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Abstract: Objectives: To study the importance of weight change with regard to mortality in older people.
Design: Prospective cohort study. Participants: The cohort includes participants in the Hordaland Health
Study, Norway, 1997-99 (N=2935, age 71-74 years) who had previously participated in a survey in 1992-93.
Measurements: Participants with weight measured at both surveys were followed for mortality through 2012.
Cox proportional hazards models were used to calculate risk of death according to changes in weight. Hazard
ratios (HR) with 95% confidence intervals (Cls) for people with stable weight (£<5% weight change) were
compared to people who lost (=5%) or gained (=5%) weight. Cox regression with penalized spline was used
to evaluate the association between weight change (in kg) and mortality. Analyses were adjusted for age, sex,
physical activity, smoking, diabetes, hypertension, and previous myocardial infarction or stroke. Participants
with cancer were excluded. Results: Compared to those with stable weight, participants who lost =5% weight
had an increased mortality risk (HR 1.59 [95% CI: 1.35-1.89]) while the group with weight gain =5% did not
(HR 1.07 [95% CI 0.90-1.28]). Penalized spline identified those who lost more than about three kg or gained
more than about 12 kg as having increased risk of death. Conclusion: Even a minor weight loss of =5% or >3 kg
were significantly associated with increased risk of mortality. Thus, weight should be routinely measured in older

adults.
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Abbreviations: BMI: Body mass index; HUSK: The Hordaland Health Study; CI: Confidence intervals; HR:
Hazard ratios; RR: Relative risk; OR: Odds ratio; FFM: Fat free mass; FM: Fat mass.

Introduction

It has been estimated that by 2015 worldwide, approximately
2.1 billion adults will be overweight and that at least 700
million will be obese (1, 2). While obesity due to weight
gain is a risk factor for non-communicable diseases that are
responsible for most deaths in developed countries, the risk
associated with degree of weight change in the elderly is
unclear. Even in those who are obese, weight loss includes
loss of muscle mass, which may explain the relationship of
weight loss to disability (3) and mortality (4, 5). The increased
risk of mortality associated with weight loss in older adults
appears to be similar across studies in spite of variations in
methods (6-12). With regard to mortality risk, it appears that
weight stability may be the best option for most elderly (5-8,
10-12). High body mass index (BMI, kg/m?2) and weight gain
have been associated with hypertension, diabetes mellitus (13)
and disability (3). However, there are only a limited number
of studies that report an association between weight gain and
increased mortality in older people (6, 8-10). Cheng et al
recently published a meta-analysis on weight change and all-
cause mortality in older adults. They concluded that the effect

of weight gain deserves further exploration and that future
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studies should consider subgroup analysis (e.g., by baseline
BMI category). Moreover, they point out that recognizing the
characteristics that discern survivors from non-survivors should
be helpful to guide clinicians and public health practitioners
in detecting at-risk individuals for early prevention (11). We
therefore aimed to investigate the effect of different degree
of weight change on risk of mortality in community-dwelling
older people, whose weight and height were measured in their
mid-sixties and again in their early seventies, with subsequent
14 years follow up with regard to mortality.

Materials and methods

The current study includes 2935 older people who had
weight and height measured in the Hordaland Homocysteine
Study, Western Norway, during 1992-93 (age 65-67 years),
and again in the Hordaland Health Study (HUSK) during
1997-99 (age 71-74 years) (14) (http://husk-en.b.uib.no). They
were subsequently followed with regard to mortality through
2012. Six participants emigrated after the second measurement
and were therefore not included in the analysis. Additionally,
369 participants diagnosed with cancer before or between
the surveys in 1992-93 and 1997-99 (information obtained
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by linkage to the Norwegian Cancer Registry) were excluded
from the present analysis, since cancer is highly associated
with weight loss and mortality (15). This resulted in a study
population of 1309 men and 1626 women. The mean time
between the surveys was five years (range: 5-6 years) and mean
follow-up after 1997-99 was 11.4 years (range: 0-14 years).

Measurements in 1992-93 and 1997-99 included height
and weight using standard procedures. Height was measured
without shoes to the nearest centimeter and weight was
measured wearing light clothes without shoes to the nearest
half-kilogram (kg) on a calibrated scale (16). Change in weight
between the first and second measurements was based on
weight at the first measurement and was categorized into loss
(=5%), stable (£<5%), and gain (=5%), in agreement with prior
studies (8, 17).

Self-administered questionnaires included information
on myocardial infarction, stroke and diabetes in 1992-93
and 1997-99, and being under treatment for hypertension,
physical activity and education in 1997-99. Physical activity
was categorized as none/light or moderate/rigorous. Smokers
were classified as never, former or current smokers, based on
information provided in 1992-93 and 1997-99.

Outcome

Total mortality was the primary outcome. The unique
11-digit personal identification number assigned to all
Norwegian residents facilitated linkage between HUSK and the
Norwegian Population Register, which contains information
on vital status (alive, emigrated, or dead). Participants were
followed until death or December 31st, 2012.

Statistical analyses

Frequency distributions for categorical variables and means
for continuous variables were calculated for 1) the different
weight change groups, and 2) for survivors and non-survivors
in the different weight change groups. Chi-square analyses
or t-tests were applied to determine whether 1) the weight
change groups differed significantly on any of the baseline
characteristics compared to the stable weight group, and 2)
whether the survivors and non-survivors in the different weight
change groups differed significantly on any of the baseline
characteristics (data from 1992-93 and 1997-99).

Kaplan-Meier cumulative hazard curves were used to
estimate hazard rates and Cox proportional hazards models
were used to calculate adjusted mortality hazard ratios with
95% confidence intervals (CI) associated with change in
weight. Interactions were examined by adding an interaction
term with each covariate one at a time. There were no
significant interactions and the interaction terms were not
included in the final model.

In Cox regression with penalized splines the functional
form of weight change is estimated by a smoothing spline, in
which the estimated smooth function can be used to plot the
relative hazard of total mortality against weight change in kg
(18). Participants with a weight change of more than 15 kg

were excluded (N=21), in order to reduce the likelihood of
including participants with weight change due to disease. The
only information we have on disease among the 21 participants
who were excluded are that among those who gained more than
15 kg (n=11), two had diabetes, and among those who lost more
than 15 kg (n=10), one had diabetes and two had a previous
myocardial infarction. Apart from self-reported diabetes,
myocardial infarction and stroke, we do not have information
concerning other possible diseases.

Kaplan-Meier cumulative hazard curves were calculated
using STATA, version 14 (StataCorp. 2015. Stata Statistical
Software: Release 14. College Station, TX:StataCorp LP),
Cox proportional hazard models were calculated using SPSS,
version 21 (IBM SPSS Statistics for Windows, Armonk,
NY:IBM), while the Cox regression with penalized spline
was generated using R, version 3.1.0 (The R Foundation for
Statistical Computing, Vienna, Austria).

Covariates that we had data on, and that was suspected
to be confounders of the association between weight change
and mortality were added one at a time to the unadjusted
and adjusted model to examine possible confounding of the
relationship between weight change and mortality. A variable
was included in the final model if it was found to influent the
HR of the association between weight change and mortality,
when we specified the models stepwise. Thus, variables
included in the multivariable model include age, sex, physical
activity, smoking, diabetes mellitus, myocardial infarction
and/or stroke, and being under treatment for hypertension.
BMI at the first survey and education were evaluated, but they
did not influence the estimates and overall model fit, and are
therefore not adjusted for. We decided to adjust for myocardial
infarction, stroke and diabetes since these diseases increase
the mortality risk. Multivariable analyses were performed for
the total population, both with weight change in categories
(%), and as a continuous variable (kg). Due to missing values
in covariates (1.6-13.7%), the multivariable analysis included
2330 participants whereas the age and sex adjusted model
included 2935 participants.

In order to eliminate early deaths that could be attributed to
clinical or subclinical disease, two sensitivity analyses were
performed after excluding persons who 1) died within two years
after baseline (n=69), and 2) persons who were diagnosed with
cancer within two years after baseline (n=136).

We also examined different measures of weight change in
addition to percent weight change, e.g. + 3 kg and +2 kg weight
change. In addition, = = 5% changes in BMI were examined.
Results were basically the same and results of these analyses
are not shown.

Ethics

Participation in HUSK was voluntary and each participant
signed a written informed consent. The Regional Committee for
Medical and Health Research Ethics (REK Vest) approved the
study.
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Table 1
Characteristics of the study population in The Hordaland Health Study (HUSK)*

Weight change
Variables Total Lost Stable Gained PP, (stable PP, (stable vs.
=5% +<5% =5% vs. lost) gained)
Total, N (%) 2935 460 (15.7) 1916 (65.3) 559 (19.0)
Sex, N (%) <0.001 <0.001
Male 1309 (44.6) 171 (37.2) 940 (49.1) 198 (35.4)
Female 1626 (55.4) 289 (62.8) 976 (50.9) 361 (64.6)
Age, mean (SD)
1992/93 66.0 (0.82) 66.0 (0.83) 66.0 (0.81)  65.9(0.81) 0.086 0.104
1997/99 72.4(0.95) 72.6 (0.95) 724(094)  72.4(0.95) 0.009 0.132
Weight in kg, mean (SD)*
1992-93 727(122)  71.6(137)  733(120)  718(1L.7) 0014 0.010
1997-99 73.0(13.0) 65.1 (12.6) 734(122) 782 (12.8) <0.001 <0.001
BMI, mean (SD)°
1992-93 258 (3.6) 257 (42) 258 (34) 259 (3.6) 0.875 0.623
1997-99 262 (3.9) 23.7(3.9) 26.1 (3.5) 284 (4.0) <0.001 <0.001
Education, N (%)¢,
1997-99 0.239 0.029
Primary/lower secondary school 1179 (45.8) 194 (48.5) 744 (43.9) 241 (50.1)
Upper secondary school 946 (36.7) 140 (35.0) 636 (37.5) 170 (35.3)
Higher education 451 (17.5) 66 (16.5) 315 (18.6) 70 (14.6)
Smoking, N (%)¢,
1992-93/1997-99 <0.001 0.550
Never 1153 (409) 164 (37.0) 766 (41.7) 223 (41.4)
Former 1221 (43.3) 149 (33.6) 821 (44.6) 251 (46.6)
Current 447 (15.8) 130 (29.3) 252 (13.7) 65 (12.1)
Physical activity, N (%)¢,
1997-99 <0.001 <0.001
No/light physical activity 1470 (58.0) 251 (64.7) 918 (54.7) 301 (64.2)
Moderate/hard physical activity 1064 (42.0)  137(35.3) 759 (45.3) 168 (35.8)
Disease, N (%),
1992-93/1997-99
Myocardial infarction 295 (10.2) 45(9.8) 190 (10.0) 60 (11.0) 0.884 0.524
Stroke 133 (4.6) 21 (4.6) 88 (4.7) 24 (44) 0.940 0.806
Myocardial infarction and/or stroke 384 (13.4) 60 (13.2) 252 (13.5) 72 (13.4) 0.849 0.969
Diabetes mellitus 201 (7.0) 46 (10.1) 116 (6.2) 39(7.2) 0.003 0.399
Hypertension treatment , N (%),
1997-99 0.227 0.002
Never 1911 (66.7) 318 (70.8) 1266 (67.7) 327 (59.8)
Former 107 (3.7) 1124 73(3.9) 23(42)
Current 847 (29.6) 120 (26.7) 530 (28.4) 197 (36.0)

Note: P=probability; N=number of observations; SD=standard deviation; a.Participants diagnosed with cancer until last measurement were excluded; b.P-values are measured using t-test
(continuous variables) and Chi-square tests (categorical variables), comparing stable versus lost and stable versus gained, in two separate analyses; c.Weight was measured both in 1992-93
and 1997-99, wearing light clothes without shoes to the nearest half-kilogram (kg) on a calibrated scale; d.Self-reported information.
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Results

Characteristics of the study population

Table 1 shows participant characteristics by weight change
category. Median and maximum follow-up was 13 and 14
years, respectively. The average age at start of follow-up was
72.4 years in men and 72.5 years in women. Compared to the
group with stable weight, people in the weight loss category
(n=460, 15.7%) were more likely to have diabetes and to
smoke, and less likely to engage in physical activity. Compared
to the group with stable weight, people in the weight gain
category (n=559, 19.0%) were more likely to have a history
of use of antihypertensive medication, and less likely to have
higher education and to engage in physical activity. BMI in
1992-93 and prevalence of myocardial infarction or stroke did
not differ significantly between the weight change groups.

Considering the distribution of weight change, among men
there were 15% who gained weight, compared to 22% of the
women. Weight loss occurred in 13% of the men, compared
to almost 18% of the women. Among current smokers 29%
lost weight and almost 15% gained weight. Among those with
diabetes 23% lost weight and 19% gained weight. Among
those treated for hypertension 14% lost weight and 23% gained
weight.

Figure 1
Kaplan-Meier cumulative hazard curves for weight change
categories in men and women, The Hordaland Health Study.
Subjects with cancer diagnosed before the last measurements
were excluded
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Association of weight change categories with total mortality

During follow-up, 648 men and 511 women died. Figure 1
displays Kaplan-Meier cumulative hazard curves for men and
women stratified by weight change category. The curve for the
weight loss groups increased more rapidly than the curves for
the weight stable and weight gain groups, for both sexes. The
curves for the weight stable and weight gain groups followed
each other closely the first few years, especially among women.
The Log rank test showed significant differences in hazard
between the weight change groups in both sexes.

Table 2 shows the association of weight change with
mortality, with adjustment for age and sex. Compared to the

stable weight group, there was a significantly increased risk
of mortality for those in the weight loss category, HR 1.87
(95% CI 1.61-2.16), p<0.001. Further adjustment for smoking,
physical activity, myocardial infarction and/or stroke, diabetes
and being under treatment for hypertension slightly attenuated
the hazard ratio; HR 1.59 (95% CI 1.35-1.89), p<0.001 in the
weight loss group. The excess mortality risk associated with
weight loss was similar in men (HR 1.61 [95% CI 1.28-2.03],
p<0.001) and women (HR 1.62 [95% CI 1.26-2.09], p<0.001)
in the fully adjusted model.

Weight gain was significantly associated with increased
risk of mortality (HR 1.22 [95% CI 1.05-1.42], p=0.011) after
adjustment for age and sex. Further adjustment made the
association no longer significant; HR 1.07 (95% CI 0.90-1.28),
p=0.453. The associations between weight gain and mortality
were not significant in either sex in the fully adjusted model:
HR 1.05 [95% CI 0.82-1.35], p=0.68 in men and HR 1.06 [0.97
—1.16], p=0.602 in women.

Online Supplementary Table 1 shows that among the
survivors in both the weight loss and weight gain groups, the
proportion of men, ever smokers, participants with diabetes and
with previous myocardial infarction were significantly lower
than among those who died. Among the survivors in the weight
gain group there were also a significantly lower proportion of
participants performing no/light physical activity and treated
with blood pressure medication than among those who died.

Figure 2
Cox proportional hazards regression with penalized splines,
The Hordaland Health Study. Distribution of hazard ratio
(black line) with 95% CI (shadow) for mortality across the
distribution of weight change in kg. The model includes age,
sex, myocardial infarction and/or stroke, diabetes, being treated
for hypertension, physical activity and smoking habits. A HR of
1 represents the average hazard in the data. Weight change in kg
ranging from 0.01 kg to 15 kg is included. Subjects with cancer
diagnosed before the last measurement were excluded
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Table 2
Associations between weight change and mortality. The Hordaland Health Study (HUSK)*

Variables Dead, n (%) Age and sex adjusted Cox propor- Adjusted Cox proportional hazards
tional hazards regression analysis regression analysis
HR (95% CI) P HR" (95% CI) p

Weight change®

Stable +<5% 698 (36.4) 1 (ref) 1 (ref)

Lost =5% 242 (52.6) 1.87(1.61-2.16)  <0.001 1.59(1.35-1.89)  <0.001

Gained 25% 219(39.2) 122 (1.05-142) 0011 1.07 (0.90-1.28) 0453
Age 1.09 (1.03-1.16)  0.004 1.10 (1.02-1.18)  0.009
Sex

Male 1 (ref) 1 (ref)

Female 0.52(0.46-0.58)  <0.001 0.54(047-0.63)  <0.001
Physical activity?

No/light 1 (ref)

Moderate/hard 0.78 (0.68-0.89)  <0.001
Smoking!

No 1 (ref)

Former 123 (1.04-146) 0.014

Yes 2.35(1.95-2.84)  <0.001
Diabetes?

No 1 (ref)

Yes 221(1.78-2.73)  <0.001
Myocardial infarction or/and stroke*

No 1 (ref)

Yes 1.37(1.15-1.62)  <0.001
Hypertension treatment

No 1 (ref)

Former 1.24 (0.90-1.70) 0.195

Yes 1.18 (1.01-1.36)  0.032

Note: N=number of observations; HR=hazard ratio; CI=confidence interval; P=probability; a.Participants diagnosed with cancer until last measurement were excluded; b.Adjusted for
age in years, sex, smoking, physical activity, myocardial infarction and/or stroke, diabetes, hypertension treatment; c.Weight was measured both in 1992-93 and 1997-99, wearing light
clothes without shoes to the nearest half-kilogram (kg) on a calibrated scale; d.Self-reported information.

Stratification by BMI at first measurement

Table 3 shows the association of weight change with
mortality, stratified by BMI categories according to WHO
definitions (<25 kg/m2, 25-29.9 kg/m2, and =30 kg/m2) (19).
In multivariable analyses, the increased risk of mortality
associated with weight loss persisted in participants with a BMI
of <25 kg/m?2 and 25-29.9 kg/m?2, but not in participants with
a BMI of =30 kg/m2 (HR 1.34 [95% CI 0.85-2.12], p=0.213),
which only included 71 (2.4%) participants. In multivariable
analyses, the group with weight gain did not have increased risk
of mortality compared to stable weight also when stratified by
BMI.

Different lengths of follow-up

When analyzing the associations between weight change
and mortality within three, six, and ten years, adjusting for all
covariates, we found no significant results after three years
(weight loss group: 32 deaths, HR=1.63 [95% CI 0.99-2.68],
p=0.057). The group that lost =5% had significantly higher risk
of death after six years (76 deaths, HR=1.44 [95% CI 1.06-
1.97], p=0.022) and ten years (149 deaths, HR=1.46 [95% CI
1.17-1.82], p=0.001). Weight gain =5% was not significantly
associated with mortality in any of these multivariable analyses.

Association of weight change as a continuous variable with
total mortality

Figure 2 displays a multivariable adjusted Cox regression
with penalized spline of the relationship between weight change
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Table 3
Associations between weight change and mortality, stratified by BMI at first measurement.
The Hordaland Health Study (HUSK)*

BMI® Weight change” N (%) N Dead (%) Age and sex adjusted Cox Adjusted Cox proportional hazards
proportional hazards regression regression analysis,
analysis,

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

<25 1285 (43.8)

Stable +<5% 305 (37.2) 1 (ref) 1 (ref)

Lost =5% 124 (54 .4) 1.90 (1.53 -2.34) <0.001 1.57 (1.23 -2.00) <0.001

Gained =5% 97 (40.9) 1.18 (0.94 - 1.49) 0.151 0.98 (0.75-1.28) 0.88
25-29.99 1322 (45.0)

Stable +<5% 315 (34.8) 1 (ref) 1 (ref)

Lost =5% 75 (46.6) 1.68 (1.31-2.17) <0.001 1.57 (1.18 - 2.09) 0.002

Gained =5% 93 (36.2) 1.27 (1.00 - 1.60) 0.049 1.19(0.90 — 1.57) 0.215
=30 328 (11.2)

Stable +<5% 78 (40.6) 1 (ref) 1 (ref)

Lost =5% 43 (60.6) 1.81(1.25-2.63) 0.002 1.34 (0.85-2.12) 0213

Gained =5% 29 (44.6) 1.10 (0.72 - 1.69) 0.651 1.08 (0.64 — 1.83) 0.778

Note: N=number of observations; HR=hazard ratio; CI=confidence interval; P=probability; a.Participants diagnosed with cancer until last measurement were excluded; b.Weight and
height were measured both in 1992-93 and 1997-99. Weight was measured wearing light clothes without shoes to the nearest half-kilogram (kg) on a calibrated scale. Height was measured
without shoes to the nearest centimeter; c.Adjusted for age in years, gender, physical activity, smoking, diabetes, myocardial infarction and/or stroke, hypertension treatment; d.Self-

reported information on myocardial infarction or/and stroke, diabetes, smoking habits, physical activity habits and use of hypertensive treatment.

and mortality. A HR of 1 represents the average hazard in the
data. The X-axis shows weight change in kg, while the Y-axis
shows the HR and 95% CI associated with weight change. The
curve illustrates that both major weight gain and minor weight
loss is associated with increased mortality in comparison with
stable weight.

Sensitivity analysis

After excluding 69 participants who died during the first two
years of follow-up, the results did not differ materially (weight
loss group: HR 1.59 [95% CI 1.34-1.90], p<0.001, weight gain
group: HR 1.11 [95% CI 0.92-1.33], p=0.279). After excluding
136 participants diagnosed with cancer during the first two
years of follow-up, the results also did not differ materially
(weight loss group: HR 1.63 [95% CI: 1.37-1.95], p<0.001,
weight gain group: HR 1.06 [95% CI 0.88-1.29], p=0.519).

Discussion

Main results

In this group of community-dwelling older adults, even a
minor weight loss was significantly associated with increased
mortality, whereas a weight gain had to be more substantial
to increase mortality risk. The weight loss result was only
to a minor degree attenuated when controlling for the fact
that participants in the weight loss group had higher baseline
prevalence of diabetes, performed less physical activity and

smoked more compared to the stable weight group. Similar
results were found when we stratified by sex.

Comparison with previous studies

Our finding that people who lost weight had a higher
mortality risk compared to those whose weight was stable is in
line with results from previous epidemiologic studies (5-12, 17,
20-23) that have examined weight loss over short intervals (8,
10, 20, 24), or highest lifetime weight (7). Lee and Paffenbarger
summarized epidemiologic studies evaluating the health effects
of weight loss in 1996. Their main finding was that in the short
term, weight loss leads to improved physiological parameters,
although these short-term benefits do not appear to translate
into improvements in longevity. However, results were mixed
across studies, and different effects were seen in different
BMI groups (25). A more recent review and meta-analysis by
Harrington et al (4) investigated in more detail studies that
distinguished between intentional and unintentional weight
loss, taking the health status of subjects into account. Overall,
they concluded that weight loss was associated with a small
but significant increase in total mortality among subjects with
unintentional weight loss (pooled RR 1.22 [95% CI 1.09-
1.37]). No association with intentional weight loss in obese
subjects (pooled RR 0.94 [95% CI 0.86-1.04]) were reported,
while for intentional weight losers whose baseline BMI was
within the normal to overweight range, the risk of mortality
was increased (pooled RR 1.09 [95% CI 1.02-1.17]) (4). Cheng
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et.al conducted a meta-analysis of 17 observational cohort
studies from both Western and Asian Countries, to examine
current literature on the association between weight change
and all-cause mortality among older adults (11). Overall, they
observed a higher mortality risk with weight change among
non-institutionalized adults 60 years and older (11). The overall
pooled relative risk of all-cause mortality for the weight loss
group was 1.67 (95% CI, 1.51-1.85), while for the weight gain
group it was 1.21 (95% CI, 1.09-1.33) (11).

There are a limited number of studies showing an increased
mortality risk with weight gain in older people (9-12). Using
data from 658 older people 65-99 years old, Deeg et al reported
increased risk of mortality with weight gain of =2.5 kg/m2,
but only in the age group 65-74 years and in those with heart
disease (10). Results from the Systolic Hypertension in the
Elderly Program showed increased risk with weight gain of
>0.5 kg/year (OR=2.4) in the elderly aged 60 years or more (9).
Cao analyzed data from 12.523 participants over 50 years old
from a nationally representative longitudinal dataset, the Health
and Retirement Study (12). The effects of time-varying weight
change on mortality were estimated, adjusting for demographic
and socio-economic variables, as well as time-varying
confounders including illness and smoking. They reported a HR
of 1.98 (95% CI 1.67 — 2.35) for large weight gain (>10%), and
a HR of 1.20 (95% CI 1.02 — 1.41) for small weight gain (5 —
10%) (12). These results may indicate that weight gain is less
hazardous in the oldest and that the time span for weight gain
has an impact.

When sex stratified analyses were performed, HRs were
similar in men and women. Poobalan et al studied long-term
effects of weight loss on all-cause mortality in overweight/
obese populations (26). They conclude that there may be
gender differences, and that more studies are needed on gender
differences. Otsuka et al studied age-related changes in weight
in community-dwelling middle-aged and elderly Japanese
(27). They reported that weight started to decline in men in
their mid-50s and women in their late 40s, indicating gender
differences in the occurrence of weight change (27). However,
a recent meta-analysis from Cheng et al reported that the
association between weight change and total mortality did not
vary significantly between genders (11).

Some earlier studies have examined the association between
changes in body composition and mortality. Newman et al
concluded that significantly more fat free mass (FFM) was lost
with weight loss than was gained with weight gain, suggesting
that weight loss, even with regain, could accelerate loss of FFM
in older adults (28). These changes in body composition seem
to contribute to decreased health with weight change in the
elderly, since studies have found that increases in fat mass (FM)
increases, while increases in FFM decreases, mortality risk (17,
29).

Cheng et al, in their meta-analysis of weight change and
mortality in older adults, conclude that recognizing the
characteristics that discern survivors from non-survivors should

be helpful to guide clinicians and public health practitioners in
detecting at-risk individuals for early prevention (11). In our
study the proportion of men, ever smokers, participants with
diabetes and with previous myocardial infarction reported at
baseline, were significantly higher among those who died,
in both the weight loss and weight gain group, compared to
those who survived. In the weight gain group there were also a
significantly higher proportion of participants reporting no/light
physical activity and treatment with blood pressure medication
among those who died.

Limitations in earlier studies on older people are use of self-
reported weight and weight change (7, 24), that they did not
evaluate weight gain (7, 24), lack of sensitivity analysis (17,
24) and wide age groups (10, 24, 30). In the present study we
considered these limitations, and found significant associations
with mortality for even a minor weight loss, as well as for
substantial weight gain, compared to stable weight. Further, we
evaluated characteristics at baseline which discern survivors
from non-survivors in the two weight change groups.

Strengths and limitations

In this study, an attempt was made to consider major
known confounders in the relation between weight change
and mortality i.e. education as a measure of socioeconomic
status, cancer, myocardial infarction and stroke, hypertension,
diabetes, BMI at the first survey in 1992-93, smoking habits
and physical activity, and excluding deaths during the first two
years after baseline. Education and BMI before weight change
were not included in the final model. We had a relatively large
sample of men and women with standardized measurements
of weight and height measured about five years apart and a
subsequent follow-up of up to 14 years. Participants were
community-dwelling, increasing the generalizability of the
findings. Self-reported information on myocardial infarction or/
and stroke, diabetes, smoking habits, physical activity habits
and use of hypertensive treatment was available with relatively
low frequency of missing values (1.6-13.7%). The sensitivity
analyses showed quite similar results as the main analysis.
Moreover, we had complete follow-up of all participants,
decreasing the possibility of selection bias.

The current study also has limitations. As in all studies of
older adults, there is probably selection bias in that those who
participate are healthier than those who do not (21). All subjects
who participated in 1992-93 were also invited to participate in
1997-99, attendance in 1997-99 was 77% (31). Inclusion in the
study required survival at both time points, introducing possible
survivor bias. Some possible confounders not measured in
this study are diseases such as chronic obstructive pulmonary
disease, renal disease, rheumatologic disease, endocrine
disease, gastrointestinal disease, psychiatric disease and
cognitive disorders (32). However, there were no participants
with overt dementia. All participants were community-dwelling
people who were able to come to the study site on their own at
both time points, and they were able to fill out questionnaires.
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This study is also limited in the lack of information on
potential confounders during the follow-up period after the
second survey in 1997-99. The population studied is relatively
homogenous in nature and confined to a small geographic area
of Norway, perhaps reducing generalizability to populations of
different ethnicity.

In addition, our findings may not apply to weight loss in
younger age groups and in the very obese. Baseline mean age
was about 72 years, none were younger than 70 years, and
only 11.2% had a BMI =30 kg/m2. Weight was only measured
at two times, about five years apart, thus we do not know
when the weight loss or gain occurred, or if the weight had
cycled. We also do not know if a significant weight gain or
loss occurred prior to the first measurement in 1992-93. This
is a limitation as weight cycling has been related to increased
mortality (6, 33, 34). Further, we could not distinguish between
intentional and unintentional weight change. Studies that
have distinguished between the two have generally shown
that intentional weight loss has shown decreased mortality
rates, while unintentional weight loss has been consistently
associated with increased mortality rates (35-37). However,
some studies among older adults have not found a lower risk
of mortality with intentional weight loss (20, 38). Information
on potential changes in FM and FFM would have strengthened
our study, since increases in FM increases, while increases in
FFM decreases, mortality risk (17, 29). Unfortunately, such
information is not available.

Future research

There is need for studies evaluating the difference between
intentional and unintentional weight loss in community-
dwelling older people. Also, since weight loss accelerates the
loss of FFM in older adults, future studies should examine the
association between changes in body composition and mortality
in older people.

Conclusion

Even a small weight loss is associated with increased
mortality in older adults. Due to this, weight should be routinely
measured in older adults.
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