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Abstract
Malnutrition predicts preterm death, but whether this is valid irrespective of the cause of death is unknown. The aim of the present study was
to determine whether malnutrition is associated with cause-specific mortality in older adults. This cohort study was conducted in Sweden and
included 1767 individuals aged ≥65 years admitted to hospital in 2008–2009. On the basis of the Mini Nutritional Assessment instrument,
nutritional risk was assessed as well nourished (score 24–30), at risk of malnutrition (score 17–23·5) or malnourished (score <17). Cause of
death was classified according to the International Statistical Classification of Diseases and Related Health Problems, 10th Revision, into twenty
different causes of death. Data were analysed using Cox proportional hazards regression models. At baseline, 55·1% were at risk of
malnutrition, and 9·4% of the participants were malnourished. During a median follow-up of 5·1 years, 839 participants (47·5%) died.
The multiple Cox regression model identified significant associations (hazard ratio (HR)) between malnutrition and risk of malnutrition,
respectively, and death due to neoplasms (HR 2·43 and 1·32); mental or behavioural disorders (HR 5·73 and 5·44); diseases of the nervous
(HR 4·39 and 2·08), circulatory (HR 1·95 and 1·57) or respiratory system (HR 2·19 and 1·49); and symptoms, signs and abnormal clinical and
laboratory findings, not elsewhere classified (HR 2·23 and 1·43). Malnutrition and risk of malnutrition are associated with increased mortality
regardless of the cause of death, which emphasises the need for nutritional screening to identify older adults who may require nutritional
support in order to avoid preterm death.
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Malnutrition due to starvation, disease or ageing can be defined as
‘a state resulting from lack of uptake or intake of nutrition leading
to altered body composition (decreased fat-free mass) and body
cell mass leading to diminished physical and mental function and
impaired clinical outcome from disease’ (p. 335)(1). The condition
is highly prevalent among older adults (≥65 years old) admitted to
hospital – 23–39% are malnourished and 43–46% are at risk
of malnutrition(2–4) according to the screening instrument Mini
Nutritional Assessment (MNA). A large number of older adults are
already malnourished when admitted to hospital(5), and the
condition is associated with a markedly increased morbidity(6),
impaired functional ability(7) and a lower quality of life(8).
In addition, malnourished individuals and individuals at risk
of malnutrition have a higher mortality compared with well-
nourished individuals – that is, they die preterm(9). Even though
up to 86% of older adults admitted to hospital are at nutritional
risk (malnourished or at risk of malnutrition)(3), and the con-
sequences are severe, nutritional screening is still not performed
as a routine in European hospitals and patients at risk of
malnutrition may go undetected and untreated(10,11).
To promote nutritional screening, the European Society of

Clinical Nutrition and Metabolism (ESPEN) has published

guidelines for nutritional screening, and the MNA instrument
is recommended specifically to screen older adults for mal-
nutrition(12), regardless of setting. According to the diagnostic
criteria for malnutrition published by ESPEN in 2015, individuals
identified by screening as at risk of malnutrition with, for
example, the MNA, the diagnosis of malnutrition should be based
on either a low BMI (<18·5 kg/m2) or on the combined finding of
weight loss together with either reduced BMI (BMI <20kg/m2

if <70 years of age, or <22 kg/m2 if >70 years of age) or a low
fat-free mass index using sex-specific cut-off points(1).

We recently conducted a 4-year follow-up study, in which we
screened 1771 older adults (≥65 years of age) for malnutrition
with the MNA, as well as examined all-cause mortality. At the
time of planning the study and conducting the baseline
recruitment for this study (in 2008–2009), these diagnostic
criteria for malnutrition did not exist. Therefore, the original
MNA was used to estimate the prevalence of malnutrition(13).
At follow-up after 4 years, we found that the risk of death
was almost four times higher in malnourished compared
with well-nourished older adults(14). This raised the question
whether malnourished older adults with certain diseases are
more likely to die compared with well-nourished people.

Abbreviations: HR, hazard ratio; ICD-10, International Statistical Classification of Diseases and Related Health Problems, 10th Revision; MNA, Mini Nutritional
Assessment.
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Only one previous study has examined the relationship
between malnutrition and cause-specific mortality, categorised
as cardiovascular, cancer or respiratory mortality(15). In that
study, 358 people (mean age 84·6 years old) in long-term
care settings were screened with the MNA and the Geriatric
Nutritional Risk Index (GNRI). At follow-up after 6·5 years, there
was no association between malnutrition assessed with the MNA
and cause-specific mortality; only the association between
nutritional risk assessed by the GNRI and cardiovascular
mortality was significant(15). However, in that study, malnutrition
was not associated with other causes of death.
Thus, knowledge whether the malnourishment identified

with the MNA instrument has any clinical importance in terms
of cause-specific mortality has not yet been thoroughly
established(15). Investigating different causes of death related to
malnutrition could be used to examine whether the underlying
disease – for example, cancer or CVD is decisive for predicting a
preterm death – or whether the nutritional state (malnourished,
at risk of malnutrition, well nourished) is more important than the
underlying medical condition. Such knowledge could strengthen
the decision to screen for malnutrition in clinical practice.
If individuals at risk of malnutrition are detected before the
condition is manifest, preventive nutritional interventions
could be initiated. The present prospective cohort study was
undertaken to clarify whether malnutrition is associated with
cause-specific mortality in older adults.

Methods

Study design and setting

In this prospective cohort study, nutritional screening was
performed in patients aged ≥65 years admitted to a medium-
sized Swedish hospital during the 15 months from March 2008
to May 2009. Cause-specific mortality was followed up until
31 December 2013.

Study population

Fig. 1. describes the patient’s recruitment and reasons for
exclusions and loss to follow-up.

The baseline sample comprised 1771 patients. Of these, 706
(40%) were admitted to two internal medicine wards, 681 to
two surgical wards (38%) and 384 (22%) to one orthopaedic
ward. After a median follow-up of 5·1 years, the final cohort
comprised 1767 patients, of which 928 were still alive and 839
participants were deceased.

A sample size calculation was performed on the basis of studies
that evaluated malnutrition and mortality in older adults in
hospital(16–19). The expected mortality during the 3 years of follow-
up was 24% among the well-nourished patients and 35% among
the malnourished patients; that is, a difference of 11 percentage
points, with a minimum prevalence of 17% well-nourished
patients and 16% malnourished patients. To obtain a power

Individuals considered
for inclusion

(n 2517)

Eligible to be included
(n 2024)

Accepted to participate
(n 1795)

Included in the study at
baseline 2008–2009

(n 1771)

Included in the study at
follow-up 2013

(n 1767)

Declined participation (n 229)

Missing Mini Nutritional Assessment forms (n 15)
Incomplete Mini Nutritional Assessment forms (n 9)

Lost to follow-up (n 4)

• Temporary personal identity number (n 2)
• Emigrated before registered at baseline (n 2)

Meeting any of the exclusion criteria (n 422)

• Unable to communicate and no relative could
  answer the questions (n 356)

• Receiving palliative care (n 44)

• Impossible to measure height or weight (n 22)
Miscellaneous (n 71)

Fig. 1. Flow chart describing participant recruitment from admission to a medium-sized hospital in Central Sweden at the baseline in 2008–2009 to 5-year follow-up
in 2013.
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(1−β) of 80% at a two-sided significance level of α= 0·05 with a
Z test for difference in proportions with an expected difference in
mortality of 11 percentage points using these prevalences, a total
study population of 1682 participants would be needed. To take
into account expected dropouts, non-responses and missing
values, the aim was to recruit 2080 participants. As the dropout
rate was lower than expected, a decision was made to end
recruitment when nutritional screening had been performed in
1795 patients in the study.

Data collection at baseline

The data collected consecutively at baseline included the
following clinical characteristics: age (years), female sex (yes/no),
BMI (kg/m2), current smoking (yes/no), number of medications
taken, overnight fast >11h (yes/no), eating episodes <4 (yes/no),
independent cooking (yes/no), living situation (living alone,
cohabiting or in a nursing home), country of birth (Sweden or
another country) and diagnoses. Primary and secondary medical
diagnoses according to the International Statistical Classification of
Diseases and Related Health Problems, 10th Revision (ICD-10),
were collected at discharge. These were categorised into the
twenty main diagnosis groups of the ICD-10 classification system
by registering a ‘yes’ for each patient who had a primary or
secondary diagnosis with an ICD-10 code belonging to the
diagnosis group in question, and otherwise registering a ‘no’. The
participants were asked about the usual length of their overnight
fast. The length of their overnight fast was defined as the period
between the last eating episode in the evening and the first eating
episode the following morning. The number of eating episodes
per day was recorded as how often the patient usually ate
breakfast, lunch, dinner and between-meal and evening snacks.
A detailed description of the baseline survey has been
published previously(20). To evaluate the cumulative burden
of co-morbidity, the Charlson co-morbidity index(21) was
constructed in the same way, using ICD-10 coding according to
Quan et al.(22) and weights from Charlson et al.(21).

Nutritional screening

Nutritional screening was performed with the original eighteen-
item MNA instrument that categorises patients into well-nourished
(score 24–30), at risk of malnutrition (score 17–23·5) or mal-
nourished (score <17) groups. BMI was calculated using the
standard formula of weight (kg)/height squared (m2). Weight
was measured with a calibrated chair or mobile lift scale (n 21) to
the nearest kg after the patient had emptied the bladder and
with the patient wearing a light hospital robe. Height was
measured to the nearest centimetre with a stadiometer. Partici-
pants unable to stand upright were measured using a sliding
calliper (n 345) or, as a last resort, by calculating their height
from half the arm span (demi-span) (n 18) using the following
formula: (1·40×demi-span (cm))+ 57·8 for men and (1·35×demi-
span (cm))+ 60·1 for women(23).
MNA is a validated screening instrument(13) developed to

provide an easy, reliable way to screen for malnutrition in adults
aged ≥65 years. The instrument comprises eighteen weighted
items and takes about 15min to complete. The nutritional

screening was performed during the first few days of the
patient’s stay at the hospital. In total, eighteen personnel
collected the data (two to four registered nurses, assistant
nurses or registered dietitians in each ward). The researchers
responsible for the study provided training to the personnel in
the interpretation of the questions in the MNA and obtaining
measurements.

Data collection at follow-up

To analyse the relationship between malnutrition and cause-
specific mortality, the participants were followed up through
the Swedish Cause of Death Register, which is managed by the
Swedish National Board of Health and Welfare(24). Data were
also retrieved through the Swedish Population Register to
identify emigrated individuals(25). Causes of death were coded
and tabulated according to ICD-10(26). In this analysis, cause-
specific mortality was determined using all causes of death
documented on the death certificate, rather than just the single
underlying cause of death(26). This resulted in some individuals
being counted in more than one category of cause-specific
mortality. The main diagnostic groups were analysed according
to the ICD-10 or subcategories of these with ≥50 deaths, which
resulted in twenty different causes of death being analysed.

Ethical considerations

The Regional Uppsala Ethical Review Board approved the study
(approval no.: 2007–323). Before the patients entered the study,
all of them provided their written informed consent. For
patients who were unable to communicate, a next-of-kin was
asked whether there was any objection to the patient’s partici-
pation in the study (n 23), and this person assisted in answering
the questions in the MNA. Malnourished participants received
only routine interventions at the hospital, and no additional
interventions were included in the study. However, the parti-
cipants received information about their risk of malnutrition,
which gave them the opportunity to consider whether they
needed or wanted to take further actions, such as consulting a
dietitian. If the participant was unable to communicate, the
relative was informed of the patient’s nutritional risk.

Statistical analysis

For descriptive statistics, categorical data are presented as
frequencies and percentages. Discrete and continuous data are
given as medians and interquartile ranges (25th–75th percen-
tile) or as mean values and standard deviations. Differences
between the three nutritional screening groups were analysed
using Pearson’s χ2 test for categorical data, the Kruskal–Wallis
test for discrete data and ANOVA for continuous data.

For analysis of cause-specific death, survival was calculated
from the date of the MNA assessment to the date of cause-
specific death or to the date of censoring. Dates of emigration,
end of follow-up and death from other causes were used as
censoring dates. Multiple causes of death were analysed (i.e. all
conditions mentioned on a death certificate)(26). Consequently,
if an individual had three causes of death registered on the

534 L. Söderström et al.

https://doi.org/10.1017/S0007114517000435  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114517000435


death certificate, the patient could be included as an event in up
to three different Cox regression analyses.
Kaplan–Meier curves were created, and associated log-rank tests

were calculated. In addition, simple and multiple Cox proportional
hazards regression models were used. In the regression analyses,
nutritional screening groups were entered as a categorical variable
with three levels: well nourished, at risk of malnutrition or
malnourished, with well nourished used as reference category.
Separate multivariate Cox regression models were con-

structed, with cause-specific death as the outcome in each of
the models. All multivariate Cox regression models were
adjusted for the same variables to ensure that the models are
comparable with each other – age, sex, BMI, BMI×BMI, current
smoking, number of medications, overnight fast >11 h and
living situation (lives alone, cohabits or in a nursing home).
Each model was adjusted for the specific diagnosis at baseline –

that is, if the outcome was death from cancer, the model was
adjusted for presence of cancer at baseline. Further, the models
were adjusted for the cumulative burden of co-morbidity
according to the Charlson co-morbidity index(21). For all statis-
tical tests, a two-sided P< 0·05 was considered significant.
All data were analysed using IBM SPSS Statistics 22.

Results

Participant characteristics

A total of 1767 participants were followed up in the present
prospective cohort study: 628 (35·5%) were well nourished, 973

(55·1%) were at risk of malnutrition and 166 (9·4%) were
malnourished at baseline. The mean age of the participants was
78·1 (SD 7·8) years at baseline, and most of them were women
(56·0%). Almost all the participants lived at home (95·1%)
before their admission to hospital, and a minority lived in a
nursing home (4·9%).

Table 1 lists the participants’ characteristics. All the baseline
characteristics differed between the participants’ nutritional
screening groups except for sex distribution. At baseline, differ-
ences in nutritional screening groups were found for the ICD-10
diagnoses infectious diseases (A00–B99) (P< 0·004), mental
and behavioural disorders (F00–F99) (P< 0·001), heart failure
(I50) (P< 0·008) and chronic obstructive pulmonary disease
(J44) (P< 0·019) (not in table).

Cause-specific mortality

During a median follow-up of 5·1 (Q1 4·9; Q3 5·6) years, 839
participants (47·5%) died. Most died in hospital (53·4%) or in a
nursing home (36·0%), and only a minority (9·6%) passed away
at home. The place of death was unknown for 1%. The mean
age at death was 82·8 (SD 7·8) years (range: 65–102 years).

The most frequent causes of death were diseases of the
circulatory system (62·6%): heart failure, (29·4%), ischaemic
heart disease (19·8%) and cerebrovascular disease (15·6%).
The next most common cause was neoplasms (35·9%):
neoplasms of the digestive organs (16·6%).

Table 2 displays the causes of death in relation to the number
of deceased individuals (n 839) and to the nutritional screening

Table 1. Baseline characteristics in relation to nutritional screening groups (well nourished, at risk of malnutrition or malnourished), derived from the Mini
Nutritional Assessment instrument among 1767 older adults
(Mean values and standard deviations and percentages)

Well nourished (n 628) At risk of malnutrition (n 973) Malnourished (n 166)

Mean SD % Mean SD % Mean SD % P*

Age (years) 76·5 7·2 NA 78·6 7·9 NA 81·1 7·9 NA <0·001
Women NA NA 52·2 NA NA 57·9 NA NA 59·6 0·053
BMI (kg/m2) 27·5 4·0 NA 25·7 4·7 NA 21·2 4·5 NA <0·001
Current smoker NA NA 8·6 NA NA 11·6 NA NA 18·1 0·002
Number of medications 5·1 3·6 NA 5·5 4·1 NA 6·2 4·6 NA 0·008
Number of diagnoses 2·9 1·6 NA 3·1 1·7 NA 3·5 1·9 NA <0·001
Overnight fast <0·001

≤11h NA NA 27·3 NA NA 18·7 NA NA 15·7
>11h NA NA 72·7 NA NA 81·3 NA NA 84·3

Eating episodes <0·001
≥4 NA NA 62·4 NA NA 47·1 NA NA 35·5
<4 NA NA 37·6 NA NA 52·9 NA NA 64·5

Meal provision†
Cooks independently (yes) NA NA 93·1 NA NA 84·9 NA NA 65·7 <0·001
Meals on wheels (yes) NA NA 5·4 NA NA 11·1 NA NA 20·5 <0·001
Nursing home (yes) NA NA 1·9 NA NA 4·5 NA NA 13·9 <0·001
Restaurant (yes) NA NA 3·0 NA NA 5·1 NA NA 7·2 0·034

Living situation <0·001
Lives alone NA NA 40·0 NA NA 47·4 NA NA 58·4
Cohabits NA NA 58·0 NA NA 46·2 NA NA 22·9
Nursing home NA NA 2·1 NA NA 6·4 NA NA 18·7

Country of birth 0·026
Sweden NA NA 82·8 NA NA 85·6 NA NA 91·0
Other countries NA NA 7·2 NA NA 14·4 NA NA 9·0

NA, not applicable.
* ANOVA for continuous variables, the Kruskal–Wallis test for discrete variables and the χ2 test for categorical variables.
† Multiple answers allowed.
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Table 2. Causes of death in relation to the number of deceased individuals (n 839) and to nutritional screening groups among 1767 older adults
(Numbers and percentages)

Events

Deceased
(n 839)

Well nourished
(n 628)

At risk of malnutrition
(n 973)

Malnourished
(n 166)

ICD-10* Cause of death† n % n % n % n % P‡

A00–B99 Certain infectious and parasitic diseases 59 7·0 12 1·9 39 4·0 8 4·8 0·001
C00–D48 Neoplasms 301 35·9 93 14·8 163 16·8 45 27·1 <0·001
C15–C26 ∙ Malignant neoplasms of digestive organs 137 16·6 39 6·2 77 7·9 21 12·7 <0·001
E00–E90 Endocrine, nutritional and metabolic diseases 154 18·4 48 7·6 88 9·0 18 10·8 0·003
E00–E09, E15–E90 ∙ Endocrine, nutritional and metabolic diseases, excluding diabetes 35 4·2 10 1·6 17 1·7 8 4·8 0·007
F00–F99 Mental and behavioural disorders 77 9·2 6 1·0 58 6·0 13 7·8 <0·001
G00–G99 Diseases of the nervous system 66 7·9 12 1·9 42 4·3 12 7·2 <0·001
I00–I99 Diseases of the circulatory system 525 62·6 122 19·4 325 33·4 78 47·0 <0·001
I20–I25 ∙ Ischaemic heart diseases 166 19·8 37 5·9 111 11·4 18 10·8 <0·001
I50 ∙ Heart failure 247 29·4 60 9·6 154 15·8 33 19·9 <0·001
I60–I69 ∙ Cerebrovascular diseases 131 15·6 34 5·4 79 8·1 18 10·8 <0·001
J00–J99 Diseases of the respiratory system 217 25·9 50 8·0 127 13·1 40 24·1 <0·001
J12–J18 ∙ Pneumonia 103 12·3 25 4·0 66 6·8 12 7·2 <0·001
J44 ∙ COPD 75 8·9 15 2·4 45 4·6 15 9·0 <0·001
J00–J11, J19–J43, J45–J99 ∙ Diseases of the respiratory system, excluding pneumonia and COPD 80 9·5 16 2·5 44 4·5 20 12·0 <0·001
K00–K93 Diseases of the digestive system 82 9·8 21 3·3 47 4·8 14 8·4 <0·001
N00–N99 Diseases of the genitourinary system 100 11·9 32 5·1 52 5·3 16 9·6 0·005
R00–R99 Symptoms, signs and abnormal clinical and laboratory findings, not classified elsewhere 251 29·9 60 9·6 144 14·8 47 28·3 <0·001
S00–T98 Injury, poisoning and certain other consequences of external causes 59 7·0 11 1·8 39 4·0 9 5·4 <0·001
V01–Y98 External causes of morbidity and mortality 75 8·9 17 2·7 48 4·9 10 6·0 <0·001

ICD-10, International Statistical Classification of Diseases and Related Health Problems, Tenth Revision; COPD, chronic obstructive pulmonary disease.
* Main diagnostic groups according to the ICD-10; subcategories are marked with a bullet.
† Multiple causes of death were analysed; therefore, the column percentage exceeds 100.
‡ Log-rank test between nutritional screening groups.
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groups at baseline (n 1767) among older adults. The survival
rate was significantly related to nutritional screening groups at
baseline for all the registered causes of death (all log-rank tests
P< 0·05). Fig. 2(a) and (b) show the Kaplan–Meier curves for
the cumulative survival of older adults with neoplasms
(Fig. 2(a)) and diseases of the circulatory system (Fig. 2(b)) in
relation to the nutritional screening groups at baseline.
Table 3 displays the unadjusted and adjusted hazard ratios

(HR) for cause-specific mortality. The univariate Cox regression
showed a significant association between malnutrition and
death from all of the twenty examined causes of death. For
participants at risk of malnutrition, a significant association was
found for fourteen out of twenty examined causes of death.
After adjusting for possible confounding variables in the
multivariate Cox regression model, malnutrition or risk of

malnutrition was still associated with seventeen out of twenty
examined causes of death (Table 3).

For the main diagnostic groups, there was a significant
association between malnutrition and risk of malnutrition and
death due to neoplasms (HR 2·43 and 1·32, respectively); mental
or behavioural disorders (HR 5·73 and 5·44, respectively); diseases
of the nervous system (HR 4·39 and 2·08, respectively), circulatory
system (HR 1·95 and 1·57, respectively) and respiratory system
(HR 2·19 and 1·49, respectively); and symptoms, signs and
abnormal clinical and laboratory findings, not elsewhere classified
(HR 2·23 and 1·43, respectively)·

Discussion

Main results

The important results of the present prospective cohort study
were that malnourished older adults and those at risk of mal-
nutrition had a consistently higher risk of death compared with
well-nourished older adults regardless of the cause of death.
These results remained significant after controlling for baseline
characteristics, diagnoses and the Charlson co-morbidity index.
These data show that malnutrition and risk of malnutrition per se
are important prognostic factors for adults aged ≥65 years,
regardless of the cause of death.

Strengths and limitations of the study

The major strengths of the present study were its sample size
and the length of follow-up. This is the only study so far to
examine the relationship between three nutritional screening
groups defined by the MNA and cause-specific mortality among
older adults admitted to hospital. The prospective study design
made it possible to control for a number of co-morbidities and
several other participant characteristics recorded at baseline.
Furthermore, in the present study, multiple causes of death
were analysed – that is, all conditions mentioned on a death
certificate, which included both the terminal cause of death and
the underlying cause of death(26). By contrast, the majority of
previous studies have analysed the underlying cause of death in
relation to malnutrition(15) or BMI(27). However, older adults
may have a complex disease history, and multiple diseases
may contribute to the cause of death(26). For this reason, all
conditions specified on a death certificate were analysed, which
is considered a strength of the present study.

The limitation with the Swedish Cause of Death Register is
that only a minority of deaths are examined by autopsy, which
is the most reliable method to confirm the cause of death(24). In
the present study, an autopsy was found to be performed on
6·3% of the deceased. The least reliable method to examine
cause of death is an external examination of the corpse.
Fortunately, this was performed only in 11·7% of the deceased.
The majority (80·3%) had been examined before they passed
away, and the cause-of-death statement was based on this
examination. However, in a small percentage of the deceased,
the examination for determining cause of death was not stated
(1·7%). Another limitation of the present study was that
no information was available about when malnutrition had
occurred. Hence, it is difficult to know whether the diseases
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Fig. 2. Kaplan–Meier survival curves according to the nutritional screening
groups defined by the Mini Nutritional Assessment. Survival for participants with
(a) neoplasms and (b) diseases of the circulatory system differed significantly
between the nutritional screening groups (log-rank test P<0·001). , Well
nourished; , risk of malnutrition; , malnourished.

Malnutrition and cause-specific mortality 537

https://doi.org/10.1017/S0007114517000435  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114517000435


Table 3. Cause-specific mortality in relation to nutritional screening groups in 1767 older adults
(Hazard ratios (HR) and 95% confidence intervals)

Malnourished (n 166)* At risk of malnutrition (n 973)*

Unadjusted Adjusted† Unadjusted Adjusted†

Diagnostic groups‡ HR 95% CI P HR 95% CI P HR 95% CI P HR 95% CI P

Certain infectious and parasitic diseases 3·99 1·62, 9·79 0·003 2·15 0·73, 6·29 0·163 2·40 1·25, 4·58 0·008 2·05§ 1·05, 3·99 0·035
Neoplasms 2·84 1·99, 4·06 <0·001 2·43§ 1·54, 3·84 <0·001 2·29 0·996, 1·658 0·054 1·32§ 1·01, 1·72 0·039
∙ Malignant neoplasms of digestive organs 3·08 1·81, 5·25 <0·001 3·26§ 1·61, 6·60 0·001 1·44 0·98, 2·11 0·065 1·73§ 1·15, 2·59 0·008
Endocrine, nutritional and metabolic diseases 2·34 1·25, 4·03 0·002 2·23§ 1·16, 4·30 0·017 1·37 0·97, 1·96 0·078 1·36 0·95, 1·95 0·096
∙ Endocrine, nutritional and metabolic diseases, excluding diabetes 4·73 1·85, 12·06 0·001 4·29§ 1·35, 13·58 0·013 1·26 0·58, 2·76 0·561 1·22 0·56, 2·70 0·630
Mental and behavioural disorders 16·22 6·15, 42·71 <0·001 5·73§ 1·90, 17·28 0·002 7·60 3·28, 17·61 <0·001 5·44§ 2·32, 12·77 <0·001
Diseases of the nervous system 6·75 3·02, 15·07 <0·001 4·39§ 1·62, 11·88 0·004 2·67 1·40, 5·07 0·003 2·08§ 1·07, 4·05 0·031
Diseases of the circulatory system 4·08 3·01, 5·43 <0·001 1·95§ 1·39, 2·74 <0·001 2·01 1·63, 2·47 <0·001 1·57§ 1·27, 1·95 <0·001
∙ Ischaemic heart disease 3·04 1·73, 5·34 <0·001 1·95§ 1·39, 2·75 <0·001 2·24 1·55, 3·25 <0·001 1·57§ 1·27, 1·94 <0·001
∙ Heart failure 3·48 2·27, 5·33 <0·001 1·38 0·83, 2·30 0·219 1·93 1·43, 2·60 <0·001 1·40§ 1·03, 1·91 0·032
∙ Cerebrovascular disease 3·48 1·20, 6·17 <0·001 1·69 0·84, 3·38 0·141 1·77 1·18, 2·64 <0·001 1·31 0·86, 2·00 0·215
Diseases of the respiratory system 5·16 3·40, 7·84 <0·001 2·19§ 1·30, 3·70 0·003 1·92 1·38, 2·66 <0·001 1·49§ 1·07, 2·09 0·020
∙ Pneumonia 3·12 1·56, 6·22 0·001 2·55§ 1·51, 4·31 <0·001 1·99 1·26, 3·16 0·003 1·57§ 1·12, 2·20 0·009
∙ COPD 6·55 3·19, 13·44 <0·000 1·63 0·88, 3·01 0·118 2·28 1·27, 4·08 0·006 1·50 0·60, 3·80 0·388
∙ Diseases of the respiratory system, excluding pneumonia and COPD 7·93 4·09, 15·36 <0·001 5·33§ 2·38, 11·97 <0·001 2·07 1·17, 3·68 0·012 1·83§ 1·01, 3·29 0·042
Diseases of the digestive system 3·91 1·98, 7·72 <0·001 2·11 0·91, 4·94 0·084 1·64 0·98, 2·75 0·059 1·43 0·83, 2·45 0·201
Diseases of the genitourinary system 2·97 1·62, 5·42 <0·001 3·13§ 1·53, 6·37 0·002 1·20 0·77, 1·86 0·420 1·15 0·73, 1·81 0·548
Symptoms, signs, and abnormal clinical and laboratory findings, not classified

elsewhere
5·18 3·53, 7·60 <0·001 2·23§ 1·38, 3·58 0·001 1·82 1·35, 2·46 <0·001 1·43§ 1·05, 1·96 0·024

Injury, poisoning and certain other consequences of external causes 5·22 2·16, 12·64 <0·001 1·98 0·82, 6·74 0·688 2·67 1·37, 5·22 0·004 2·05§ 1·02, 4·11 0·044
External causes of morbidity and mortality 3·59 1·64, 7·88 0·001 1·71 0·67, 4·46 0·269 2·10 1·21, 3·66 0·009 1·85§ 1·03, 3·32 0·041

COPD, chronic obstructive pulmonary disease.
* Reference category is well nourished (n 628).
† Adjusted for age, sex, BMI, BMI ×BMI, current smoking, number of medications, overnight fast >11h, living situation (lives alone, cohabits or nursing home), diagnoses at baseline and the Charlson co-morbidity index.
‡ Main diagnostic groups according to the International Statistical Classification of Diseases and Related Health Problems, Tenth Revision; subcategories are marked with a bullet. Multiple causes of death were analysed.
§ Adjusted HR with significant associations.
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had led to malnutrition or whether malnutrition preceded the
diseases. However, the multivariate Cox regression analyses
remained significant after controlling for the diagnoses and the
Charlson co-morbidity index at baseline. After adjustment for
potential confounders, the association between malnutrition
and death due to certain infectious and parasitic diseases, heart
failure, cerebrovascular disease and disease of digestive system
disappeared. Given the strong reduction in the magnitude of
the effect estimates, it is likely that some of the confounding
factors included in the adjusted regression models explain
this effect.

Comparison with other studies

This is the first study to demonstrate an association between
malnutrition defined by the MNA and cause-specific mortality
among older adults. Previous studies have investigated the
relationship between malnutrition and all-cause mortality(9),
and have concluded that malnutrition can predict preterm
death(14). An Italian study found an association between
malnutrition according to the screening instrument GNRI and
cardiovascular mortality in older adults in long-term care
settings (mean age of 84·6 years)(15), which was slightly older
than the population of the present study. However, no
association between malnutrition assessed with the MNA and
cause-specific mortality was found. One possible explanation
for the differences between these two studies is that our
study had a higher number of deceased participants (n 839)
compared with the Italian study (n 297), and consequently
more events in the other causes of death categories.
BMI is included as an item when screening for malnutrition

with the MNA(2,13), and a low BMI (<22kg/m2) could be an
indicator of malnutrition. Previous studies have found a U-shaped
relationship between BMI and all-cause mortality(14,28), with an
optimal BMI of 29·6kg/m2 for overall survival(14).
However, the ESPEN guidelines for nutritional screening do

not recommend the use of only a low BMI to detect malnutrition
and survival prospects, because it could lead to massive
underdiagnosis, as the BMI in all populations worldwide is
increasing as a result of the obesity epidemic(1,12). In the present
study, 19·7% of the 1771 participants had a BMI <22 kg/m2,
which is considerable fewer than the 55·1% who were assessed
as risk of malnutrition with the MNA. To assess risk of
malnutrition in older adults, ESPEN guidelines state that BMI in
combination with weight loss and decreased food intake should
be included in all screening instruments(12).
The results of the present study that malnourished participants

had double the risk of respiratory disease mortality is supported
by a study from the UK, which examined cause-specific mortality
in older adults according to BMI in 4862 old- and middle-
aged (40–69 years) male civil servants. Those with the lowest
BMI (<22·7kg/m2) had double the risk of respiratory disease
mortality(27). Further, in the present study, malnourished
individuals (mean BMI 21·2kg/m2) had double the risk of
cardiovascular mortality. On the contrary, in the UK study, those
with the highest BMI (>26·1kg/m2) had double the risk of
cardiovascular mortality(27). This difference could be explained by
the different populations examined. The present study included

unhealthy older adults, where a high BMI could have a cardio-
protective effect(29). On the contrary, the UK population included
healthy middle-aged people(27), and in this population obesity is
associated with higher risk of CVD(30). Previous studies support
the premise that once a chronic disease of some kind is present,
overweight and even obesity have a protective effect against
mortality. A prospective cohort study of patients with or at high
risk of atherosclerosis (n 54 285) found that underweight patients
(BMI< 18kg/m2) had the highest risk of both all-cause and car-
diovascular mortality, whereas obese patients (BMI>35kg/m2)
had the lowest mortality risk at follow-up after 4 years(29). How-
ever, also in healthy older adults (mean age 72 years old), those
with a BMI corresponding to overweight (BMI 25·0–29·9kg/m2)
had the lowest risk of both all-cause mortality and respiratory,
cardiovascular and cancer mortality(31). This is in line with the
present study, demonstrating increased mortality in all the
aforementioned causes of death in malnourished individuals.

In summary, the present study found an association between
malnutrition and cardiovascular, respiratory and cancer mortality
and further that the association with malnutrition extends to most
causes of death in older adults. These results are supported by
previous studies that have found an association between nutri-
tional risk and cardiovascular mortality(15) and a low BMI and
respiratory disease mortality(27,31), cardiovascular mortality(29,31)

and cancer mortality(31).

Conclusion and clinical implications

The results from the survival analyses clearly demonstrate that,
irrespective of the underlying diseases the individuals have,
malnutrition and risk of malnutrition have profound effects on
survival. The MNA screening instrument could identify those with
worse survival prospects related to malnutrition and risk of
malnutrition, which suggests that this instrument is useful in
clinical practice. Therefore, nutritional screening should be
performed as a routine in all older adults to identify those who
may require nutritional support in order to help avoid preterm
death. Even though it is not yet established which nutritional
intervention is most efficient to prevent or treat malnutrition, and
to whom these interventions should be targeted(32,33), the present
study clearly demonstrates that it is important that these
individuals are identified. These results may support further
studies to establish effective interventions against malnutrition in
older adults.
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