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Nutritional status and survival among old adults: an 11-year
population-based longitudinal study
B Shakersain1, G Santoni1, G Faxén-Irving2, D Rizzuto1, L Fratiglioni1,3 and W Xu1,4

BACKGROUND/OBJECTIVES: The impact of nutritional status on survival among community-dwelling older adults is unclear.
We aimed to investigate the prevalence and association of poor nutritional status, including malnutrition and risk for malnutrition
defined by the Mini-Nutritional Assessment-Short Form (MNA-SF) with survival, and to explore the role of relevant biomarkers
(hemoglobin, albumin and C-reactive protein) in this association.
SUBJECTS/METHODS: This study included 3041 participants aged ⩾ 60 in the Swedish National study on Aging and
Care-Kungsholmen. On the basis of the total score in MNA-SF, nutritional status for each participant was assessed as normal
(score 12–14), risk for malnutrition (8–11) or malnutrition (o8). Over an 11-year follow-up, survival status was observed. Data were
analysed using logistic regression, flexible parametric survival and Laplace models.
RESULTS: Of all the participants, 51 (1.7%) had malnutrition and 751 (24.7%) were at risk for malnutrition. The multi-adjusted
hazard ratio (95% confidence interval) of mortality was 2.40 (1.56− 3.67; Po0.001) for malnutrition and 1.49 (1.29− 1.71; Po0.001)
for risk for malnutrition. The median ages at death of participants with malnutrition and risk for malnutrition were ~ 3 and 1.5 years
shorter than those with normal nutritional status, respectively, whereas malnutrition or risk for malnutrition together with abnormal
biomarker (hemoglobin and albumin) levels was related to 1 year more shortened survival.
CONCLUSIONS: Malnutrition and risk for malnutrition are highly prevalent and significantly associated with a shorter survival. Poor
nutritional status in combination with abnormalities in the biomarkers is associated with even more shortened survival.
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INTRODUCTION
Malnutrition is generally defined as adverse health outcome due
to an imbalance between the intake of different nutrients and
physiological requirements.1 Today malnutrition in developed
countries mainly implies disease-related undernutrition.1 Because
various physiological and psychological alterations in older ages
may lead to decreased hunger, insufficient food intake and
metabolic inefficiency, impaired nutritional status is becoming
increasingly common among older adults.2,3 This condition may
be present before disease manifestation; however, it is frequently
unrecognized.4

Prevalence of malnutrition is generally higher among older
adults at health care facilities than in the community.5,6 In a
combined data set including 4507 participants from 12 countries
(80.6% of the data is from Europe), the average prevalence was
~ 22.8%, ranging from 5.8% in the community to 50.5% in clinical
settings.6 Malnutrition may adversely affect disease prognosis and
delay recovery, leading to early death in older populations.7

Different nutritional assessment tools have been used to identify
people at risk for malnutrition. Several clinical studies using the
Mini Nutritional Assessment (MNA) tool in older adults have
reported an association between malnutrition and increased
mortality among hospitalized elderly patients.8,9 However, fewer
population-based studies using the same assessment tool in
community elderly populations have suggested that malnutrition
is associated with mortality.10,11

In recent years, the Mini-Nutritional Assessment-Short Form
(MNA-SF), as a nutritional risk screening tool, has been widely used
to detect malnutrition and risk for malnutrition among elderly
people.12 Besides, as no diagnostic tool has proven conclusive in
the diagnosis of malnutrition, biochemical measurements such as
serum albumin (Alb) and inflammatory markers have been
suggested to help identify malnutrition, though these biomarkers
are more likely to reflect the health than nutritional status.2

To date, no long-term population-based longitudinal studies have
examined the association between nutritional status and survival
taking biochemical measures into account among older commu-
nity dwellers. This assessment of biomarkers could help in
prioritizing the clinical care needed after nutritional risk screening.
In the present study, we aimed to: (1) investigate the prevalence
of malnutrition and risk for malnutrition defined by the MNA-SF
among the Swedish older adults; (2) confirm the association of
nutritional status with survival; and (3) explore the role of relevant
biomarkers (hemoglobin (Hb), Alb and C-reactive protein (CRP)) in
this association.

MATERIALS AND METHODS
Study population
The study population was derived from the Swedish National study on
Aging and Care-Kungsholmen (SNAC-K), an ongoing longitudinal study
that is one of four subprojects of the Swedish National study on Aging and
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Care.13 The SNAC-K study population consists of a random sample of
individuals aged ⩾ 60 years living at home or in institutions in the
Kungsholmen district of Stockholm. The sampling was stratified by age
and year of assessment. A total of 5111 persons were initially selected for
participation, of which 200 were deceased, 262 unreachable, 32 had
moved, 23 could not speak Swedish and 4 were deaf. Of the 4590 living
eligible persons, 1227 refused to participate. The remaining 3363
participants (73.3%) underwent baseline examinations during March
2001 and June 2004. Out of the 3363 participants, 322 persons had
missing information on at least one of the MNA-SF items, leaving 3041
persons for the current analyses.
SNAC-K was approved by the Ethics Committee at Karolinska Institutet

and the Regional Ethical Review Board in Stockholm. Written informed
consent was collected from the participants at baseline, or, if the
participant had cognitive impairment, from a proxy (for example, a close
family member).

Data collection
The baseline survey included collection of information about present
status and past events through interviews, clinical examinations and tests
by trained staff following a structured protocol (available at http://www.
snac.org). The interviews covered demographic data, socioeconomic
status, living arrangement, physical functioning and use of medical and
social care facilities.
During the baseline nurse interview, the highest level of formal

education was recorded as one of the three categories: elementary school,
high school or university. Living arrangement was defined on the basis of
participants’ living situations and categorized as living at home with
someone, living at home alone or living in an institution.
Data on chronic diseases, including vascular disorders (hypertension,

stroke and heart diseases including heart failure, coronary heart disease
and arrhythmia), diabetes and cancer were ascertained based on clinical
examinations, self-reported medical histories, medications use and the
Swedish inpatient registry that covers all hospitalizations in Sweden since
1969. The ninth and tenth revisions of the International Classification of
Diseases (ICD-9 and ICD-10) were used in the registry. Global cognitive
functioning was tested using the Mini-Mental State Examination (MMSE).14

Weights and heights were measured with a standard scale in light clothing
and no shoes.
Blood samples were taken from the participants for laboratory tests. Hb

was measured using the Sodium Lauryl Sulphate method (Sysmex XE-5000,
Sysmex Corp., Kobe, Japan); serum Alb was measured by Bromcresol Purple
dye method (DXC800, Beckman Coulter, Brea, CA, USA); and CRP was
measured by a turbidimetric method (DXC800, Beckman Coulter). Hb levels
were dichotomized according to the World Health Organization criteria for
the diagnosis of anemia (Hb concentration o130 g/l in men and o120 g/l
in women).15 Hypoalbuminemia was defined as Alb concentrations o37 g/
l.16 CRP levels were divided into three groups: normal (0–5mg/l, lab
reference value), high (6–20mg/l) and very high (420mg/l) according to its
distribution.

Assessment of nutritional status
Nutritional status of each participant was assessed using the MNA-SF,
which is a six-item nutritional risk assessment questionnaire that was
developed and validated specifically for old people.5,17 The MNA-SF
considers: (1) decline in food intake during the last 3 months (score 0–2);
(2) weight loss during the last 3 months (score 0–3); (3) mobility (score
0–2); (4) psychological stress or acute diseases in the last 3 months (score 0
or 2); (5) psychological problems (that is, dementia and depression; score
0–2); and (6) body mass index (score 0–3). Possible total MNA-SF scores
range between 0 and 14. On the basis of the total score, the nutritional status
for each participant was defined as normal (score of 12–14), risk for
malnutrition (score of 8–11) or malnutrition (score of o8).17 Details on the
MNA-SF components assessment is presented in the Supplementary Text File.

Ascertainment of death during the 11-year follow-up
For all participants, death certificates from the Swedish Cause of Death
Register at the National Board of Health and Welfare were used to
ascertain deaths from the baseline survey (27 August 2001) until 15
October 2012. It is estimated that 93% of all deaths in Sweden are reported
within 10 days, and 100% are reported within 30 days.18

Statistical analyses
Characteristics of the participants by nutritional status were compared
using Chi-square or Fisher’s exact tests for categorical variables and Mann–
Whitney test for continuous variables with non-normal distributions.
Standardized estimates of prevalence were calculated by the direct
method based on the age- and sex-specific structure of the adult
population aged ⩾ 60 years in the Kungsholmen area in 2001 (65.6%
women and 34.4% men). Multinomial logistic regression models were used
to assess the indicators (age, sex, education, living arrangement and
biomarkers) of nutritional status (normal nutritional status was used as the
reference group).
Flexible parametric survival models were used to estimate hazard ratios

(HR) and 95% confidence intervals (CI) for the associations between
nutritional status and mortality rates. Potential statistical interactions
between age, sex, education and nutritional status in predicting mortality
rates were examined by incorporating the independent variables and
cross-product terms in the same model. Moreover, we evaluated the
association between mortality and the combination of nutritional status
and biomarkers levels. The variables of biomarkers were coded as having
normal or having at least one low biomarker level. A dummy variable was
created based on every possible combination of the two variables, and
people with normal nutritional status and normal biomarkers level were
used as reference group. In this categorization, as the number of
malnourished participants in the very high CRP group was very low
(n=5), only Hb and Alb levels were considered. To provide a time
dimension to the combined association between nutritional status and
biochemical markers, we used Laplace regression to model the median
survival time.19,20

Because the youngest (60–66 years old) and the oldest (⩾90 years) age
groups in SNAC-K were oversampled, the sampling weight method with
age group stratification was used to weight each age group sample back
to the original population from which the samples were drawn. The
weighted variable was created as the number of people in each age strata
in the original population divided by the number of individuals in relevant
age strata in the study sample. Probability weight was used in the analyses.
Additional statistical analyses are presented in the Supplementary Text

File. All the statistical analyses were performed using Stata SE 12 for
Windows (StataCorp, College Station, TX, USA).

RESULTS
Characteristics of the study population and prevalence of poor
nutritional status
Of the 3041 participants at baseline, 1933 (63.6%) were women
and 1108 (36.4%) were men. The mean age (s.d.) of the population
was 73.7 (10.7) years. Among all the participants, 51 (1.7%) had
malnutrition and 751 participants (24.7%) were at risk for
malnutrition. Participants at risk for malnutrition and those with
malnutrition were more likely to be women, older, less educated,
living alone or in an institution, and to have poorer functional and
health conditions compared with those having a normal nutri-
tional status (Table 1). Weighted prevalence of malnutrition in the
study population was 1.9% (0.7% in men and 2.6% in women) and
of risk for malnutrition was 26.1% (21.3% in men and 28.6% in
women). Figure 1 shows the weighted prevalence of malnutrition
and risk for malnutrition by age groups.
In multivariable multinomial logistic regression, old age (80–89,

OR (odds ratio) 1.72, 95% CI: 1.39− 2.13 and ⩾ 90, OR 3.52, 95% CI:
2.71− 4.57), living alone (OR 1.81, 95% CI: 1.47− 2.22) and living in
an institution (OR 4.71, 95% CI: 2.42− 9.13) were independently
associated with increased odds of poor nutritional status.
Table 2 shows the association of biomarkers with malnutrition

and risk for malnutrition. Anemia, hypoalbuminemia and very high
CRP (420mg/l) were significantly related to both malnutrition
and risk for malnutrition (Table 2). The sensitivity and specificity of
low Hb, low Alb and high CRP in predicting poor nutritional status
were 46 and 77% for Hb, 43 and 76% for Alb, and 48 and 75% for
CRP, respectively.
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Nutritional status, all-cause mortality and survival
During the 11-year follow-up period (24 575.4 person-years;
median per person = 9.1 years; maximum=11.6 years), 1073
participants (35.3%) died. Of them, 680 (63.4%) were women.
Age-, sex- and education-standardized mortality rates (per 1000
persons-years) in different nutritional status groups are shown in
Table 3. After adjusting for age, sex, education and living
arrangement, the mortality rates for people with malnutrition
and at risk for malnutrition were 1.5-fold and 3.4-fold higher than
those with normal nutritional status, respectively (Table 3). There
were no statistically significant interactions of age, sex and
education with poor nutritional status on mortality in flexible
parametric survival analysis (P ranged between 0.411 and 0.979).
In Laplace regression analysis, the median age at death for

participants with malnutrition was about 3 years shorter than
those with normal nutritional status (difference in median age at
death − 2.75, 95% CI: − 4.67 to − 0.83, P= 0.005) and almost 1.5
years shorter for those at risk for malnutrition (−1.48, 95% CI:
− 1.84 to − 1.11, Po0.001) after adjustment for age at baseline.

Table 1. Baseline characteristics of the study population by nutritional status (n= 3041)a

Characteristics Normal (n= 2239) Risk for malnutrition (n=751) Malnutrition (n= 51) P

Age, years
60–69 1038 (46.4) 219 (29.2) 4 (7.9)
70–79 687 (30.7) 192 (25.6) 7 (13.7)
80–89 365 (16.3) 173 (23.0) 15 (29.4)
⩾ 90 149 (6.6) 167 (22.2) 25 (49.0) o0.001

Sex
Men 875 (39.1) 225 (30.0) 8 (15.7)
Women 1364 (60.9) 526 (70.0) 43 (84.3) o0.001

Education
University 757 (33.8) 190 (25.4) 4 (7.8)
High school 957 (42.7) 317 (42.3) 25 (49.0)
Elementary school 525 (23.5) 242 (32.3) 22 (43.2) o0.001

Living arrangement
At home with someone 1112 (49.9) 224 (29.9) 6 (11.8)
At home alone 1105 (49.5) 486 (64.8) 37 (72.5) o0.001
In an institution 14 (0.6) 40 (5.3) 8 (15.7) o0.001

Vascular disordersb 1782 (79.7) 599 (80.0) 44 (88.0) 0.346
Diabetes 767 (35.2) 250 (35.5) 10 (23.3) 0.260
Cancer 146 (6.5) 55 (7.3) 7 (13.7) 0.109
MMSE 29 (28, 30) 29 (26, 30) 26 (19, 29) o0.001
BMI (kg/m2) 25.8 (23.9, 28.3) 22.7 (20.6, 26.3) 18.8 (17.0, 20.1) o0.001
ADL dependencyc 55 (2.5) 85 (11.3) 22 (43.1) o0.001

Hemoglobin (g/l)
In men 147 (140, 153) 140 (132, 149) 129 (114, 136) o0.001
In women 135 (129, 141) 133 (125, 139) 124 (116, 132) o0.001

Anemiad 149 (6.8) 111 (15.9) 14 (32.6) o0.001
Albumin (g/l) 42 (40, 44) 41 (39, 43) 39 (36, 42) o0.001
Hypoalbuminemiae 115 (5.3) 73 (10.5) 12 (27.9) o0.001

C-reactive protein (mg/l)
0–5 1739 (81.1) 539 (78.5) 27 (64.3)
6–20 372 (17.3) 122 (17.7) 10 (23.8)
420 34 (1.6) 26 (3.8) 5 (11.9) o0.001

Abbreviations: ADL, activities of daily living; BMI, body mass index; MMSE, Mini-Mental State Examination. aNutritional status was defined by the Mini
Nutritional Assessment-Short Form as normal (score of 12–14), risk for malnutrition (score of 8–11) or malnutrition (score of o8). bIncluding hypertension,
stroke and heart diseases (that is, heart failure, coronary heart disease and arrhythmia). cDefined as having one or more dependency in ADL. dHemoglobin
concentration o130 g/l in men and o120 g/l in women. eAlbumin concentrations o37 g/l. Data are n (%) for categorical variables and median (interquartile
range) for continuous variables. Numbers of missing values were 2 for education, 9 for living arrangement, 5 for vascular disorders, 113 for diabetes, 5 for
MMSE, 163 for BMI, 117 for hemoglobin, 124 for albumin and 167 for C-reactive protein.
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Figure 1. Age-specific weighted prevalence of malnutrition and risk
for malnutrition, defined by the Mini Nutritional Assessment-Short
Form in SNAC-K baseline (2001–2004; n= 3041). Risk for malnutri-
tion: n= 751; malnutrition: n= 51.
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Role of biomarkers in the association between nutritional status
and survival
Figure 2 shows the adjusted median age at death for people with
different combination of nutritional status and biomarkers levels
based on Laplace regression analysis. Compared with people
having both normal nutritional status and normal levels of
biomarkers, people with malnutrition or at risk for malnutrition
and low level of any biomarker had on average 4 (difference in
median age at death: − 4.31, 95% CI: − 5.34 to − 3.27, Po0.001)
and 2.5 (difference in median age at death: − 2.49, 95% CI: − 3.15
to − 1.83, Po0.001) years younger age at death, respectively.

DISCUSSION
In this large-scale population-based longitudinal study of older
adults, we found that: (1) the prevalence of malnutrition was 1.7%
and the prevalence of the risk for malnutrition was 24.7%; (2)
during the 11-year follow-up, malnutrition and risk for malnutri-
tion were significantly associated with all-cause mortality and
shortened survival by 3 and 1.5 years, respectively; and (3) poor
nutritional status together with abnormal biomarker (Hb and Alb)
levels was related to even more shortened survival.
The prevalence of poor nutritional status defined on the basis of

MNA scores varies greatly in different countries, ranging from 0 to

26% for malnutrition, and 0 to 76% for risk for malnutrition among
community-dwelling older adults.21 In European countries, several
studies have reported that the prevalence of malnutrition was in the
range of 0 to 13% and the prevalence of risk for malnutrition was in
the range of 16 to 58%.21 In Sweden, a community-based study in
2009, on 258 old people aged 71 to 80 years living at home, showed
that the prevalence of malnutrition was 0.4% and the prevalence of
risk for malnutrition was 16%.22 Compared with these studies, our
study is a relatively larger community-based cohort of older people
with long-term follow-up, and the study population included people
with a wider age range living either at home or in institutions.
Results from our study confirm the high prevalence of poor
nutritional status among older adults, and underscore the
importance of nutritional risk screening in old age. As several studies
reported,23–27 we also found that old age, living alone and living in
an institution are related to poor nutritional status.
Malnutrition may negatively affect the health of older adults, as

it can reinforce the development of adverse outcomes. Malnutri-
tion can lead to increased infections occurrence, electrolyte
imbalances, altered skin integrity, anemia, weakness and fatigue,
which can result in increased morbidity, length of hospital stays,
functional disabilities and mortality.2 The association between
malnutrition and death has been reported in several studies of
elderly patient populations.9,28 In these studies, malnutrition was

Table 2. Odds ratios (ORs)a and 95% confidence intervals (CIs) of poor nutritional status by relevant biomarkers

Level of biomarkers Risk for malnutrition (n=751) Malnutrition (n= 51)

OR (95% CI) P OR (95% CI) P

Anemiab 1.86 (1.37–2.51) o0.001 3.35 (1.57–7.15) 0.002
Hypoalbuminemiac 1.52 (1.07–2.15) 0.019 3.57 (1.62–7.88) 0.002

C-reactive protein
0–5mg/l Reference Reference
6–20mg/l 0.96 (0.75–1.23) 0.737 1.17 (0.54–2.51) 0.692
420mg/l 2.23 (1.26–3.97) 0.006 5.44 (1.77–16.77) 0.003

aReference category of dependent variable is normal nutritional status. Models are adjusted for age, sex and education. bHemoglobin o130 g/l in men and
o120 g/l in women. cAlbumin o37 g/l. Missing values: 117 for hemoglobin, 124 for albumin and 167 for C-reactive protein.

Table 3. Standardized mortality (incidence rate per 1000 person-years), hazard ratios (HR) and 95% confidence intervals (CI) of 11-year all-cause
mortality in relation to nutritional status and combined biomarkers level in the SNAC-K (n= 3041)

Nutritional status Incidence rate (95% CI) HR (95% CI)a P

Normal 39.44 (36.16–42.37) Reference
Poor nutritional statusb 61.36 (54.79–67.93) 1.53 (1.34–1.76) o0.001
Risk for malnutrition 59.17 (52.59–65.74) 1.49 (1.29–1.71) o0.001
Malnutrition 132.95 (46.38–219.87) 2.40 (1.56–3.67) o0.001

Nutritional status in combination with biomarkersc

Normal nutritional status
Normal biomarker levels 34.33 (30.68–37.62) Reference
At least one low biomarker level 69.03 (54.79–83.27) 1.86 (1.52–2.28) o0.001

Poor nutritional status
Risk for malnutrition
Normal biomarkers levels 55.52 (46.02–65.38) 1.62 (1.37–1.91) o0.001
At least one low biomarker level 88.39 (42.37–134.41) 2.00 (1.54–2.59) o0.001

Malnutrition
Normal biomarkers levels 73.41 (4.38–142.81) 2.22 (1.19–4.13) 0.012
At least one low biomarker level 133.31 (51.13–215.86) 3.20 (1.62–6.33) 0.001

Abbreviation: SNAC-K, Swedish National study on Aging and Care-Kungsholmen. As the number of malnourished participants in the very high C-reactive
protein (CRP) group was very low (n= 5), CRP was not considered in this analysis. aAdjusted for age, sex, education and living arrangement. bCombined
malnutrition and risk for malnutrition states. cBiomarkers levels were categorized as: normal and at least one low biomarker level (hemoglobin o130 g/l in
men and o120 g/l in women, and/or albumin o37 g/l).
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associated with ~ 2-fold higher mortality rates within short follow-
up periods. Few population-based studies have examined this
association. A community-based study of 1170 Brazilian adults
aged ⩾ 60 years showed that poor nutritional status, especially
malnutrition, was associated with death during a 7-year follow-up
period.11 In another population-based study on 584 old women in
Sweden, malnutrition was associated with about two times higher
mortality during 10 years of follow-up.10 During an 11-year follow-
up period, we verified that malnutrition and even risk for
malnutrition were associated with elevated mortality and sig-
nificantly shortened survival.
Although the MNA was introduced and validated years ago

(1994),12,17 it has received new attention since the 2009 structural
revision that improved the form by decreasing the time burden on
both those who administer and those who respond to the
questionnaire.12 With regard to nutritional and inflammatory
biochemical makers, there are still debates about using these
biomarkers to assess nutritional status, as metabolic stress may
also affect their levels.29,30 They are, however, still considered
relative markers of chronic nutritional status.31–33 In our study,
poor nutritional status, defined by the MNA-SF, was significantly
associated with lower Hb and Alb and higher CRP indicating that
poor nutritional status detected by the MNA-SF could reflect some
biological alterations. Further, we found that poor nutritional
status together with the abnormalities in these markers was
related to more shortened survival suggesting that using MNA-SF
together with assessment of these biomarkers may better predict
survival in older adults.
The main strength of this study is its population-based

prospective design with a large sample of the Swedish older
adults, living either at home or in institutions providing a more
complete picture of nutritional status among the general elderly
population in an urban center in Sweden. Most of the information
(such as dementia and depression diagnosis) that was required for
the MNA-SF was gained from comprehensive clinical examinations
by physicians and structured interviews by nurses, therefore
potential information biases were limited. In addition, 11-year-
long survival status was observed for all the participants in this
study. However, some limitations need to be pointed out. First,
some of the items within the short MNA, such as food intake

decline and weight loss were scored based on self-reports.
However, in testing validation of the MNA-SF based on self-
reports, Rubenstein et al.17 have found a high diagnostic accuracy
(98.7%) of MNA-SF for predicting undernutrition among a sample
of European and US older populations (n= 881, 73.8% community
dwellers, mean age 76.4 years), as compared with clinically
assessed nutritional status. Second, 1227 refusers at baseline, and
322 participants with missing information on MNA-SF were
excluded. There was no difference in sex distribution between
participants and non-participants, but the non-participants were
on average slightly older.13As the prevalence of malnutrition
increases with age, our results might have underestimated the
association between poor nutritional status and survival. In
addition, unequal distribution of the missing values of biomarkers
among MNA-SF groups might have led to an underestimation of
the association between biomarker abnormalities and poor
nutritional status, and consequently the association with survival.
However, when the analyses were repeated including participants
with imputed values, the results did not differ substantially from
the initial analyses. Therefore, selection bias might not have a
significant role in the given associations. We acknowledge that
cautions are needed when generalizing the major findings from
this study. SNAC-K is a prospective study of community-based
cohorts, which includes individuals who have been living in a
geographically defined central area of Stockholm (Kungsholmen).
The study population is a random sample of the local general
population at the time the project started, and is representative of
the urban population in Sweden. Therefore, the major findings
from this study may be generalizable to populations aged ⩾ 60
living in Western societies with similar characteristics to Kungshol-
men population (that is, urban and well-educated). Finally, the
constant interactions between nutritional status and diseases in
old ages may make the nutritional assessment in these vulnerable
groups very challenging. Decreased food intake and weight loss
may be the consequence of acute or chronic conditions; while in
return, malnutrition state may boost the development of
physiological dysfunctions.21 Thus, the ‘pure’ effect of malnutrition
on mortality may not be clearly disentangled. In our study, the
association between poor nutritional status and mortality seems
to be independent of chronic diseases suggesting that subclinical
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Figure 2. Median age at death in six groups according to combinations of nutritional status and biomarker levels. Results were from Laplace
regression, adjusted for age, sex, education and living arrangement. Biomarker levels were categorized as: normal and at least one low
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changes may have a role in the association between poor
nutritional status and mortality.
In conclusion, our results confirm that the prevalence of

malnutrition and risk for malnutrition defined by MNA-SF, is high
among older adults, and may significantly shorten survival.
Biomarkers (such as Hb and Alb) may have an important role in
the association between nutritional status and survival. These
findings highlight the need for regular nutritional risk screening
for the timely detection and management of malnutrition and risk
for malnutrition in old age. Biochemical measures of nutritional
status could help in prioritizing the clinical care needed after
nutritional risk screening.
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