
Introduction

Type 2 diabetes mellitus (T2DM) is a metabolic disorder
characterized by hyperglycemia and insufficient secretion or
action of endogenous insulin (1). Patients with T2DM are
characterized by high adiposity and reduced fitness, which are
also important predictors of Health-related Quality of Life
(HRQoL) (2). Despite pharmacological strategies that can
modulate many of the factors associated with the disease,
T2DM-derived complications are common and have a
significant impact in  HRQoL, especially with respect to
physical function (3) and depression (4). As the prevalence of
T2DM is increasing within Europe (5), public health authorities
should encourage the urgent implementation of both clinical
and preventive intervention programmes to tackle the
associated health and economic burden of the disease. 

There is substantial evidence from multiple randomised
controlled trials indicating that T2DM can be improved or at
least controlled by lifestyle changes, including diet and physical
fitness (6, 7). It was reported that malnutrition is prevalent
among older adults with diseases such T2DM (8) affecting both
physical function and psychological wellbeing, both of which
are essential for satisfactory HRQoL (9). It is know that tissue
sensitivity to insulin can be influenced by diet (10), however,
tissue sensitivity to insulin (in addition to improvements in
glycemic control) has also been reported to be influenced by
improved function (11). It would be expected, therefore, to find
a relationship between nutritional status and functional status

among those with T2DM. However, despite the evidence
supporting lifestyle modifications to improve health outcomes
in this population group, few studies have examined the
relationship between nutritional status and functional status
among people with T2DM (12), or whether or not these
outcomes are related to HRQoL (13). The aim of this study
therefore was to explore the relationship between nutritional
status, functional capacity and HRQoL in older adults with
T2DM.

Method 

Participants and study design
A cross-sectional study was conducted. Patients were

recruited (between April 1 and June 30 2011) from a local
outpatient clinic (Seville, Spain). Out of 150 potentially eligible
participants, 65 volunteers with a diagnosis of T2DM gave their
written informed consent after receiving detailed information
about the aims and study procedures. Exclusion criteria were:
insulin dependency, history of cognitive impairment, severe
heart, liver or kidney disease.  In addition, those who answered
“yes” to any question on the Physical Activities Readiness
Questionnaire (indicating a possible contraindication for
physical fitness testing) (14) were also excluded from the study.
A total of 23 participants did not meet these criteria and were
excluded from the study, resulting in a study sample of 42
patients (aged 70.3 ± 7.0 years) (Figure 1). The study was
approved by the Ethics Committee of the University of Seville
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(Seville, Spain) and was conducted following the ethical
guidelines of the Declaration of Helsinki. 

Procedures and Outcomes measures 
Participants were assessed on two separate occasions, 48 h

apart. The first assessment consisted of questions on socio-
demographic variables including age,  gender as well as
determining clinical predictor characteristic variables and
health behaviours  [alcohol, activity patterns (measured with
the International Physical activity questionnaire (15)) and
smoking]. Participants’ weight, height, and waist and hip
circumference were measured and body-mass index (BMI;
kg/m2) and waist to hip ratio were calculated. Body-fat
percentage (BF %) was also estimated using a handheld
impedance analyzer (Omron BF-306, Omron Healthcare
Europe BV, Hoofddorp, The Netherlands) according to the
manufacturer´s instructions (16). Mid-arm and mid-calf
circumferences were also measured. The second part of the
evaluation included assessing functional capacity, HRQoL, and
a nutritional status assessment. The questionnaires and the
assessment of the clinical predictor characteristic variables
were performed by an experienced nurse who used these
evaluations as part as her routine care for patients with T2DM.
The functional capacity tests and the anthropometric
assessment were performed by a professional fitness instructor,
who had more than three years experience using the fitness
battery used in this study. Neither the nurse nor the fitness
instructors took part in the day to day running of the clinical
trial or analysis of outcomes.  

To assess functional capacity a battery of fitness tests
previously validated  in Spanish older adults, who were affected
by chronic diseases, was used (17). This battery included the
assessment of the lower body muscular strength by the 30-
second chair sit-stand test. Handgrip strength was evaluated by
means of a manual dynamometer (TKK, Tokyo, Japan). The
modified sit-and-reach test was used to measure the lower back
and hip joint flexibility. The flexibility of the upper extremities
was evaluated with a ‘back scratch test’. Single-leg static
balance was assessed with a “blind flamingo test” and the
functional reach test. Motor agility/dynamic balance was
assessed with the timed up and go test. Finally, to assess
cardiovascular fitness the six-min walk test (6MWT) was used. 

The EQ-5D-3L (18) assessed participants HRQoL. The EQ-
5D-3L includes five dimensions (mobility, personal care, usual
activities, pain/discomfort and anxiety/depression), each of
which has three levels (no problems, some problems, or
extreme problems/unable to), answers ranging from 1 to 3. The
juxtaposition of the levels for these five dimensions correlates a
to five-digit number, which reflect 243 possible health status
values. These health status values can be collapsed to a health
functional index or a ‘utility’, using time-trade off values
(EuroQolutility; 1=full functional quality of life, 0=death). The
EQ-5D-3L also includes a vertical 20-cm Visual Analogue
Scale (VAS) which is used by participants to rate their own

health between 0 (worst imaginable health state) and 100 (best
imaginable health state), thereby providing an overall numerical
estimate of their HRQoL (19).

The Mini Nutritional Assessment (MNA) tool was used to
assess the nutritional status of our participants (20, 21). The
MNA tool uses a scale ranging from 0 (the worst possible
nutritional status) to 30 (the best possible nutritional status).
The MNA tool has 18 items regarding food intake declination
(1); weight loss (2); mobility (3); psychological stress or acute
disease (4); neuropsychological problems (5); reduced BMI (6);
living independently (7); taking more than three drugs per day
(8); having skin ulcers (9); number of full meals per day (10);
protein intake (11); fruit or vegetables intake (12); fluid intake
(13); mood of feeding (14); self-reported nutritional status (15);
health-status when compare with people of the same age (16);
reduced mid-arm circumference (17) and calf circumference
(18). For all items, the lower value indicates a worse score.
Depending on the total MNA-score (sum of the items values),
participants were classified into three possible nutritional status
categories: well-nourished (MNA score > 24), at risk of
malnutrition (MNA score between 17 and 24) and
malnourished (MNA score < 17). 

Statistical Analysis
All statistical analyses were performed using the Statistical

Package for Social Sciences (SPSS, v. 15.0 for WINDOWS,
SPSS Inc., Chicago, IL, USA). Alpha value was set at .05 level
for all test performed. Data are presented as means ± standard
deviation (SD), unless otherwise stated. One-way ANOVA
with Bonferroni Post-Hoc test was performed to test the
different between the MNA-based groups concerning the body
composition variables. The association between nutritional
status, functional status, body composition variables and
HRQoL were analyzed using Spearman’s correlation
coefficients. Partial correlations adjusted for co-morbidity were
also performed. The level of relationship was determined based
on the recommendations of Cohen (22), a coefficient of
between 0.1 and 0.29 was considered low; a coefficient
between 0.3 and 0.49 were considered moderate and more than
0.5 was considered high. Additionally, we performed a linear
regression analyses between these variables to get a better
understanding of the associations identified.

Results

Table 1 outlines the socio-demographic characteristic, health
habits, clinical, functional status, HRQoL and nutritional status
of the participants in the study. Most participants reported that
they did not smoke (93%) or drink alcohol (80%). Fifty per cent
of participants reported a moderate physical activity level.
Furthermore, 90% of participants were identified as being at
risk of, or malnourished. 
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Table 1
Characteristics of  patients  with type 2 diabetes  (n=42)

Variable Value

Socio-demographic characteristics 
Age (years)* 70.31 (6.99)
Gender, women (%) 45.20

Health habits 
Smoking habit, no smoking (%) 92.90
Alcohol intake habit, no intake (%) 78.60

Clinic and health characteristics
Drugs intake (number per day)* 5.75 (2.50)
Illness (number)* 2.71 (1.20)
Blood glucose level (mg/dL)* 132.67 (25.10)
SBP (mmHg)* 149.75 (22.20)
DBP (mmHg)* 78.95 (16.95)
HR (bpm)* 74.06 (14.80)
Diabetes duration (years)* 7 (2.30)

Activity patterns (IPAQ)
Vigorous physical activity level (MET min/week)* 80.00 (365.96)
Moderate physical activity level (MET min/week)* 1188.57 (1273.50)
Walking physical activity level (MET min/week)* 2475.00 (7690.88)
Total physical activity level (MET min/week)* 3743.57 (7777.96)
Sedentary habit (time sited) (min/week)* 2292.85 (1006.48)
High physical activity level (%) 23.80
Moderate physical activity level (%) 52.40
Low physical activity level (%) 23.80

Functional capacity
Dominant-handgrip strength (Kg)* 27.45 (10.5)
Chair sit and reach (cm)* 18.26 (4.97)
Right-back scratch test (cm)* -9.28 (17.20)
Left-back scratch test (cm)* -11.51 (19.40)
Functional reach (cm)* 28.00 (6.30)
Chair sit-stand test (No. of stands)* 13.85 (2.90)
30-second eye-open, single-leg flamingo test (failures)* 2.41 (2.30)
TUG (second)* 9.48 (4.12)
6MWT (m)* 501.87 (110.50)

Health-Related Quality of Life (EQ-5D-3L)
Mobility, problems (%) 21.40
Personal care, problems (%) 9.50
Daily tasks, problems (%) 26.20
Pain/Discomfort, problems (%) 54.80
Anxiety/ Depression, problems (%) 52.40
EQ-5D-3Lutility (points)* 0.57 (0.30)
VAS (mm)* 71.08 (13.60)

Nutritional status (MNA)
MNA (points)* 19.97 (2.57)
Risk of malnutrition

Well-nourished n (%) 3 (7.1)
At risk of malnutrition n (%) 33 (78.60)
Malnourished n (%) 6 (14.30)

*: Values expressed as Mean (SD); SBP: Systolic Blood Pressure; DBP: Diastolic Blood
Pressure; HR: Heart Rate; IPAQ: International Physical Activity Questionnaire; Sedentary
habit: time seated per week; MET: metabolic equivalent; TUG: Time up and go test;
6MWT: 6-minute walking test; EQ-5D-3Lutility: utility index from Time trade off method
in the European Quality of Life Questionnaire (0 to 1 point); VAS: Visual Analogic Scale
from EQ-5D-3L questionnaire (0 to 100mm); MNA: mini-nutritional assessment tool (0 to
30).

Table 2 shows the anthropometric characteristics across the
different MNA-status groups. The “malnourished” group of
patients had a statistically significant decrease in their BMI
when compared with the patients allocated in the “at risk of
malnutrition” group (p= 0.009) and had greater waist to hip
ratio when compared to the “well-nourished” group of patients
(p=0.05). For patients in the “malnourished” group there was a
trend towards lower weight, and smaller mild-arm and calf
circumferences when compared to both the “well-nourished”
and “at risk of malnutrition” groups of patients; however, these
differences did not reach statistical significance.  There was a
correlation between BMI and MNA among participants (rho= -
.385, p=0.039), which remained after correction for co-
morbidity (rho= .389, p=0.041). A correlation between waist to
hip ratio and MNA was found only after performing the
correction for co-morbidity (rho= -.355, p=0.050).

Figure 1

Spearman´s correlation coefficients and partial correlations
between nutritional status (MNA) and physical-fitness in those
with T2DM demonstrated (table 3), a moderate positive
association between MNA-nutritional status and lower body
strength as assessed by the chair stand test (rho= .451; p=
0.037). This correlation held even when adjusted for co-
morbidity (rho= .431; p= 0.041). Despite the aforementioned
association, no statistical significant associations were found
between physical fitness tests and MNA-nutritional status.
Regression analyses performed (Figure 2) confirm the
moderate association between the lower limb strength and
MNA total score (R2= .12; p= 0.005). Moreover, a moderate
positive association was found between protein intake and fruit
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Table 2
Description of participants’ body composition variables  (n=42)

Body composition variables Total sample (n=42) Well-nourished (n=3) At risk of malnutrition (n=33) Malnourished (n=6) pa

Weight (Kg) 75.03 (11.99) 71.05 (28.68) 76.61 (10.98) 67.95 (9.34) 0.379
BMI (Kg/m2) 27.77 (6.60) 26.50 (4.68) 29.42 (3.94) 18.93 (12.86) 0.009
BF% 35.40 (7.40) 27.10 (4.68) 36.80 (7.63) 31.90 (1.18) 0.123
WHR 0.94 (0.09) 0.80 (0.14) 0.95 (0.09) 0.97 (0.05) 0.050
Mid-arm circumference (cm) 30.34 (8.7) 28.01 (4.68) 30.69 (3.08) 27.50 (2.38) 0.443
Calf circumference (cm) 36.12 (5.01) 36.02 (4.24) 36.63 (5.03) 34.25 (5.90) 0.670

Values expressed as Mean (SD); BMI: Body mass index;  BF%: Body-fat percentage WHR: Waist-to-hip ratio; pa: p value from one way ANOVA with Bonferroni post-hoc test (values
in bold: statistically significant differences were found between malnourished patients and those at risk of malnutrition  and between well-nourished patients and malnourished patients)
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and vegetable intake (items 11, and 12 of the MNA tool) and
the lower limb strength with a rho= .399; p= 0.004 and rho=
.415; p= 0.028 respectively. When the correlation was adjusted
by relevant co-morbidity these relationships held (rho= .315; p=
0.049 for item 11 and rho= .387; p= 0.042 for item 12) (Table
4). 

Figure 2

All EQ-5D-3L dimensions were associated with the MNA-
nutritional status (Table 3). A moderate negative relationship
was found between all EQ-5D-3L dimensions and MNA-
nutritional status (mobility, rho= -.315, p<0.001; personal care,
rho= -.316, p=0.005; daily tasks, rho= -.378, p=
pain/discomfort, rho= -.329, p<0.001). A strong negative
relationship between anxiety/depression EQ-5D-3L dimension
and MNA-nutritional status, was found (rho= -.533, p<.001).
Also, a strong positive relationship between EQ-5D-3Lutility
and MNA-nutritional status (rho= .553, p<0.001) and between
EQ-5D-3LVAS and MNA-nutritional status (rho= .402,
p<0.001) was reported. With the exception of the personal care
dimension and the EQ-5D-3LVAS, the relationship was also
maintained after adjusting the correlation analysis for co-
morbidity. Regression analyses (Figure 2) confirmed this
relationship (R2= .20; p= 0.004). Results from the correlation
analysis between the items from the MNA and the five
dimensions from the EQ-5D-3L are also presented in Table 4.  

Table 5 demonstrates spearman´s correlation coefficients
and partial correlations (adjusted for co-morbidity) between
functional status and HRQoL. Lower body strength was
moderately (anxiety/depression, rho= -.496, p=0.037 and EQ-
5D-3Lutility, rho= .464, p=0.014) to highly (mobility, rho= -
.581, p<0.001; personal care, rho= -.701, p<0.001;
pain/discomfort, rho: -.572, p<0.001 and VAS, rho=638,
p<0.001) associated with all dimensions of EQ-5D-3L, with the
exception of the daily tasks dimension. There was a strong
negative relationship between cardiorespiratory fitness and
some HRQoL dimensions (mobility, rho=.-916, p<.001 and
personal care, rho= -.922, p=0.041). Finally dynamic balance
was correlated with HRQoL (mobility, rho= -.598, p<.001;
pain/discomfort, rho= -.572, p=.005; anxiety/depression, rho= -

.496, p=0.034, EQ-5D-3Lutility, rho= .414, p=0.023 and VAS,
rho= .538, p<0.001). After adjusting the correlation analysis for
relevant co-morbidity, these relationships were maintained in
most cases.  

Table 3
Spearman´s correlation coefficients and Partial correlations

(adjusted by co-morbidity) between nutritional status assessed
with MNA tool and functional capacity or EQ-5D-3L-Health-
Related Quality of Life in the type 2 diabetic patients  (n=42) 

Functional capacity variables MNA
Dominant-handgrip strength (Kg) .142
Chair sit and reach (cm) -.068
Right-back scratch test (cm) -.107
Left-back scratch test (cm) .128
Functional reach (cm) -.303
Chair sit-stand test (No. of stands) .451*a

30-second eye-open single-leg flamingo test (failures) .176
TUG (second) -.245
6MWT (m) .582
Health-Related Quality of life (EQ-5D-3L)
Mobility -.315*b

Personal care -.316*
Daily tasks -.378*c

Pain/Discomfort -.329*d

Anxiety/ Depression -.533**e

EQ-5D-3Lutility (points) .553**f

VAS (mm) .402*

TUG: Time up and go test; 6MWT: 6-minute walking test; EQ-5D-3Lutility: utility index
from Time trade off method in the European Quality of Life Questionnaire (0 to 1 point);
VAS: Visual Analogic Scale from EQ-5D-3L questionnaire (0 to 100mm); MNA: mini-
nutritional assessment tool (0 to 30 points); *p<.05; ** P<0.01; a. Partial correlation is
significant at p<0.05 (r= .431); b. Partial correlation is significant at p<0.05 (r= -.294); c.
Partial correlation is significant at p<0.05 (r= -.359); d. Partial correlation is significant at
p<0.05 (r= -.432); e. Partial correlation is significant at p<0.05 (r= -.441); 
f. Partial correlation is significant at p<0.01 (r= -.434)

Discussion  

Although the risk of malnutrition and inactivity is expected
to be more prevalent in elderly than in younger adults, it  is also
an important consideration when a disease such as diabetes is
present (23). For older adults with T2DM,  regular physical
activity and a correct diet could result in better disease control
and an increase in HRQoL. Unfortunately, little is known
regarding the relationship between these outcomes among this
population group. Therefore the aim of the current study was to
gain a better understanding of the relationship between
nutritional status, HRQoL and functional capacity among 60-83
older adults with T2DM. 

The main finding of our study was that MNA-nutritional
status was associated with both EQ-5D-3L-HRQoL dimensions
and lower limb strength in T2DM subjects. One of the novel
aspects of this study was that we assessed the relationship
between these outcomes in the same group of patients, giving a
better understanding of these outcomes in T2DM patients. 

Our results show a trend to reduction in the most of the
important anthropometric measurements for nutritional status
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determination (24), thus supporting the relationship found
between BMI or waist to hip ratio and the MNA-score within
our group of patients (25).  However, the fact that most patients
were in the “at risk of malnutrition” group, along with the small
sample size (i.e. few patients in the other two groups), meant
that it was unlikely that differences would be found in other
anthropometric measurements. Moreover, it should also be

remembered that the MNA is a global nutritional assessment
tool, thus covering all areas of nutritional evaluation. 

Functional capacity of those with T2DM appears to be
reduced when compared with those without T2DM (26, 27),
our results regarding related variables are similar to those found
in previous studies.  Ozdirenc et al. (26) compared 30 adults
withT2DM to 30 adults without T2DM and found a decrease in
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Table 4
Spearman´s correlation coefficients and Partial correlations (adjusted for co-morbidity) between nutritional status assessed with

MNA tool (items) and EQ-5D-3L-Health-Related Quality of Life dimensions or lower limb strength in  patients  
with type 2 diabetes  (n=42)

Health-Related Quality of life dimensions (EQ-5D-3L)
MNA Items Mobility Personal care Daily Tasks Pain/Discomfort Anxiety/Depression Lower Limb Strength

MNA1 -.335*a ns ns -.360*f ns ns
MNA2 ns ns ns ns ns ns
MNA3 -.215* ns -.379* ns ns ns
MNA4 ns ns ns ns ns ns
MNA5 ns ns ns ns -.543*f ns
MNA6 ns ns ns ns ns ns
MNA7 ns ns ns ns ns ns
MNA8 ns ns ns ns ns ns
MNA9 -.417** -.472** -.594*c ns ns ns
MNA10 ns ns .308*d ns ns ns
MNA11 -.500** -.337* ns ns ns .399*g

MNA12 ns ns ns ns ns .415*h

MNA13 ns ns -.334* .-416** ns ns
MNA14 ns ns -.340*e ns -.428** ns
MNA15 ns ns -.390* ns ns ns
MNA16 -.344* -.490*b -.604* -.422** ns ns
MNA17 ns ns ns ns ns ns
MNA18 ns ns ns ns ns ns

*p<0.05; **p<0.01; Values in bold denote that only a partial correlation exists; a. Partial correlation is significant at p<0.01 (r= -.775); b. Partial correlation is significant at p<0.05 (r=
.490); c. Partial correlation is significant at p<0.05 (r= -.594); d. Partial correlation is significant at p<0.05 (r= -.497); e. Partial correlation is significant at p<0.05 (r= -.736); f. Partial
correlation is significant at p<0.01 (r= -.432); g. Partial correlation is significant at p<0.05 (r= .315); h. Partial correlation is significant at p<0.05 (r= .387)

Table 5
Spearman´s correlation coefficients and Partial correlations (adjusted by co-morbidity) between functional capacity and Health-

Related Quality of Life assessed with EQ-5D-3L in patients  with type 2 diabetes (n=42) 

EQ-5D-3L dimensions
Functional capacity variables Mobility Personal care Daily Tasks Pain/Discomfort Anxiety/ EQ-5D-3Lutility VAS

Depression

Dominant-handgrip strength (Kg) -.253 -.398*a -.290 -.379* .003 -.208 -.176
Chair sit and reach (cm) -.068 -.339 .154 .051 -.202 .153 .423
Right-back scratch test (cm) .100 .240 .006 .081 .266 -.409* -.196
Left-back scratch test (cm) -.143 .039 -.316 -.373 .075 .038 -.169
Functional reach (cm) .189 .378 .030 .040 .204 -.222 .219
Chair sit-stand test (No. of stands) -.581**b -.701**c -.406 -.572**d -.496* .464* .638**e

30-second eye-open single-leg -.086 -.139 .282 .511* .085 -.213 .024
flamingo test (failures)
TUG (second) .598**f .417 -.406 -.572** -.496* .414* .538**
6MWT (m) -.916**g -.922* -.916 -.911 -.679 .924 -.834

TUG: Time up and go test; 6MWT: 6-minute walking test; EQ-5D-3Lutility: utility index from Time trade off method in the European Quality of Life Questionnaire (0 to 1 point); VAS:
Visual Analogic Scale from EQ-5D-3L questionnaire (0 to 100mm); *p<0.05; **p<0.01; a. Partial correlation is significant at p<0.05 (r= -.364); b. Partial correlation is significant at
p<0.05 (r= -.560); c. Partial correlation is significant at p<0.05 (r= -.653); d. Partial correlation is significant at p<0.05 (r= -.478); e. Partial correlation is significant at p<0.05 (r= .536); 
f. Partial correlation is significant at p<0.05 (r= .532); g. Partial correlation is significant at p<0.05 (r= -.907)
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lower body strength, balance and cardiorespiratory fitness in
those with T2DM. Ijzeman et al. also confirmed decreased
lower limb strength and impaired mobility in patients with
T2DM with polyneuropathy (27). Similar impairments may be
a possible explanation for the lower functional capacity
reported by our participants, which has been also reported to
play an important role in HRQoL among T2DM patients (9). 

Previous work has identified many dietetic problems in older
adults with T2DM (28, 29) and our finding on nutritional status
(85.7% at risk of being malnourished) support this previous
work. In this specific population, malnutrtional status is related
to the glycemic control, such the glycemic index of nutrients
(28, 29) or reduced Zinc and Vitamin C levels (30). The poor
nutritional status exhibited by those with T2DM is a barrier to
gaining muscle tissue and strength, which may be also related
to poor insulin tissue sensitivity (10). This could be, at least in
part, a possible explanation for the relationship found between
nutritional status and lower body muscle strength in our
subjects, and supported by our MNA item by item correlation
analysis, were a poor diet (MNA items 11 and 12) seems to be
related to  lower limb muscle strength. Different studies on
older adults have reported a negative association between daily
dietary intake of antioxidants, physical performance and lower
limb muscle strength, (31) even in younger older adults (32).
Moreover, Turnbull et al. (12) reaffirm this relationship among
adults with T2DM. 

The negative effects of poor diet on muscle mass and
function also negatively affect glycemic control. When such
diet is present among older adults there is a  high probability of
sarcopenia (lack of muscle mass), thus affecting the
functionality of individuals (33). Although we could not
measure sarcopenia among our patients, the relationship found
between lower muscle strength and a poor protein diet (MNA
item 11) in our participants would account for the lack of
function, hence affecting HRQoL. Thus, increases in skeletal
muscle mass, or even muscle function (34) are not only related
to glycemic control (35, 36) but it also appears to be important
for prevent the decline in function among T2DM  patients,
particularly with aging. Consequently, efforts should be made
to increase physical exercise, which may lead to improvements
in muscle strength, in the T2DM population.

In the current study nutritional status was associated with all
EQ-5D-3L dimensions, even though no previous work has been
found that assessed this relationship among T2DM patients, our
results are consistent with other reports which have examined
nutrition and HRQoL in a smaller community-based study (37),
in other selected older adults populations (38) and a population
sample studies in older adults (39). The findings from our study
and the cited work strengthened our understanding of the
relationship between the risk for malnutrition and reduced
HRQoL. As mentioned, malnutrition plays an important role in
muscle function (40) but may also have had an important
impact on HRQoL, considering that all EQ-5D-3L dimensions
were significantly associated with the patient´ nutritional status

in the present study. Moreover,  poor nutritional status could
negatively affect the mental health of older adults worsening
their HRQoL (39). This relationship was also confirmed in the
current study as EQ-5D-3L anxiety/depression dimension was
associated with the poor nutritional status. Although the
correlation  coefficient between HRQoL dimensions and MNA
seems to decrease when the correlation analysis was controlled
for relevant co-morbidity, this relationship is perhaps given
further support when we note the relationship between the
items from the MNA and the different dimensions from the
EQ-5D-3L. These results appear to be in agreement with
different studies that report a clear reduction in HRQoL in
those patients with T2DM and associated co-morbidity (41);
especially  with respect to mobility, self-care  and the usual
daily activities dimensions of the EQ-5D-3L dimensions (42).
However, because the MNA tool was used as a screening tool
for risk of malnutrition in our study, self-reported health status
questions included in this tool may contribute to extent of the
relationship between HRQoL and nutritional status. 

Several limitations need to be recognised in this study. Since
a cross-sectional design was used, a causative interpretation is
not possible. Another limitation was the use of the EQ-5D-3L,
which is a very general HRQoL instrument. It is important to
be aware that because the EQ-5D-3L is not diabetes specific it
may reflect problems related to other conditions or sub estimate
or overestimate the real self-reported health status. Despite this,
the use of a general HRQoL instrument allows us to compare
with other conditions. Another shortcoming is that the
population of this study represents a convenience sample
defined by the inclusion criteria, which may introduce selection
bias. Moreover, a risk of self-selection bias needs to be
recognized since we were obviously not able to obtain data on
non-participants, due to the voluntary nature of the study.
Therefore, given the small sample size of our study it is
difficult to give definitive conclusions but the results give us an
indication of what further research may show. Future larger
prospective cohort studies are required to confirm the
relationships demonstrated in the current study. Longitudinal
studies implementing lifestyle interventions including diet and
exercise, designed to increase physical fitness (mainly muscle
strength) are also warranted to clarify the relationships between
the effects of such interventions on these outcomes.

Despite these limitations, to our knowledge this is the first
study analyzing the relationship between the two main
components of lifestyle interventions, (i.e. diet and physical
function), therefore helping to progress the understanding of the
management of patients with T2DM. In conclusion our results
have shown that nutritional status is moderately associated with
HRQoL and lower limb strength, which is also associated with
HRQoL in patients with T2DM. Physical activity and diet are
the cornerstones in the prevention and treatment of T2DM (6,
43-45); Our data suggest that in the future more emphasis could
be placed on interventions to enhance a correct diet through
early identification of the risk for malnutrition and stress the
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needed to improve lower body strength to reinforce better
mobility in T2DM population. 
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