings were

found with regard to weight change and dying from other

causes in men. In general, the addition of BMI, physical

activity, social class and educational level to the models

had minimal effects on the HRs. Adjusting for categories of

BMI, rather than as a continuous variable minimally

changed the weight change-mortality associations.

In women, 1182 deaths were recorded over a median

follow-up period of 15 years, (348 deaths from CVD, 442

cancer-related deaths, 91 deaths from respiratory causes

Table 2 Total and cause-specific mortality in 5479 men by weight change category

Weight change categories

Loss

[ 5 kg

Loss[ 2.5

and B 5 kg

Loss or gain

B 2.5 kg

Gain[ 2.5

and B 5 kg

Gain[ 5

and B 10 kg

Gain

[ 10 kg

Men, N 215 423 2983 1206 577 75

All cause mortality

Number of events (%) 91 (41.9) 154 (36.2) 801 (26.5) 259 (21.1) 128 (21.9) 20 (26.3)

Model 1 *** 1.96 (1.57–2.44) ** 1.36 (1.14–1.62) Ref 0.96 (0.83–1.11) 1.09 (0.90–1.32) * 1.66 (1.06–2.59)

Model 2 *** 1.93 (1.55–2.40) ** 1.31 (1.10–1.56) Ref 0.94 (0.81–1.08) 1.02 (0.84–1.23) 1.49 (0.95–2.32)

Model 3 *** 1.83 (1.46–2.29) ** 1.29 (1.09–1.54) Ref 0.94 (0.81–1.08) 1.01 (0.84–1.23) 1.49 (0.95–2.33)

CVD mortality

Number of events (%) 31 (14.3) 47 (11.0) 218 (7.2) 77 (6.3) 34 (5.8) 7 (9.2)

Model 1 *** 2.46 (1.68–3.61) * 1.52 (1.10–2.09) Ref 1.07 (0.82–1.39) 1.14 (0.80–1.65) * 2.26 (1.06–4.80)

Model 2 *** 2.44 (1.66–3.58) * 1.47 (1.07–2.02) Ref 1.04 (0.80–1.36) 1.07 (0.74–1.54) 2.02 (0.95–4.31)

Model 3 *** 2.09 (1.41–3.09) * 1.41 (1.02–1.94) Ref 1.06 (0.81–1.38) 1.05 (0.73–1.51) 1.90 (0.89–4.07)

Cancer mortality

Number of events (%) 28 (12.9) 53 (12.4) 310 (10.2) 112 (9.1) 39 (6.7) 8 (10.5)

Model 1 * 1.52 (1.03–2.24) 1.19 (0.88–1.60) Ref 1.02 (0.82–1.27) 0.75 (0.53–1.06) 1.53 (0.76–3.09)

Model 2 * 1.50 (1.02–2.21) 1.15 (0.86–1.54) Ref 1.00 (0.80–1.24) * 0.70 (0.50–0.99) 1.37 (0.68–2.76)

Model 3 1.45 (0.98–2.15) 1.14 (0.84–1.52) Ref 1.01 (0.80–1.25) * 0.70 (0.49–0.99) 1.34 (0.66–2.72)

Respiratory mortality

Number of events (%) 15 (6.9) 16 (3.8) 66 (2.2) 18 (1.5) 18 (3.1) 4 (5.3)

Model 1 *** 4.35 (2.48–7.64) * 1.74 (1.01–3.02) Ref 0.85 (0.50–1.46) ** 2.14 (1.26–3.61) ** 4.61 (1.68–12.68)

Model 2 *** 4.22 (2.40–7.43) 1.59 (0.92–2.75) Ref 0.80 (0.47–1.38) * 1.80 (1.06–3.05) * 3.56 (1.29–9.82)

Model 3 *** 4.50 (2.51–8.08) 1.62 (0.93–2.82) Ref 0.81 (0.47–1.38) ** 1.82 (1.08–3.10) ** 3.97 (1.43–11.01)

Other cause mortality

Number of events (%) 17 (7.8) 38 (8.9) 207 (6.8) 52 (4.2) 37 (6.3) 1 (1.3)

Model 1 1.42 (0.85–2.36) 1.33 (0.94–2.36) Ref 0.77 (0.57–1.05) 1.29 (0.90–1.83) 0.34 (0.05–2.44)

Model 2 1.40 (0.84–2.32) 1.30 (0.92–1.84) Ref 0.76 (0.56–1.04) 1.24 (0.87–1.77) 0.33 (0.04–2.34)

Model 3 1.41 (0.84–2.36) 1.30 (0.92–1.85) Ref 0.75 (0.55–1.02) 1.25 (0.88–1.78) 0.34 (0.05–2.39)

Associations were assessed using Cox proportional hazards regression with a median follow-up from 2HE of 15 years. Results are hazard ratios

and 95% confidence intervals, HR (95% CI)

Model 1: adjusted for age (continuous)

Model 2: Model 1 ? further adjusted for smoking (categorical)

Model 3: Model 2 ? further adjusted for BMI (continuous), physical activity (categorical), social class (categorical) and educational level

(categorical)

2HE 2nd health examination CVD cardiovascular disease, BMI body mass index

Significance of HRs: ***P\ 0.001; **P\ 0.01; *P\ 0.05
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and 301 deaths from other causes). Table 3 presents data

on total and cause-specific mortality HRs for women, by

weight change category. Women who lost more than 5 kg

had a significantly higher hazard of all-cause mortality of

1.68 (CI 1.34–2.10) compared to those who maintained

their weight, whilst those who lost between 2.5 and 5 kg

had a HR of 1.32 (CI 1.09–1.60). Losing weight and

gaining more than 5 kg was associated with a higher haz-

ard for CVD mortality, but these findings were not sig-

nificant, although a weight loss of more than 5 kg was

borderline significant [HR 1.54 (CI 1.00–2.37)]. Regarding

cause-specific mortality in women who lost more than

5 kg, only respiratory deaths and other causes of deaths

were significant in model 3. After the exclusion of partic-

ipants who self-reported having asthma or bronchitis at

either time-point, this HR in those who lost more than 5 kg

was no longer significant [HR 1.78, (CI 0.68–4.69)]. In

those who lost more than 5 kg, the hazard for deaths from

other causes was 2.17 (CI 1.44–3.27). In general, the

addition of BMI, physical activity, social class and edu-

cational level to the models had minimal effects on the

HRs. Adjusting for categories of BMI instead of using BMI

as a continuous variable minimally changed the observed

associations between weight change and mortality. See

Table 3 Total and cause-specific mortality in 7101 women by weight change category

Weight change categories

Loss

[ 5 kg

Loss[ 2.5

and B 5 kg

Loss or gain

B 2.5 kg

Gain[ 2.5

and B 5 kg

Gain[ 5

and B 10 kg

Gain

[ 10 kg

Women, N 362 517 3690 1540 841 151

All cause mortality

Number of events (%) 94 (25.4) 128 (24.3) 651 (17.3) 223 (14.2) 115 (13.5) 15 (9.8)

Model 1 *** 1.77 (1.42–2.20) ** 1.34 (1.11–1.63) Ref 0.94 (0.81–1.10) 1.14 (0.93–1.39) 1.06 (0.63–1.77)

Model 2 *** 1.72 (1.38–2.15) ** 1.32 (1.08–1.59) Ref 0.94 (0.80–1.09) 1.12 (0.91–1.37) 1.02 (0.61–1.70)

Model 3 *** 1.68 (1.34–2.10) ** 1.32 (1.09–1.60) Ref 0.93 (0.80–1.09) 1.11 (0.90–1.36) 0.98 (0.58–1.64)

CVD mortality

Number of events (%) 25 (6.8) 33 (6.3) 196 (5.2) 70 (4.5) 33 (3.9) 6 (3.9)

Model 1 * 1.56 (1.02–2.39) 1.09 (0.75–1.59) Ref 0.97 (0.73–1.28) 1.24 (0.86–1.80) 1.84 (0.81–4.17)

Model 2 * 1.55 (1.01–2.37) 1.08 (0.74–1.57) Ref 0.96 (0.72–1.28) 1.23 (0.85–1.79) 1.83 (0.81–4.16)

Model 3 1.54 (1.00–2.37) 1.10 (0.75–1.60) Ref 0.97 (0.73–1.29) 1.24 (0.85–1.80) 1.75 (0.77–4.00)

Cancer mortality

Number of events (%) 30 (8.1) 47 (8.9) 234 (6.2) 90 (5.7) 48 (5.6) 5 (3.3)

Model 1 * 1.53 (1.04–2.23) 1.38 (1.00–1.91) Ref 1.01 (0.79–1.29) 1.14 (0.83–1.56) 0.72 (0.30–1.76)

Model 2 * 1.48 (1.01–2.16) 1.35 (0.98–1.86) Ref 0.99 (0.78–1.27) 1.10 (0.81–1.51) 0.68 (0.28–1.66)

Model 3 1.36 (0.92–2.01) 1.33 (0.96–1.83) Ref 0.98 (0.76–1.25) 1.07 (0.78–1.47) 0.64 (0.26–1.55)

Respiratory mortality

Number of events (%) 11 (3.0) 12 (2.3) 50 (1.3) 13 (0.8) 8 (0.9) 1 (0.6)

Model 1 * 2.34 (1.15–4.77) 1.56 (0.83–2.94) Ref 0.74 (0.40–1.37) 1.04 (0.47–2.31) 1.26 (0.17–9.22)

Model 2 * 2.28 (1.18–4.65) 1.52 (0.81–2.85) Ref 0.74 (0.40–1.36) 1.02 (0.46–2.27) 1.22 (0.17–8.98)

Model 3 * 2.30 (1.11–4.74) 1.55 (0.82–2.91) Ref 0.75 (0.40–1.38) 1.04 (0.47–2.31) 1.25 (0.17–9.24)

Other cause mortality

Number of events (%) 28 (7.6) 36 (6.8) 171 (4.6) 50 (3.2) 26 (3.1) 3 (2.0)

Model 1 *** 2.21 (1.48–3.31) * 1.49 (1.04–2.14) Ref 0.87 (0.63–1.19) 1.06 (0.69–1.61) 0.98 (0.31–3.09)

Model 2 *** 2.17 (1.45–3.25) * 1.47 (1.02–2.11) Ref 0.86 (0.63–1.18) 1.04 (0.68–1.59) 0.95 (0.30–3.00)

Model 3 *** 2.17 (1.44–3.27) * 1.48 (1.03–2.12) Ref 0.86 (0.63–1.19) 1.04 (0.68–1.60) 0.95 (0.30–3.00)

Associations were assessed using Cox proportional hazards regression with a median follow-up from 2HE of 15 years. Results are hazard ratios

and 95% confidence intervals, HR (95% CI)

Model 1: adjusted for age (continuous)

Model 2: Model 1 ? further adjusted for smoking (categorical)

Model 3: Model 2 ? further adjusted for BMI (continuous), physical activity (categorical), social class (categorical) and educational level

(categorical)

2HE 2nd health examination CVD cardiovascular disease, BMI body mass index

Significance of HRs: ***P\ 0.001; **P\ 0.01; *P\ 0.05
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Supplementary Table 2 for the full coefficient tables of

model 3 for all-cause mortality in men and women.

Sensitivity analyses

HRs for all-cause mortality, adjusted for age, sex, BMI,

physical activity, smoking status, social class and educa-

tional level, and by stratified variables per weight change

category are shown in Table 4.

Similar higher total mortality HRs were found for both

men and women who lost weight. Compared to a

stable weight, women who gained more than 10 kg had a

HR of 0.98 (CI 0.58–1.64) whereas in men, the hazard was

higher [1.49 (CI 0.95–2.33)]. We observed similar associ-

ations among participants who were younger or older than

65 years of age, whether categorised using 1HE or 2HE

data in all weight change categories, with the exception of

the greatest weight gain category using 2HE data [the latter

probably due to the low number of events and/or partici-

pants in respective strata (11/173 and 24/53), which

resulted in wide confidence intervals]. Higher hazards were

observed in all BMI classifications at both 1HE and 2HE in

those who lost weight compared to weight maintenance. In

all four physical activity categories, HRs for total mortality

were all of a similar direction for weight loss.

HRs for all-cause mortality and weight loss were gen-

erally consistent in the three categories of smoking status.

However, there was no significant higher risk of mortality

in either current or never smokers who lost\ 5 kg. Data on

the number of cigarettes smoked was available for 1013 of

the 1150 current smokers at 1HE and additionally adjusting

for this did not modify the association among smokers. We

further examined the association of all-cause mortality with

weight change, taking into account changes in smoking

status (Supplementary Table 3). The greatest weight gain

was observed among those participants who reported to

have stopped smoking between 1HE and 2HE. Exclusion

of recent smokers from the current smokers at 2HE

strengthened the all-cause mortality HRs in the greatest

weight loss category (HR 1.41 CI 0.92–2.18) (data not

shown). Minimal changes were observed in the HRs of

former smokers, after the exclusion of those who had

recently stopped smoking.

We observed similar associations among participants

regarding social class and educational level, in all weight

change categories, with those who lost more than 5 kg

having significantly higher HRs for all-cause mortality.

Even after excluding participants who died within 3 or

5 years of the 2HE and those who said they had lost weight

because of illness, participants who lost weight had sig-

nificantly higher HRs for all-cause mortality than those

who maintained their weight. The observed higher HRs for

all-cause mortality in those who had lost weight remained

consistent after excluding participants who self-reported

having asthma and/or bronchitis at either time-point. We

then ran this analysis for respiratory mortality, rather than

all-cause mortality, and found that those who lost more

than 5 kg had a HR of 2.89 (CI 1.64–5.12), compared to

those who maintained their weight; those who lost between

2.5 and 5 kg had a HR of 1.40 (CI 0.84–2.36).

In Supplementary Table 4, we further examined models

2 and 3 for all-cause mortality in both men and women,

replacing smoking status at 1HE with smoking history, as

categorised in Supplementary Table 3, and observed min-

imal changes in the HRs.

Time-varying analysis

When we included a time-interaction variable with weight

change, the HR in those who lost more than 5 kg increased

from 1.7 to 3.25 (P = 0.001) and the HR for follow-up

time was 0.73, i.e., participants had a threefold hazard

compared to participants who maintained their weight

within a year from 2HE; however, this hazard decreased by

27% with every year of follow-up. This decrease in the

hazard during follow-up might be explained by misclassi-

fication over time of participants with regard to exposure. It

is also plausible that some participants lost weight because

they were (acutely) ill and therefore had a higher hazard of

dying at the start of follow-up.

Discussion

Summary of main findings

Findings from this population-based cohort study of 12,580

middle-aged and elderly men and women suggest that

weight loss, over the previous 4 years or so, is associated

with higher mortality over the next 15 years of follow-up.

This result was observed after excluding those who were

underweight or who self-reported cancer or CVD, at either

time-point. This association was also evident in subgroups

of the population, after stratification for age, smoking,

BMI, physical activity and the exclusion of individuals

who said they had lost weight due to illness and deaths

within the first 5 years of follow-up, as well as in dieters

who reported to have lost more than 5 kg. Results for

weight gain were inconclusive.

Strengths and limitations

The major strengths of our study include its prospective

design, its large population of free-living, middle-aged and

elderly men and women, long follow-up time and the

availability of information on a large number of factors
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associated with weight change. In addition, height and

weight were objectively measured rather than self-reported

and were available at both time-points. In an effort to

address reverse causality, we excluded participants with

self-reported cancer or CVD, in addition to those who had a

BMI\ 18.5 kg/m2, at either time-point. In our subgroup

analyses, we excluded deaths within the first 3 and 5 years,

in addition to those who said they had lost weight due to

illness.

The main limitations of our cohort study include self-

reported disease history, healthy volunteer bias and attri-

tion. It is likely that some individuals in our study had an

underlying disease condition that they did not report which

may have resulted in weight loss and subsequent death.

Whilst the more frail participants may not have returned for

the 2HE and/or tended to have been excluded and therefore

be under-represented in our analyses, it is plausible that

selective attrition of the frailest participants, may have led

to an under-estimation of our findings. However, it is also

possible that participants in the weight loss categories were

the more frail study participants, who were pre-frail at

2HE. The inability to take into account all changes in

behaviours, including physical activity during follow-up

time is also a limitation, which may have resulted in mis-

classification of individuals, with subsequent effects on

observed associations. Our findings relate solely to changes

in weight and not any other anthropometric measurements,

such as height, waist circumference, waist–hip ratio, fat

mass or muscle mass.

Comparison of cause-specific mortality
with other studies

Regarding CVD mortality, statistically significant associ-

ations, after multi-variate adjustment, were found in men

who lost weight, but not in women; statistical power was

more limited due to the lower number of CVD deaths in

women, although the HR in those who lost more than 5 kg

suggests a higher hazard compared to stable weight. A

prospective study in 5608 middle-aged men by Wan-

namethee et al. [12] found that sustained weight loss was

associated with significantly higher total and CVD mor-

tality, even after adjustment for lifestyle factors and pre-

existing diseases and ill-health. Results from the Mel-

bourne Collaborative Cohort Study [9] illustrate that

weight loss in men and women, compared to minimal

weight increase, was associated with a higher risk of all-

cause and CVD mortality. Adams et al. [27] also found that

weight loss was associated with a higher hazard ratio for

CVD mortality in those aged 50–69 years [HR 1.51 (CI

1.35–1.69)].

We observed higher hazards of cancer mortality in both

men and women who lost weight, although these did not

quite reach significance. The Melbourne Collaborative

Cohort Study [9] concluded that a change in body weight

was not associated with obesity-related cancer mortality

but the small number of cancer-related deaths in their study

may explain why no association was observed. However,

three prospective cohort studies found a positive associa-

tion between cancer mortality and weight loss [28–30],

although two of these studies were carried out in Japanese

men and women [29, 30] and may not be generalizable to

other populations as Japanese obesity rates differ substan-

tially from those of Western populations [31] as do their

cancer incidence and mortality rates and major cancer

types [32].

In men, there was a significantly higher hazard of dying

from respiratory causes in those who lost or gained more

than 5 kg, whereas a higher hazard was only found in

women who lost more than 5 kg. Attention must be drawn

to the low numbers of deaths due to respiratory causes,

particularly in men who gained more than 10 kg (n = 4).

After the exclusion of participants who self-reported hav-

ing asthma or bronchitis at either time-point, the HRs of

dying from respiratory causes in those who gained more

than 5 kg attenuated and were no longer significant. It is

well-known that underweight individuals have an increased

risk of dying from chronic respiratory disease [33–35]. To

address reverse causation, we excluded all underweight

participants (BMI\ 18.5) at both time-points, in addition

to deaths within the first 5 years. In our subgroup analyses,

we showed that weight loss was still associated with higher

hazards for all-cause mortality, even after excluding par-

ticipants with prevalent respiratory disease at either time-

point. However, it is possible that our exclusion period of

deaths within 5 years is too short [35]. The Prospective

Cohort Studies Collaboration of 900,000 adults found that

each 5-unit lowering in BMI from 25 to 15 kg/m2 was

associated with a 1.7-fold increase in respiratory mortality

[1].

Women who lost more than 2.5 kg had a higher risk of

dying from other causes. We cannot be certain that all

relevant confounders have been addressed nor that

unmeasured confounding is not an issue. It is plausible that

this may be explained by undiagnosed pre-existing diseases

not explained by the exclusion factors applied. Further

disaggregation of this miscellaneous category into more

specific disease types may help clarify these results.

Explanatory factors of all-cause mortality
compared to other studies

In our subgroup analyses, we found that both younger

[\ 65 years at 1HE (73.5% of study population)] and older

participants (C 65 years) who lost weight had similar

higher hazards for total mortality compared to weight

48 A. A. Mulligan et al.
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maintenance. These findings are in agreement with recent

studies that have found higher total mortality risks with

weight loss in middle-aged and elderly populations [9, 18].

We observed higher hazards in all BMI classifications at

both 1HE and 2HE in those who lost weight compared to

weight maintenance. In a stratified analysis, we observed

that being obese at 1HE was associated with a higher

hazard of death [1.16 (CI 1.03–1.30)] but not being over-

weight [0.94 (CI 0.86–1.02)] compared to normal weight

(data not shown). Our results are therefore not different

from the general assumption that being obese is associated

with higher mortality [36, 37]. However, weight loss is an

additional factor in this association and potentially an

effect modifier. In this population-based cohort study, it

seems that weight loss when obese is less hazardous than

when overweight or normal weight. Controversy has, until

recently, surrounded weight loss therapies in obese older

adults [38, 39]. However, evidence from randomised con-

trolled trials have reported positive outcomes on physical

function, muscle quality and inflammatory status [40, 41].

When studying weight change, smoking is seen as an

important source of confounding [42]. Previous studies

investigating weight loss and mortality have therefore

tended either to restrict analyses to never-smokers or have

adjusted for smoking status. The rationale for this is that

smokers tend to weigh less than non-smokers but have

considerably higher mortality rates [43]. Some controversy

surrounds the association between smoking and weight

change; in our study, current smokers at 1HE had a greater

mean increase in weight than either former or never

smokers (1.59, 1.35 and 1.29 kg respectively), which is in

agreement with recent studies [44, 45] but prospective

investigations performed on three separate large US

cohorts found that current non-obese smokers lost weight

over a 4-year period [46].

In our analyses, we included smoking status in our

multivariate-adjusted models but also stratified by smoking

status. In the stratified analysis, we observed higher hazards

for all-cause mortality with weight loss in never, former

and current smokers, although the HRs were only signifi-

cant in all three categories when weight loss was greater

than 5 kg, suggesting that weight loss greater than 5 kg in

this population, was positively associated with higher all-

cause mortality, irrespective of smoking status.

There is a wealth of information on weight change and

cessation of smoking [47, 48]. Whilst this study was not

designed to investigate weight change in relation to chan-

ges in smoking status, we found that when we did so, that

the greatest mean increase in weight was found in those

who had recently stopped smoking (mean = 3.4 kg,

SD = 4.8) and that long-term smokers had actually a

smaller weight increase than long-term former smokers and

never smokers (1.1, 1.4 and 1.3 kg respectively). Those

who had recently started smoking had the smallest mean

weight increase (0.2 kg). We have shown that our associ-

ation of higher all-cause mortality with weight loss was

strengthened in smokers (2HE) after the removal of recent

smokers and that the exclusion of those who had recently

stopped smoking only minimally affected the HRs in for-

mer smokers. We reran analyses for all-cause mortality,

replacing smoking status at 2HE with smoking history, as

classified in Supplementary Table 3 and observed minimal

changes to the HR (Supplementary Table 4).

Associations between all-cause mortality and weight

loss also remained when the data were investigated by

categories of physical activity, with those who were less

active tending to have slightly higher HRs than more active

participants. The inactive category who gained weight had

minimally higher mortality hazards but HRs were not

significant. However, a large, European, prospective cohort

study of 288,498 men and women, which included EPIC-

Norfolk participants, found that baseline self-reported

physical activity was not associated with a change in body

weight in men or women, after adjustment for confounders

and suggested that the association between lower physical

activity and a gain in body weight may be restricted to

younger and normal-weight individuals [49]. Only data on

self-reported physical activity at baseline are included in

this paper and any change in this behaviour during follow-

up, or indeed random or systematic measurement error,

may have led to misclassification and attenuated any

observed associations.

Weight loss may be classified as intentional or unin-

tentional. Participants may make conscious efforts to lose

weight, through changes in diet and/or exercise. A recent

meta-analysis of 15 randomised controlled trials in obese

older adults found that intentional weight loss may be

associated with approximately a 15% reduction in all-cause

mortality [50], whilst others, in agreement with our find-

ings, observed a higher mortality risk [51, 52]. Alterna-

tively, weight loss may be due to illness or the diagnosis of

a chronic disease. Recent data from the Longitudinal Aging

Study Amsterdam show that unintentional weight loss in

the past 6 months due to medical or unknown reasons or

due to a change in eating pattern (unintentional or inten-

tional) was associated with an increased 3-year mortality

risk among community-dwelling men and women,

aged C 55 years [53]; this finding relating to unintentional

weight loss is in agreement with previous studies [15, 54],

including data from this study. A study of 4331 older men

concluded that those who lost (- 5%) weight, total lean

mass, or total fat mass over a 4.6 years period had a higher

risk of mortality than those whose weight remained

stable [17].

We also explored the association of weight change and

all-cause mortality after excluding those who said that they
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had lost more than 5 kg (10 lbs) in the last 5 years, due to

illness and in a subgroup who said that they had lost weight

due to dieting. Once again, we found that the association of

a higher HR with weight loss was still evident. However,

numerous studies over the last 20–30 years have suggested

that adults who diet in order to lose weight are more likely

to gain weight in the future and even become obese

[55–57]. In this analysis, of those participants who said that

they had lost more than 5 kg due to dieting during the

5 years before the 2HE, 29% of them had actually gained

weight between health examinations. It is possible that

during this time period, they did lose weight but then

regained it, and possibly more, but we are unable to verify

this. Additionally, recent reviews have shown that normal-

weight individuals who diet to lose weight are more likely

to gain weight in the future than non-dieters [58, 59] and

that dieting in those of normal weight compared to those

who are overweight or obese may be a stronger predictor of

future weight gain [56]. Zheng et al. [60] found that of six

BMI trajectories, those who were in the overweight

stable trajectory had the lowest mortality risk whereas

those of normal weight who lost weight had the second

highest mortality risk in a study of 9538 adults aged

51–77 years from the US Health and Retirement Study.

Results from a prospective, population-based cohort study

of 1975 men and women, aged 70–79 years, found that,

over a 5 years period, weight cycling was associated with

higher mortality risk in women: HR 1.62 (CI 1.15–2.30)

and in men: HR 1.50 (CI 1.08–2.08) [18]. Weight cycling

was also found to be a risk factor for mortality in the

Cardiovascular Health Study [16], after adjustment for

demographic risk factors, height, self-reported health and

comorbidities: HR 1.66 (CI 1.38–2.00). We expressed the

mean absolute annual weight change for those who said

that they had lost weight due to dieting by BMI category at

1HE (Supplementary Table 5). Women who have a normal

weight at baseline (BMI C 20 and \ 25 kg/m2) had a

mean annual weight increase of 0.47 kg/year (SD 1.33);

men who said that they lost weight by dieting did have a

mean weight loss in each of the three BMI categories.

These data on dieting in normal-weight women in our

study provide further evidence of a subsequent gain in

weight, and highlight the importance of objective weight

measurements.

Public health considerations

Weight or BMI do not simply reflect fat mass but also bone

and lean body mass or muscle. Thus, weight loss may

indicate not just fat loss but also loss in lean body mass,

which may be particularly relevant in an ageing population,

as weight loss and weight cycling in older adults are con-

sidered problematic because recovery of muscle mass is

difficult [61–63]. Whereas, individuals who maintain body

weight in later life may be those who are more likely to

maintain bone mass and muscle compared to those who

lose weight [40, 64]. Lee et al. [17] found that older men

who lost (- 5%) weight, total lean mass, or total fat mass

over a 4.6 years period had a higher risk of mortality than

those who maintained their weight. Rapid weight loss and

decreased muscle mass and strength are commonly asso-

ciated with frailty, which is associated with mortality [65].

Some excess body weight in pre-frail and frail adults in

later life may be beneficial, as may interventions to

maintain or promote weight gain in frail older adults [66].

Weight management plans for obese, elderly individuals

should therefore be specifically tailored in an effort to

maintain or increase quality of life and physical function

[67, 68]. A recent systematic review and meta-analysis

found that weight-reducing diets for obese adults were

associated with a 18% relative reduction in all-cause

mortality but the authors also conclude that their findings

support public health measures to prevent weight gain [69].

Yang et al. found an inverse relationship between lung

cancer survival and weight loss at presentation and a

potentially protective effect of obesity [36], in the form of

greater physiological reserves, (excess fat and muscle),

which may also be beneficial in other diseases displaying

high catabolic states. The recent NICE guideline recom-

mends that staff are trained to deliver multicomponent

programmes that cover weight management, dietary habits,

safe physical activity and behaviour-change strategies and

that this should include the ability to adapt interventions to

individual needs [8]. Given the wealth of evidence on the

health consequences of obesity, efforts should perhaps be

focussed on young adults [70] regarding the importance of

lifestyle, including adequate nutrition and physical activity,

and of achieving and maintaining a healthy weight in

earlier adulthood.

Conclusion

In summary, weight loss of more than 2.5 kg over an

interval of approximately 4 years is associated with a

higher mortality over 15 years of follow-up in this popu-

lation-based cohort study of 12,580 middle-aged and

elderly men and women. However, the potential presence

of undiagnosed pre-existing disease and the inability to

take weight cycling into account need to be remembered

when interpreting these results. Unravelling the causal

pathways underlying the observed association between

objectively measured weight loss and subsequent higher

mortality risk in this population-based study will require

more detailed studies, including that of changes in body

composition, such as muscle mass.

50 A. A. Mulligan et al.

123



Acknowledgements We gratefully thank all study participants, gen-

eral practitioners and the EPIC-Norfolk study team for their contri-

bution. This work was supported by the Cancer Research UK

Programme Grant (C864/A8257) and the Medical Research Council

Programme Grants (G401527, G800603, G500300). None of the

funding organisations had a role in the design or conduct of this

research.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of

interest.

Open Access This article is distributed under the terms of the Creative

Commons Attribution 4.0 International License (http://creative

commons.org/licenses/by/4.0/), which permits unrestricted use, dis-

tribution, and reproduction in any medium, provided you give

appropriate credit to the original author(s) and the source, provide a

link to the Creative Commons license, and indicate if changes were

made.

References

1. Prospective Studies Collaboration. Body-mass index and cause-

specific mortality in 900,000 adults: collaborative analyses of 57

prospective studies. Lancet. 2009;373:1083–96.

2. WCRF/American Institute for Cancer Research. Food, nutrition,

physical activity, and the prevention of cancer: a global perspec-

tive. Washington: American Institute for Cancer Research; 2007.

3. Global Burden of Metabolic Risk Factors for Chronic Diseases

Collaboration (BMI Mediated Effects), Lu Y, Hajifathalian K,

Ezzati M, Woodward M, Rimm EB, Danaei G. Metabolic

mediators of the effects of body-mass index, overweight, and

obesity on coronary heart disease and stroke: a pooled analysis of

97 prospective cohorts with 1.8 million participants. Lancet.

2014;383:970–83.

4. GBD 2015 Risk Factors Collaborators. Global, regional, and

national comparative risk assessment of 79 behavioural, environ-

mental and occupational, and metabolic risks or clusters of risks in

188 countries, 1990–2013: a systematic analysis for the Global

Burden of Disease Study 2013. Lancet. 2016;380:2224–60.

5. WHO. 10 facts on obesity [Internet]. 2014 [cited 15 Nov 2016].

p. 1–10. Available from: http://www.who.int/features/factfiles/

obesity/facts/en/index8.html.

6. Moody A. Adult anthropometric measures, overweight and obe-

sity [Internet]. Health Survey for England 2012 Health, Social

Care and Lifestyles. 2014. Available from: http://healthsurvey.

hscic.gov.uk/media/1021/chpt-10_adult-measures.pdf.

7. Lifestyles Statistics Team. Statistics on obesity, physical activity

and diet: England 2014 [Internet]. 2014 [cited 15 Nov 2016].

p. 1–102. Available from: http://content.digital.nhs.uk/catalogue/

PUB13648/Obes-phys-acti-diet-eng-2014-rep.pdf.

8. National Institute for Health and Care Excellence. Weight man-

agement: lifestyle services for overweight or obese adults [In-

ternet]. 2014 [cited 15 Nov 2016]. Available from: https://www.

nice.org.uk/guidance/ph53/chapter/3-Context.

9. Karahalios A, Simpson J, Baglietto L, MacInnis RJ, Hodge AM,

Giles GG, et al. Change in body size and mortality: results from

the Melbourne collaborative cohort study. PLoS ONE.

2014;9:e99672.

10. Bamia C, Halkjær J, Lagiou P, Trichopoulos D, Tjønneland A,

Berentzen TL, et al. Weight change in later life and risk of death

amongst the elderly: the European Prospective Investigation into

Cancer and Nutrition-Elderly Network on Ageing and Health

study. J Intern Med. 2010;268:133–44.

11. Newman AB, Yanez D, Harris T, Duxbury A, Enright PL, Fried

LP. Weight change in old age and its association with mortality.

J Am Geriatr Soc. 2001;49:1309–18.

12. Wannamethee SG, Shaper AG, Walker M. Weight change, weight

fluctuation, and mortality. Arch Intern Med. 2002;162:2575–80.

13. Somes GW, Kritchevsky SB, Shorr RI, Pahor M, Applegate WB.

Body mass index, weight change, and death in older adults: the

systolic hypertension in the elderly program. Am J Epidemiol.

2002;156:132–8.

14. Nguyen ND, Center JR, Eisman JA, Nguyen TV. Bone loss,

weight loss, and weight fluctuation predict mortality risk in

elderly men and women. J Bone Miner Res. 2007;22:1147–54.

15. Locher JL, Roth DL, Ritchie CS, Cox K, Sawyer P, Bodner EV,

et al. Body mass index, weight loss, and mortality in community-

dwelling older adults. J Gerontol A Biol Sci Med Sci.

2007;62:1389–92.

16. Arnold AM, Newman AB, Cushman M, Ding J, Kritchevsky S.

Body weight dynamics and their association with physical

function and mortality in older adults: the Cardiovascular Health

Study. J Gerontol A Biol Sci Med Sci. 2010;65:63–70.

17. Lee CG, Boyko EJ, Nielson CM, Stefanick ML, Bauer DC,

Hoffman AR, et al. Mortality risk in older men associated with

changes in weight, lean mass, and fat mass. J Am Geriatr Soc.

2011;59:233–40.

18. Murphy RA, Patel KV, Kritchevsky SB, Houston DK, Newman

AB, Koster A, et al. Weight change, body composition, and risk

of mobility disability and mortality in older adults: a population-

based cohort study. J Am Geriatr Soc. 2014;62:1476–83.

19. Berentzen T, Sørensen TIA. Effects of intended weight loss on

morbidity and mortality: possible explanations of controversial

results. Nutr Rev. 2006;64:502–7.

20. Riboli E. Nutrition and cancer: background and rationale of the

European Prospective Investigation into Cancer and Nutrition

(EPIC). Ann Oncol. 1992;3:783–91.

21. Day N, Oakes S, Luben R, Khaw KT, Bingham S, Welch A, et al.

EPIC-Norfolk: study design and characteristics of the cohort.

European Prospective Investigation of Cancer. Br J Cancer.

1999;80(Suppl 1):95–103.

22. Bennett N, Dodd T, Flatley J, Freeth SBK. Health survey for

England 1993. London: HMSO; 1995.

23. Wareham NJ, Jakes RW, Rennie KL, Schuit J, Mitchell J, Hen-

nings S, et al. Validity and repeatability of a simple index derived

from the short physical activity questionnaire used in the Euro-

pean Prospective Investigation into Cancer and Nutrition (EPIC)

study. Public Health Nutr. 2003;6:407–13.

24. Khaw K-T, Jakes R, Bingham S, Welch A, Luben R, Day N, et al.

Work and leisure time physical activity assessed using a simple,

pragmatic, validated questionnaire and incident cardiovascular

disease and all-cause mortality in men and women: the European

Prospective Investigation into Cancer in Norfolk prospective pop.

Int J Epidemiol [Internet]. 2006;35:1034–43. Available from:

https://www.scopus.com/inward/record.url?eid=2-s2.0-33749588

206&partnerID=40&md5=5fef3b04de9078807d2c6a2788be2f20.

25. Shohaimi S, Luben R, Wareham N, Day N, Bingham S, Welch A,

et al. Residential area deprivation predicts smoking habit inde-

pendently of individual educational level and occupational social

class. A cross sectional study in the Norfolk cohort of the

European Investigation into Cancer (EPIC-Norfolk). J Epidemiol

Community Health. 2003;57:270–6.

26. UNESCO. International Standard Classification of Education

ISCED 1997 [Internet]. 1997 [cited 10 Oct 2017]. Available

from: http://www.unesco.org/education/information/nfsunesco/

doc/isced_1997.htm.

Weight change and 15 years mortality: results from the European Prospective Investigation… 51

123

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.who.int/features/factfiles/obesity/facts/en/index8.html
http://www.who.int/features/factfiles/obesity/facts/en/index8.html
http://healthsurvey.hscic.gov.uk/media/1021/chpt-10_adult-measures.pdf
http://healthsurvey.hscic.gov.uk/media/1021/chpt-10_adult-measures.pdf
http://content.digital.nhs.uk/catalogue/PUB13648/Obes-phys-acti-diet-eng-2014-rep.pdf
http://content.digital.nhs.uk/catalogue/PUB13648/Obes-phys-acti-diet-eng-2014-rep.pdf
https://www.nice.org.uk/guidance/ph53/chapter/3-Context
https://www.nice.org.uk/guidance/ph53/chapter/3-Context
https://www.scopus.com/inward/record.url%3feid%3d2-s2.0-33749588206%26partnerID%3d40%26md5%3d5fef3b04de9078807d2c6a2788be2f20
https://www.scopus.com/inward/record.url%3feid%3d2-s2.0-33749588206%26partnerID%3d40%26md5%3d5fef3b04de9078807d2c6a2788be2f20
http://www.unesco.org/education/information/nfsunesco/doc/isced_1997.htm
http://www.unesco.org/education/information/nfsunesco/doc/isced_1997.htm


27. Adams KF, Leitzmann MF, Ballard-Barbash R, Albanes D,

Harris TB, Hollenbeck A, et al. Body mass and weight change in

adults in relation to mortality risk. Am J Epidemiol.

2014;179:135–44.

28. Williamson DF, Pamuk E, Thun M, Flanders D, Byers T, Heath

C. Prospective study of intentional weight loss and mortality in

never-smoking overweight US White women aged 40–64 years.

Am J Epidemiol [Internet]. 1995;141:1128–41. Available from:

http://aje.oxfordjournals.org/content/141/12/1128.abstract%5Cn

http://aje.oxfordjournals.org.ezp-prod1.hul.harvard.edu/content/

141/12/1128.full.pdf.

29. Saito I, Konishi M, Iso H, Inoue M, Tsugane S. Impact of weight

change on specific-cause mortality among middle-aged Japanese

individuals. J Epidemiol Community Health [Internet].

2009;63:447–54. Available from: http://www.ncbi.nlm.nih.gov/

pubmed/19221112.

30. Nanri A, Mizoue T, Takahashi Y, Noda M, Inoue M, Tsugane S.

Weight change and all-cause, cancer and cardiovascular disease

mortality in Japanese men and women: the Japan Public Health

Center-Based Prospective Study. Int J Obes [Internet]. Nature

Publishing Group; 2010;34:348–56. Available from: http://www.

nature.com/doifinder/10.1038/ijo.2009.234.

31. OECD. Obesity update 2017 [Internet]. 2017. Available from:

www.oecd.org/health/obesity-update.htm.

32. Ferlay J, Soerjomataram I, Ervik M, Dikshit R, Eser S, Mathers

C, Rebelo M, Parkin DM, Forman D, Bray F. GLOBOCAN 2012

v1.0, cancer incidence and mortality worldwide: IARC Cancer-

Base No. 11. [Internet]. Lyon, France; 2013. Available from:

http://globocan.iarc.fr.

33. Cao C, Wang R, Wang J, Bunjhoo H, Xu Y, Xiong W. Body mass

index and mortality in chronic obstructive pulmonary disease: a

meta-analysis. PLoS ONE. 2012;7:e43892.

34. Behrens G, Matthews CE, Moore SC, Hollenbeck AR, Leitzmann

MF.Body size and physical activity in relation to incidence of chronic

obstructive pulmonary disease. CMAJ. 2014;186:E457–69.
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