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General Introduction

General Introduction

Disease-related malnutrition
Malnutrition has been defined as “a state resulting from lack of intake or uptake of nutrition
that leads 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”.1
The prevalence of malnutrition in hospital populations is reported to vary between 11-45%,
however, these prevalence rates are based on screening rather than diagnoses based on nutritional assessment.2-4 The prevalence of malnutrition primarily depends on the following
factors: type of patient population, implementation of standard nutritional screening and
assessment, and the instrument that is used.5
Clearly, to prevent or treat malnutrition, early recognition of the (risk for) malnutrition is necessary. Whereas malnutrition may be disease-related, it is not a disease-specific
condition. However, the prevalence of malnutrition, its characteristics, and the subsequent
necessary interventions may vary in different patient populations. Therefore, it is necessary to assess the prevalence of (risk for) malnutrition and determine which patients are
specifically at risk per population so that a more comprehensive screening can occur. In
addition, there is a need for determining the characteristics of (risk for) malnutrition that
can be intervened upon such as nutrition impact symptoms, e.g., nausea or pain, decreased
nutritional intake, and/or limitations in functionality and activity.

Nutritional assessment
Nutritional assessment differs from nutrition screening regarding the depth of the information that is obtained that allows the dietitian to make a diagnosis. Through nutritional assessment, the dietitian is able to diagnose a nutrition(-related) disorder/condition to determine
the severity of malnutrition or nutrition-related condition, to plan adequate intervention,
and to evaluate the effectiveness of the therapy.5 As (risk for) malnutrition cannot be recognized at first glance, there appears to be a strong need to perform comprehensive screening
to quickly screen for, assess, and intervene upon malnutrition.5 To be able to timely identify
and address the nutritional problems underlying (risk for) malnutrition in each patient
individually, the Scored Patient-Generated Subjective Global Assessment (PG-SGA) and
its Short Form (PG-SGA SF) were the selected methods to respectively assess and screen
for malnutrition in the studies included in this thesis. The PG-SGA (SF) is one of the few
instruments covering all domains of the malnutrition definition and has demonstrated
high specificity and sensitivity for assessing (risk for) malnutrition in different patient
populations.6-10 The PG-SGA includes four Boxes designed to be completed by the patient.
Box 1 addresses the history of weight loss; Box 2 evaluates changes in food intake; Box 3
addresses the presence of nutrition impact symptoms (NIS); and Box 4 evaluates activities
and function. In addition to this patient-generated component of the PG-SGA, the second
component is completed by the professional. This professional component addresses conditions that increase nutritional requirements (Worksheet 2), metabolic stress (Worksheet 3),
11
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and a physical examination of body composition (Worksheet 4). Based on the four Boxes
and the physical exam, patients are categorized as well nourished (PG-SGA A), moderate or
suspected malnutrition (PG-SGA B), or severely malnourished (PG-SGA C).7
To be able to recognize and adequately intervene upon malnutrition or a nutritionrelated condition, healthcare professionals in general and dietitians in specific need sufficient knowledge of the different nutrition (-related) disorders/conditions.11 Therefore,
the aim of the third study was to determine whether dietitians have sufficient knowledge
regarding malnutrition and nutrition-related conditions, i.e., starvation, cachexia, and
sarcopenia, and whether they use the related terminology in the documentation of their
daily clinical work. In addition, in the fourth study, the aim was to review whether, in a
population with a very high prevalence of malnutrition, i.e., in patients with tuberculosis,12
researchers operating in the field of nutrition and tuberculosis display knowledge regarding
nutritional assessment and implications of malnutrition.
To diagnose malnutrition, measurement of body composition, i.e., muscle mass, and
function is necessary by definition.13 However, as feasible direct methods to determine the
exact body composition are lacking, adequately measuring muscle mass is still challenging.
Methods to measure body composition, for example, are dual-energy absorptiometry
(DXA) that can assess lean mass and bioelectrical impedance analysis (BIA) that can provide estimates of fat-free mass, lean mass, or muscle mass. The DXA is a valid and reliable
method but is expensive, and limited access to the instrument hinders its use in clinical
practice.14 BIA is a reliable method but whereas its validity may be adequate on the group
level depending on the equation used, its validity on the individual level may be limited
in clinical populations due to changes in hydration status.15,16 Ultrasound measurement
may add to the possibilities of measuring muscle mass as ultrasound is a valid and reliable
method that facilitates both quantification and qualification of peripheral muscles. 17,18
Thus, the aim of the fifth study was to explore the added value of ultrasound measurement
of muscle mass in patients with COPD.

Malnutrition and Frailty
Frailty is a nutrition-related condition and is considered a “multidimensional clinical state,
in which an individual’s vulnerability for dependency on care, or mortality, is increased
when exposed to a stressor, due to a lack of reserve capacity”.13,19 Frailty is a dynamic system
in which causes and consequences have yet to be clarified. In different domains, various
factors of frailty exist such as nutritional status, mobility, energy, strength, cognition, mood,
social relations and support, and relationships between these factors may contribute to the
level of frailty.20 Due to a lack of consensus or gold standard for measuring frailty, many different methods for assessment of frailty are used, which contributes to the widely differing
prevalence rates of frailty.20 Another factor that contributes to the wide range in prevalence
rates is the use of terminology regarding frailty. Frailty is often used to describe measures of
12
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the construct of physical frailty. This construct is based on factors in solely the physical domain that relate to muscle mass and muscle function, i.e., weakness, slowness, exhaustion,
poor endurance, and weight loss, as first operationalized by Fried et al.21 In contrast, the
multidimensional construct of frailty comprises the cognitive and psychosocial domains as
well and provide a more comprehensive representation of the patient’s well-being.
Malnutrition and frailty may be overlapping syndromes since both are, to a large extent,
defined by a decrease in muscle mass and functional performance as well as adverse clinical
outcome.22,23 Furthermore, these conditions share social, demographic, and cognitive risk
factors.22,23 However, the underlying mechanisms differ as malnutrition is primarily caused
by an imbalance between nutritional intake and nutritional requirements, and frailty is
predominantly caused by immobility, ageing, and psychosocial impediments.24 Insight into
the coexistence and correlation between these conditions in patients with COPD, as an
example of a chronic disease, may help to identify required interventions to improve the
patient’s health status.
Although frailty is likely to occur with ageing, it has been suggested that chronic illness
itself, and possibly related malnutrition, accelerate the process of biological ageing.25 Frailty
may then also be present in younger but chronically ill patients such as in patients with
COPD. In community-dwelling older adults and geriatric outpatients, malnutrition has
been associated with physical frailty.26,27 Coexistence of malnutrition and frailty, however,
has not yet been explored in clinical populations. Therefore, in the sixth study, the objective
was to study their coexistence in patients with COPD.

Dietary resilience
Resilience is defined as “a dynamic process encompassing positive adaptation within the
context of significant adversity”.28 According to the transtheoretical model of behavior
change, the development of strategies to overcome barriers is crucial to the conviction that
one can attain a goal.29,30 Dietary resilience is described as the “development and use of adaptive strategies that enable an individual to maintain an adequate diet despite facing dietary
challenges”.31 However, dietary resilience may not per se result in a healthy diet as developed
strategies do not necessarily lead to the attainment or maintenance of a healthy diet.32
Dietary resilience, nevertheless, could be one of the missing links in addressing foodrelated challenges that may otherwise lead to malnutrition such as in patients with a chronic
disease that face barriers in different domains of their daily activities. For example, patients
with COPD
experience symptoms such as breathlessness and fatigue that may impact grocery
shopping, cooking, and eating.33 A dry mouth, stomach ache, and other pain may affect
appetite and, therefore, hinder food intake in this patient population.34 The prevalence of
malnutrition in this patient population varies between 11% to 62%, depending on disease
severity.35,36 To prevent malnutrition, it is of major importance to learn about strategies
13

1

Chapter 1

and motivational resources that patients with COPD use to overcome food-related barriers.
Being aware of how and why strategies are applied by a patient might be beneficial for
helping another patient. This knowledge could enhance further development of professional
nutritional care for patients with COPD. Therefore, the aim was to learn from the seventh
study what strategies are used by patients with COPD to overcome specific food-related
challenges and to identify the key themes of motivation for the process of dietary resilience.

Research objectives/aims
Although not always curative, improved treatment is currently available for an increasing
number of diseases. As a consequence, a large group of people are now living with one or
more chronic diseases.37 Diseases such as cancer, heart failure, chronic kidney disease, and
HIV often require intense treatment modalities such as chemotherapy, radiation, surgery,
transplantation, chronic use of immunosuppressants, corticosteroids, antibiotics, and antiretroviral drugs. As a side-effect to diseases and their treatments, patients often become
at risk for malnutrition.1 Nutrition impact symptoms such as fatigue and loss of appetite
are common during illness. Due to insufficient nutritional intake and immobility, patients
may consequently lose weight, in particular muscle mass, which may negatively influence
physical functioning.1 Reduced functioning impacts daily activities such as getting dressed
or grocery shopping and other muscle-related functions, such as the immune system.38-40 As
a consequence, loss of functioning may impact psychosocial domains since patients may be
unable to attend social events and maintain friendships. In current healthcare, the focus is
to address the disease of the patient and not so much the ‘collateral damage’ of insufficient
nutritional intake and immobility that is caused by the disease and its treatment. (Figure 1)
This may not only impact the patient’s functioning but also clinical outcome.4
This thesis aims to provide new insights and knowledge with regard to the (risk) assess
ment of disease-related malnutrition and its implications for healthcare professionals in
order to improve their care for patients in daily clinical practice. The objectives were to
contribute to the current knowledge on identifying patients in need of a nutritional intervention and the associations of (risk for) malnutrition with clinical outcome. In addition, aims
were to identify knowledge gaps with regard to recognition of malnutrition and nutritional
assessment among healthcare professionals and to explore the experiences of patients with
regard to food-related activities when these are becoming challenging. In these studies, the
focus was on clinical populations that were suspected to be at increased risk for malnutrition. Both quantitative and qualitative methods were used. A qualitative exploration was
performed to disclose specific thoughts and feelings on food-related experiences and therewith a profound view on the topic of dietary resilience. These different methods add to the
depth of the investigations and provide more context and possibilities to solve the problems
that are experienced with recognizing (risk for) disease-related malnutrition and performing
adequate screening and assessment. Therefore, this research specifically aimed to:
14
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1) Assess risk for malnutrition in patients prior to vascular surgery (Chapter 2)
2) Determine whether vascular surgery patients at risk for malnutrition have an increased
risk for postoperative complications (Chapter 3)
3) Test knowledge and use of terminology regarding malnutrition, starvation, cachexia, and
sarcopenia among dietitians (Chapter 4)
4) Perform a review on assessment and implications of disease-related malnutrition in adult
tuberculosis patients (Chapter 5)
5) Explore the added value of ultrasound measurements in patients with COPD (Chapter 6)
6) Assess coexistence of malnutrition, frailty, physical frailty, and disability in patients with
COPD starting a rehabilitation program (Chapter 7)
7) Explore dietary resilience in patients with severe COPD at the start of a pulmonary rehabilitation program (Chapter 8)

Figure 1. Schematic example of losing functioning in chronic disease, with the current focus of healthcare in
lighter shade of grey
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Abstract
Background Malnutrition is an important risk factor for adverse post-operative outcomes.
The prevalence of risk for malnutrition is unknown in patients prior to vascular surgery.
We aimed to assess prevalence and associated factors of risk for malnutrition in this patient
group.
Methods Patients were assessed for risk for malnutrition by the Patient-Generated Subjective Global Assessment Short Form. Demographics and medical history were retrieved from
the hospital registry. Uni- and multivariate analyses were performed to identify associated
factors of risk for malnutrition.
Results Of 236 patients, 57 (24%) were categorized as medium/high risk for malnutrition.
In the multivariate analyses, current smoking (P=0.032), female sex (P=0.031), and being
scheduled for amputation (P=0.001) were significantly associated with medium/high risk
for malnutrition.
Conclusions A substantial proportion (24%) of patients prior to vascular surgery is at risk
for malnutrition, specifically smokers, females and patients awaiting amputation. Know
ledge of these associated factors may help to appoint patients for screening.
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Introduction
In surgical patients, malnutrition is an important risk factor for adverse post-operative outcome.1 Patients with vascular disease requiring surgery may also be at risk for malnutrition
when specific disease-related symptoms interfere with food intake. Symptoms such as pain,
cramps and fatigue, as well as limitations in functioning, e.g. impairment in walking, are
common among patients with vascular disease, and are reported to contribute to nutritional
risk in this patient population.2,3
In the general hospital population, risk for malnutrition ranges from 15% to 24%.4,5
Differences in prevalence may be explained by the use of different screening instruments
and/or disease populations. The prevalence of risk for malnutrition in cardiac and general
surgery patients is estimated at 19% and 24%, respectively.6,1 The largest study reporting
prevalence of risk for malnutrition in vascular surgery patients (n=133) dates from 1984,
and revealed a prevalence of 4% to 18%, depending on severity of disease.7 Risk for malnutrition differs largely between disease populations, and is associated with for instance older
age, female sex, and comorbidity in patients aged 70+ in a general hospital population.8,9 In
a community-dwelling population aged 65+, risk for malnutrition has been associated with
smoking, and comorbidities such as osteoporosis and cancer.10
Nutritional screening programs aim to detect patients at risk for malnutrition.11 However, risk for malnutrition may be overlooked in vascular surgery patients as only 20% to
38% of surgical departments in parts of Western Europe and USA perform nutritional
screening perioperatively.12,13 Commonly used screening instruments include two up to five
parameters, such as unintentional weight loss, Body Mass Index (BMI), disease severity, and
loss of appetite.14 These instruments, however, do not provide sufficient insight into treatable nutrition impact symptoms, such as nausea, changes in taste, fatigue or pain. Neither
do they screen for a decrease in food intake or activity. If mainly weight loss or Body Mass
Index (BMI) is used for screening, recognition of factors that may cause future malnutrition
may be delayed. Timely and full identification of patients at risk for malnutrition, followed
by proactive and interdisciplinary interventions may improve clinical outcomes. In order to
address the different domains of malnutrition risk, a more comprehensive tool is needed.
The Patient-Generated Subjective Global Assessment Short Form (PG-SGA SF) is one of the
few instruments covering all domains of the malnutrition definition and has demonstrated
high specificity and sensitivity for assessing risk for malnutrition in cancer populations.15-17
However, no studies are available that have assessed prevalence of risk for malnutrition
in patients prior to vascular surgery, and knowledge on the associated factors of risk for
malnutrition is lacking. Therefore, in this study, we aimed to assess the prevalence and asso
ciated factors of risk for malnutrition in patients prior to vascular surgery by utilizing the
PG-SGA SF.

21
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Material and Methods
Study design
In this observational cross-sectional study, all patients visiting the vascular surgery outpatient clinic at the University Medical Center Groningen (UMCG) in 2015 that were sche
duled for surgery were assessed for risk for malnutrition by the Scored Patient-Generated
Subjective Global Assessment Short Form (© FD Ottery 2005, 2006, 2015) (PG-SGA SF).
Patients underwent surgery within three months after their first outpatient visit and study
measurement. Usual care was provided.
For this study, the Medical Ethical Committee of the UMCG granted dispensation from
the Dutch law regarding patient-based medical research (WMO) obligation (reference
2016/322). Patient data were processed according to the Declaration of Helsinki – Ethical
principles for medical research involving human subjects.18

Measurements
To assess risk for malnutrition, patients completed the PG-SGA SF Dutch version 3.7 (with
permission from the copyright holder) by themselves.19 The PG-SGA SF includes four Boxes.
Box 1 addresses the history of weight loss: percentage weight loss in the past month or past
six months, and changes in weight in the past two weeks; Box 2 evaluates changes in food
intake in the past month; Box 3 addresses presence of nutrition impact symptoms in the
past two weeks; and Box 4 evaluates activities and function in the past month.20 The scoring
of the PG-SGA Short Form has been described in detail elsewhere.21 In case of missing items
in any Box, its Box score was taken as ‘0’. ‘Medium risk for malnutrition’ was defined as a
total PG-SGA SF score of 4 to 8 points, since this corresponds to indication of the PG-SGA
triage system for an intervention by a dietitian in conjunction with a nurse or physician.
‘High risk for malnutrition’ was defined as a PG‑SGA SF score ≥9 points, as such is seen as
critical need for improved symptom management and/or nutrient intervention options.20
This classification of risk was considered appropriate as from a score of 4 points and higher
the need for an intervention is present and screening for risk is aimed at identifying patients
in need of an intervention.
Demographics, comorbidities, and type of scheduled surgery were retrieved from the
electronic hospital registry. Current and historical smoking (yes/no) and current drinking
habits (yes/no) were registered twice: it was asked by the nurse at the surgical ward and by
the nurse at the pre-operative screening. Discrepancies were investigated by the physician
involved in this study (LV). Packyears and amounts were not registered. Comorbidity was
assessed using the Charlson Comorbidity Index (CCI), which predicts the 1‑year mortality
of a patient based on the coexisting medical conditions and age.22 The self-reported PG-SGA
SF data on current weight and length were used to calculate BMI (weight/[length*length])
that was subsequently categorized according to the WHO classification.23
22
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Statistical analyses
Categorical variables were presented as frequencies and percentages. Continuous variables
were presented as mean ± standard deviation (SD) for normally distributed variables, and
as median with interquartile range (IQR) for skewed variables. Normality was tested by the
Kolmogorov-Smirnov test. Based on the triage system of the PG-SGA, PG-SGA SF scores
were dichotomized in two ways: 1) low risk (0-3 points) vs. medium/high risk (≥4 points)
and 2) low/medium risk (0-8 points) vs. high risk (≥9 points).24
Univariate binary logistic regression analyses, Odds Ratios (OR) and 95% CI, were used
to analyze associations between risk for malnutrition and the afore mentioned covariates
(factors). A zero inflated model accounting for a relative large amount of zero scores was
used to identify factors associated with PG-SGA SF scores.25 Multivariate logistic regression
with the minimum Akaike Information Criterion (AIC) was used to provide options for
model selection by estimation of measure of fit.26 Generalized Additive Modeling (GAM)
was performed to explore unknown non-linear associations with risk for malnutrition.27
Case wise deletion of data was performed to handle missing data. Two tailed P-values were
used, with significance set at P<0.05. Data were analyzed using IBM SPSS version 23.0 (SPSS
Inc., Chicago, IL, USA) and R version 3.4.0 (R Core Team, 2017).

Results
In total, 236 patients were included in the analyses. Table 1 shows baseline characteristics of
this group. Age ranged from 23 to 93 years, with a mean (SD) age of 68.3 ± 11.1 years. The
majority of the patients was male (72%). More than half of the study population (54%) had
a BMI ≥25 kg/m2, indicating overweight or obesity. Fourteen patients had a missing score
in one of the four Boxes of the PG-SGA SF. Five patients had a missing score in Box 1, six in
Box 3, and another three in Box 4. Eleven of these had a total score of 0, one had a score of
1, one of 2, and one patient had a score of 6 points.
Fifty-seven patients were categorized as medium/high risk for malnutrition, resulting
in a prevalence of risk for malnutrition of 24% (95% CI: 19 to 30). Forty-two patients (18%;
95% CI: 13 to 23) were at medium risk for malnutrition, and 15 patients (6%; 95% CI: 4 to
10) at high risk. In total, 97 patients (41%) had a score of zero. Median PG-SGA SF score of
all patients was 1 (IQR: 0 to 3), and scores ranged from 0 to 18. Scores for history of weight
loss (Box 1) ranged from 0 to 5; for changes in food intake (Box 2) from 0 to 4; for nutrition
impact symptoms (Box 3) from 0 to 13; and for activities and function (Box 4) from 0 to 3.
Table 2 shows median scores per risk group and frequency of nutrition impact symptoms
(Box 2).
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Table 1. Characteristics of study population (N=236 unless stated otherwise)
Mean, SDa
Age

Median (IQRb)

68.3 SD 11.1
c

Comorbidity N=234

5 (IQR: 4 to 6)

BMId N=233

25.5 (IQR: 23.1 to 29.0)
N

%

4

1.7

BMI
<18.50 kg/m2
2

18.50 - <25 kg/m

103

44.2

25 - 29.99 kg/m2

85

36.5

≥30 kg/m2

41

17.6

169

71.6

67

28.4

Never/quit

147

62.8

Currently

87

37.2

Yes

123

54.2

No

104

45.8

DMe N=235

56

23.8

COPDf N=235

48

20.4

Impaired renal functiong N=235

36

15.3

Percutaneous

52

22.0

Carotid

51

21.6

Endovascular

49

20.8

Peripheral bypass

37

15.7

Abdominal

20

8.5

Amputation below the knee

18

7.6

9

3.8

Sex
Male
Female
Smoking N=234

Drinking alcohol N=227

Type of planned surgery

Other
a

standard deviation, binter quartile range, cCharlson Comorbidity Index (predicts 1-year mortality based on
age and comorbidities; range 0-19), d Body Mass index (weight/length2), ediabetes mellitus: documented use
of oral anti-diabetic medicine or insulin, fchronic obstructive pulmonary disease (Society of Vascular Surgery
classification), gglomerular filtration rate (eGFR); with values < 60 ml/min x 1.73 m2 indicating impaired renal
function
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Table 2. Nutrition impact symptoms and Box scores across risk for malnutrition groups
PG-SGA SFa
(N=236)
NIS

a

Low risk:
0-3 points
N=179
N

High risk:
≥9 points
N=15

Medium risk:
4-8 points
N=42

%

N

%

N

%

No appetite

-

-

12

28.6

12

80.0

Nausea

1

0.6

3

7.1

3

20.0

Constipation

2

1.1

3

7.1

2

13.3

Mouth sore

1

0.6

2

4.8

2

13.3

Funny/no taste

-

-

3

7.1

1

6.7

Problems swallowing

1

0.6

3

7.1

2

13.3

Pain

-

-

8

19.0

6

40.0

Vomiting

-

-

-

-

-

-

Diarrhea

-

-

2

4.8

2

13.3

Dry mouth

2

1.1

7

16.7

1

6.7

Smells bother me

-

-

-

-

2

13.3

Early satiation

1

0.6

7

16.7

5

33.3

Fatigue

6

3.4

12

28.6

7

46.7

Other

4

2.2

5

11.9

1

6.7

PG-SGA SF scores

Median (IQR)

Median (IQR)

Median (IQR)

Box 1
weight history

0 (0-0)

0 (0-2)

2 (0-4)

Box 2
food intake

0 (0-0)

0.5 (0-1)

1 (1-3)

Box 3
symptoms

0 (0-0)

3 (0.75-4)

6 (4-7)

Box 4
activity/function

0 (0-1)

1 (1-2)

2 (1-3)

Total

0 (0-1)

6 (4-7.25)

11 (10-14)

Patient-Generated Subjective Global Assessment Short Form

In a sub-analysis performed in 222 patients with no missing data on PG-SGA SF, 56
patients were categorized at medium/high risk for malnutrition, showing a prevalence of
risk for malnutrition of 25% [95% CI, 20 to 31]. Forty-one patients (19%) were at medium
risk for malnutrition, and 15 patients (7%) at high risk for malnutrition. Prevalence of risk
for malnutrition and the most frequently reported nutrition impact symptoms per type of
surgery are displayed in Table 3.
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Table 3. Type of planned surgery and risk for malnutrition assessed by PG-SGA SFa (N=236)
Type of surgery

Low risk:
0-3 points

N

%

N

%

High risk: Most frequently reported
≥ 9 points nutrition impact symptoms

Medium
risk: 4-8
points
N

%

N

%

Percutaneousb

52 22.0

42 80.1

9 17.3

1

1.9 fatigue, early satiation

Carotid

51 21.6

40 78.4

9 17.6

2

3.9 fatigue, lack of appetite

Endovascular

49 20.8

39 79.6

7 14.3

3

6.1 lack of appetite, pain

Peripheral bypass

37 15.7

26 70.2

8 21.6

3

8.1 fatigue and pain

Abdominal

20

8.5

18 90.0

1

1

5.0 lack of appetite, nausea,
constipation, depression

Amputation

18

7.6

6 33.3

8 44.4

9

3.8

8 88.8

-

Other
a

5.0

4 22.2 lack of appetite, fatigue, nausea

0.0

1 11.1 b

Patient-Generated Subjective Global Assessment Short Form, All percutaneous procedures excluding endovascular aortic aneurysm repair or thoracic endovascular aortic aneurysm repair

Univariate analyses
The univariate analyses on associated factors of each of the malnutrition risk groups are
shown in Table 4. Patients who smoked were significantly more frequently at risk for
malnutrition than non-smoking patients, as indicated by OR=1.93 (95% CI: 1.05 to 3.54;
P=0.032) for the medium/high risk group and OR 3.69 (95% CI: 1.22 to 11.18; P=0.021) for
the high risk group. In addition, female patients were significantly more frequently at risk for
malnutrition than male patients, as indicated by OR=2.30 (95% CI: 1.23 to 4.31; P=0.009)
for the medium/high risk group and OR=3.14 (95% CI: 1.09 to 9.03; P=0.034) for the high
risk group. When stratified by type of scheduled surgery, the prevalence of medium/high
risk for malnutrition was highest in patients scheduled for amputation (66%; 12/18). This
risk was significantly more frequently present in patients scheduled for amputation than
patients scheduled for other types of surgery, as indicated by OR=7.69 (95% CI: 2.74 to 21.6;
P=0.001) for the medium/high risk group and OR=5.38 (95% CI: 1.55 to 19.07; P=0.034) for
the high risk group in each of the risk groups. BMI, age, drinking alcohol and comorbidity
were not significantly associated with risk for malnutrition in either of the risk groups.
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Table 4. Univariate analyses of associated factors of risk for malnutrition (n=236)
Associated factors

Risk for malnutrition, defined as ≥4
points (n=57)

Risk for malnutrition, defined as ≥9
points (n=15)

OR [95% CI]

P-value

OR [95% CI]

P-value

Smoking current
yes/no

1.93 [1.05, 3.54]

0.033

3.69 [1.22, 11.18]

0.021

BMI
continuous

0.93 [0.87, 1.01]

0.067

0.93 [0.82, 1.06]

0.283

Alcohol current
yes/no

0.73 [0.40, 1.34]

0.302

0.40 [0.13, 1.21]

0.103

Female sex
yes/no

2.30 [1.23, 4.31]

0.009

3.14 [1.09, 9.03]

0.034

Scheduled for
amputation
yes/no

7.69 [2.74, 21.6]

<0.001

5.38 [1.55, 19.07]

0.009

Comorbidity
CCI score

1.16 [0.99, 1.36]

0.060

1.07 [0.82, 1.41]

0.620

Age
years

1.00 [0.97, 1.03]

0.959

1.01 [0.96, 1.06]

0.729

2

Multivariate analyses
The zero inflation model showed a significant association between PG-SGA SF score and
female sex (P<0.001), current smoking (P<0.001), comorbidity (P=0.042) and scheduled for
amputation (P<0.001), as shown in Table 5.
Table 5. Multivariate analysis of associated factors of continuous PG-SGA SFa score
Estimate

St Error

OR [95% CI]

P value

Female sex
yes/no

0.30

0.09

1.34 [1.13, 1.61]

<0.001

Current smoking
yes/no

0.41

0.09

1.51 [1.26, 1.80]

<0.001

Comorbidity
CCI score

0.04

0.02

1.05 [1.00, 1.09]

0.042

Scheduled for amputation
yes/no

0.50

0.12

1.64 [1.31, 2.06]

<0.001

a

Patient-Generated Subjective Global Assessment Short Form

In the multivariate logistic regression model, the associated factors of medium/high risk
for malnutrition were: female sex (P=0.031), current smoking (P=0.032), and scheduled for
amputation (P=0.001) (Table 6A). Patients who smoked were more frequently at medium/
high risk for malnutrition (OR=2.04; 95% CI: 1.07 to 3.93) than non-smoking patients.
Furthermore, female patients were more frequently at medium/high risk for malnutrition
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(OR=2.10; 95% CI: 1.06 to 4.11) than male patients. Medium/high risk for malnutrition was
more frequently present in patients scheduled for amputation (OR=5.83; 95% CI: 2.05 to
18.19) than in patients scheduled for other types of surgery.
Table 6A. Multivariate analysis of associated factors of medium/high risk for malnutrition
Associated factors
Estimate

St Error

P value

OR, 95% CI

Female sex
yes/no

0.74

0.34

0.031

2.10, [1.06, 4.11]

Smoking current
yes/no

0.71

0.33

0.032

2.04, [1.06, 3.93]

Comorbidity
range 0-11

0.14

0.08

0.095

1.15, [0.98, 1.36]

Scheduled for
amputation
yes/no

1.76

0.55

0.001

5.84, [2.05, 18.19]

However, high risk for malnutrition was significantly associated with current smoking
(P=0.014), and this high risk was more frequently present in patients who currently smoked
(OR=4.31: 95% CI: 1.40 to 14.93) than in non-smoking patients (Table 6B).
Table 6B. Multivariate analysis of associated factors of high risk for malnutrition
Associated factors
Estimate

St Error

P value

OR, 95% CI

Female sex
yes/no

0.92

0.58

0.114

2.51, [0.79, 8.05]

Smoking current
yes/no

1.46

0.59

0.014

4.31, [1.40, 14.93]

Drinking alcohol
yes/no

-0.85

0.60

0.160

0.43, [0.12, 1.36]

Scheduled for
amputation
yes/no

1.24

0.69

0.073

3.47, [0.80, 12.78]

GAM analysis of non-linear associations
A non-linear association was found between age and medium/high risk for malnutrition.
From the age of approximately 70 years, prevalence of medium/high risk for malnutrition
increases as shown in Figure 1. However, this association was not significant (P=0.093).
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Figure 1. GAM analysis of age association with medium/high risk for malnutrition

Discussion
This study shows that prior to vascular surgery, a substantial proportion (24%) of patients
is at medium/high risk for malnutrition. Current smoking, female sex and scheduled for
amputation are factors associated with risk for malnutrition in patients prior to vascular
surgery.
Risk for malnutrition in our study population was predominantly characterized by the
presence of nutrition impact symptoms, such as loss of appetite, fatigue and pain, combined with limitations in activities and function. These symptoms may be explained by the
nature of the underlying vascular disease, especially in an advanced disease stage, such as
in patients scheduled for amputation.2,3 However, it is possible that patients in our study
were scheduled for amputation because they were thought to be too debilitated to undergo
more extensive procedures such as lower extremity bypass. Patients reporting to smoke
were more frequently at risk for malnutrition, a finding consistent with findings in other
populations, such as community-dwelling older adults.10 This finding may be explained by
the negative effect of smoking on taste and appetite, and early satiation.28,29
The higher scores on limitations in activities and function, such as in patients scheduled
for amputation, may indicate the need for an intervention to improve physical function.
The PG-SGA SF provides a global assessment, which identifies possible impediments in
one or multiple domains. These may require not only intervention by a dietitian, but by
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other members of the multidisciplinary team as well, for example by a physical therapist
in case of decreased activities and function.30 When the patient is globally assessed and all
aspects that require intervention are addressed, a more comprehensive preventive policy is
facilitated, instead of a more reactive treatment for patients already malnourished. This way
of proactively addressing patients’ treatable symptoms is in line with the development of
‘pre-habilitation’ programs that improve physical fitness of patients before clinical interventions in order to shorten hospital stay and to improve clinical outcome.31-33
Only 28% of our study population was female and these female patients were more
frequently at risk for malnutrition than male patients. Possibly pain or other disease symptoms are more often leading to nutrition-related problems in female patients. In BAPEN’s
nutrition screening surveys in hospitals in the United Kingdom, female patients (53%) were
reported to be more frequently at risk for malnutrition as well, for all adult age groups
starting from 18 years, and even more frequently from 65 years of age.34 However, a study in
a Brazilian general hospital population, on average 45 years of age, 53% female, males were
reported to be more frequently at risk for malnutrition.35 These findings indicate that sex
differences with regard to risk for malnutrition may depend on the specific study population.
In our study, age was not an associated factor of risk for malnutrition. Possibly our relatively small sample size attributed to our non-significant finding. In contrast, in BAPEN’s
nutrition screening surveys in 31.637 patients aged 64.5 ± 19.3 years in hospitals in the
United Kingdom, risk for malnutrition was associated with age.34 Although not significant,
interestingly the non-linear analysis of age in our study showed an increasing frequency of
risk for malnutrition from the age of approximately 70 years. Since risk for malnutrition
in our study was mainly characterized by the presence of nutrition impact symptoms and
limitations in activities and function, which are reported to increase in presence and/or
severity with ageing, we speculate that age may be an associated factor of risk for malnutrition in the older vascular surgery patient.29,33
In our study, comorbidity was only associated with the PG-SGA SF numerical scores,
and not with dichotomized scores, whereas other studies have reported significant associations between comorbidity and risk for malnutrition in larger populations than our study
population.9,36 Since we dichotomized risk for malnutrition, some loss of information occurred. In combination with a relatively small study population used in the multivariate
analyses, dichotomizing malnutrition risk may have led to the borderline non-significance
of the association between comorbidity and risk for malnutrition. These findings may be
explained by a type II error.
Despite its relatively small sample size, this is the largest study exploring prevalence,
characteristics, and associated factors of malnutrition risk in patients prior to vascular
surgery. We have described and analyzed the data profoundly in several statistical models.
However, this study has some limitations that need to be addressed. First, a gold standard
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for malnutrition or malnutrition risk is not available, which complicates consensus on
how concurrent validation should be performed.37 Although the PG-SGA SF needs to be
validated in vascular surgery patients, the PG‑SGA SF has demonstrated high specificity
and sensitivity for assessing risk for malnutrition in cancer populations.15,16 The construct
of malnutrition, which has been 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”
38
is not disease-specific, and therefore we consider it appropriate to use an instrument that
covers all domains of the general malnutrition definition.17 Second, the data on smoking
and drinking habits may not have been completely accurate, since patients may not tell the
truth on these specific topics in a hospital setting, and we are missing information on dose
response. However, in our study 37% of the patients reported to smoke, which (as expected
for a vascular disease population), is much higher than the average percentage smokers
in the general Dutch adult population, (26% in 2015), which may indicate that patients in
our study had no objection to disclose their smoking habits. Third, our university hospital
is considered a tertiary referral center providing advanced specialized care. This may have
led to some selection of more severely ill patients, making our results not completely comparable to patients with vascular disease in general. Finally, as in 14 patients a score on one
of the Boxes of the PG-SGA SF was missing, the prevalence of risk for malnutrition may
have been underestimated. However, since 11 out of these 14 patients scored 0 points on the
other three Boxes, the possibility of crossing the threshold of 4 points or even 9 points in
case of no missing data is minimal and this is unlikely to have influenced the results. This
premise is supported by a sub-analysis in 222 patients with complete data on PG-SGA SF,
showing a similar prevalence (25%) of medium/high risk for malnutrition.
In conclusion, our study shows that a substantial proportion (24%) of patients prior
to vascular surgery is at risk for malnutrition. This risk is predominantly characterized
by the presence of nutrition impact symptoms and limitations in activities and function.
In patients prior to vascular surgery, females, patients who smoke, and patients awaiting
amputation are specifically at risk for malnutrition. Knowledge of the associated factors of
risk for malnutrition can be helpful in selecting groups of patients for screening purposes,
as timely identification of patients at risk may improve post-operative outcome. Therefore,
future research in this population should aim to assess the relationship between risk for
malnutrition and post-operative outcomes.
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Abstract
Objectives The aim of this study was to assess the relationship between the risk for malnutrition and postoperative complications in vascular surgery patients.
Design This is single-center prospective cohort study
Materials and Methods In 2015 and 2016, all vascular surgery patients visiting the outpatient clinic at the University Medical Center Groningen (UMCG) were included in this
study. During this visit the patients were assessed for risk for malnutrition using the Scored
Patient-Generated Subjective Global Assessment Short Form (PG-SGA SF). In addition,
data on age, sex, body mass index, smoking, alcohol, hypertension, comorbidities, type of
planned surgery and ASA were collected. Postoperative complications were registered and
analyzed using the Comprehensive Complication Index.
Results A total of 306 patients were included, with a mean age of 68.0 ± 10.6 years, of which
226 were men (73.9%). The mean BMI was 26.6 ± 4.6 kg/m2. Seventy-four patients (24.2%)
were found to be at risk for malnutrition, necessitating an intervention. The overall mean
Comprehensive Complication Index was 6.8 ± 16.0. The mean Comprehensive Complication Index of patients at high risk for malnutrition was 5.3 points higher than those at
low risk for malnutrition (P=0.008) and 4.1 points higher than those at medium risk for
malnutrition (P=0.018).
Conclusions We found that a substantial proportion of vascular surgery patients, at medium
to high risk for malnutrition at time of surgery, are more likely to develop postoperative
complications. This finding suggests that awareness for nutritional status and preventive
interdisciplinary interventions is indicated, to decrease the risk of postoperative complications in vascular surgery patients.
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Introduction
Malnutrition is an important risk factor for adverse postoperative outcomes, including
infection and delayed wound healing, resulting in a longer hospital stay and higher readmission and mortality rates.1–6 Especially in cardiac, hepatobiliary and colorectal surgery,
malnutrition has been associated with an increased risk for postoperative complications.7–10
According to the European Society for Clinical Nutrition and Metabolism (ESPEN) malnutrition is defined as: “a state of nutrition in which a deficiency or excess (or imbalance) of
energy, protein, and other nutrients causes measurable adverse effects on tissue/body form
(body shape, size and composition) and function, and clinical outcome”.11 There are several
screening tools to assess risk for malnutrition, and although they all slightly differ with
regard to included factors, the body mass index (BMI) plays an important role in many
of these tools. However, in the vascular surgery population, over 60% is classified as overweight/obese and therefore they often do not meet the criteria for risk for malnutrition
according to these tools.12,13 Moreover, a decreased fat-free mass is an important hallmark
for malnutrition which is easily overlooked in patients with a high BMI.11,14 This may lead to
an underestimation of the number of patients at risk for malnutrition in this specific group.
Another drawback of these tools is that they do not include nutrition impact factors such as
pain or nausea that might possibly lead to a reduced intake of food and could be optimized
pre-operatively.
In cardiac, general and vascular surgery patients, the prevalence of risk for malnutrition is estimated at 19% and 24% respectively.4,9,15 However, the relation between risk for
malnutrition, measured with a validated nutritional screening tool, and the occurrence
of postoperative complications in vascular surgery patients is still lacking. Therefore, the
aim of this study was to assess the relationship between the risk for malnutrition prior to
vascular surgery and postoperative complications.

Materials and Methods
Study design
In this observational study, all vascular surgery patients scheduled for surgery at the University Medical Center Groningen (UMCG) from January 2015 until April 2016 were included
in this study. The majority of patients underwent surgery within three months after their
last outpatient visit, when also the measurements for this study were performed. During
this outpatient visit, the patients were assessed for risk for malnutrition using the Scored
Patient-Generated Subjective Global Assessment Short Form (PG-SGA SF) Dutch version
3.7.16 For this study, the Medical Ethical Committee granted dispensation for the Dutch law
regarding the patient-based medical research (WMO) obligation (reference 2016/322). As
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a consequence no informed consent was obtained. Patient data were processed and electronically stored according to the declaration of Helsinki – Ethical principles for medical
research involving human subjects.17 Data were analyzed anonymously.

Baseline variables
Collected data included age (yrs), sex, body mass index (BMI), smoking (y/n), alcohol
consumption (y/n), hypertension (y/n), comorbidities (Charlson Comorbidity Index), type
of surgery, and American Society of Anesthesiologists (ASA) physical status classification
system score (ASA). The Charlson Comorbidity Index is a weighted score, which predicts
the 1-year mortality of a patient based on the coexisting medical conditions and age.18

Assessment of malnutrition risk
To assess the risk for malnutrition, patients completed the PG-SGA SF independently.
The PG-SGA SF is a simple and validated screening tool that proved to be accurate in
discriminating between patients at risk for malnutrition.20,21 The PG-SGA SF includes four
boxes. Box 1 addresses the history of weight loss (0-5 points); Box 2 evaluates changes in
food intake in the past month (0-4 points); Box 3 addresses presence of nutrition impact
symptoms in the past two weeks (0-13 points); and Box 4 evaluates activities and function
in the past month (0-3 points). ‘Low risk for malnutrition’ relates to a total PG-SGA SF score
of 0 to 3 points, ‘medium risk for malnutrition’ was defined as a total PG-SGA SF score of 4
to 8 points, and ‘high risk for malnutrition’ was defined as PG-SGA SF score ≥9 points, in
accordance with the PG-SGA triage system.21

Postoperative complications
Postoperative complications were registered and analyzed using the Comprehensive Complication Index, which is a tool that summarizes all postoperative complications with regard
to their severity according to the Clavien-Dindo classification of surgical complications,
consisting of 5 complication grades, including 4 subgrades.22 In short, grade one consists
of any deviation from the normal postoperative course, without the need for surgical,
endoscopic, radiological or pharmacological treatment (besides antiemetics, antipyretics,
analgesics, diuretics and electrolytes). The second grade includes pharmacological treatments, blood transfusions and parenteral nutrition. Third grade complications require
surgical, endoscopic or radiological treatment. Grade four includes life-threatening complications requiring ICU management, whereas grade five concerns death of the patient. The
Comprehensive Complication Index takes the quantity of appearance of each complication
into account, accumulating all the postoperative complications weighted for their severity,
ranging from 0 (no complications) to 100 (death).23
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Statistical methods
Categorical variables were presented as frequencies and percentages. Distribution was
assessed by means of a Q-Q plot or histogram. Continuous variables were presented as
mean ± standard deviation (SD) for normally distributed variables and as median ± interquartile range (IQR) for skewed variables. Differences between continuous variables were
tested with the Student t-test for normally distributed data, and the Mann-Whitney U test
for skewed distributed data. Differences between categorical variables were tested with the
Chi-squared test. Significant differences in Comprehensive Complication Indices between
the three malnutrition risk categories were tested with the Kruskal-Wallis test. Two tailed Pvalues were used and significance was set at P<0.05. To analyse the relationship between risk
for malnutrition and the Comprehensive Complication Index, we used a linear regression
model. The Comprehensive Complication Index had a skewed distribution so we transformed the variable using the natural logarithm (ln-transformation). After the analysis, the
resulted coefficient was transformed back to the geometric mean. Besides the crude analysis,
an adjusted analysis was performed with the confounders age, BMI, hypertension, smoking,
ASA, and type of surgery. All statistical analyses were performed with the Statistical Package
for the Social Sciences (SPSS Version 23; IBM Corp.).

Results
Participants and descriptive data
A total of 306 patients with a mean age of 68.0 ± 10.6 years were included, of which 226
were men (73.9%). Baseline characteristics are listed in Table 1, with the patients stratified
for risk for malnutrition.
Median PG-SGA SF score for all patients was 1 (IQR: 0 to 3), with a range from 0 to 18.
Two hundred thirty-two patients (75.8%) were found to be at low risk for malnutrition, 55
patients (18.0%) were estimated as medium risk, and 19 patients (6.2%) at high risk for malnutrition. As a result, 74 patients (24.1%) were considered to be at medium to high risk for
malnutrition. The mean BMI of all patients was 26.6 ± 4.6 kg/m2, and BMI was significantly
higher (P=0.046) in the ‘low risk for malnutrition’ group. Sex was unequally distributed
between the groups; the ‘low risk for malnutrition’ group included relatively more men than
the ‘high risk for malnutrition’ group (P=0.017). Furthermore, in the ‘medium‘ and ‘high
risk for malnutrition’ group, patients were more likely to smoke (P=0.029).
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Table 1. Baseline characteristics categorized per risk for malnutrition
Parameter

Number
Age (years)
Sex
Male
Female
BMI (kg/m²)
Smoking
Using alcohol
Hypertension
Comorbiditiesc
Type of planned surgery
Percutaneous
Carotid
Endovascular
Peripheral bypass
Abdominal
Lower extremity amputation
Other
ASAd
a

Low risk
(PG-SGA SF
0-3 points)
232 (75.8%)
68.2 ± 10.2

Medium risk
(PG-SGA SF 4-8
points)
55 (18.0%)
67.5 ± 12.5

High risk
(PG-SGA SF
≥9 points)
19 (6.2%)
67.2 ± 11.2

Total

P-value

306 (100%)
68.0 ±10.6

0.886
0.017

180 (77.6%)
52 (22.4%)
26.9 ± 4.4
73 (31.9%)
102 (53.3%)
145 (63.3%)
4.7 ± 1.7

36 (65.5%)
19 (34.5%)
25.4 ± 4.4
24 (43.6%)
24 (53.3%)
39 (70.9%)
5.4 ± 2.9

10 (52.6%)
9 (47.4%)
25.3 ± 6.5
11 (57.9%)
7 (38.9%)
14 (73.7%)
4.9 ± 1.8

226 (73.9%)
80 (26.1%)
26.6 ± 4.6
108 (35.3%)
133 (53.0%)
198 (65.3%)
4.8 ± 1.9

57 (24.6%)
45 (19.4%)
52 (22.4%)
36 (15.5%)
23 (9.9%)
11 (4.7%)
8 (3.4%)
2.4 ± 0.6

15 (27.3%)
9 (16.4%)
8 (14.5%)
10 (18.2%)
3 (5.5%)
10 (18.2%)
0 (0.0%)
2.7 ± 0.5

1 (5.3%)
4 (21.1%)
3 (15.8%)
5 (26.3%)
1 (5.3%)
4 (21.1%)
0 (0.0%)
2.7 ± 0.5

73 (23.9%)
58 (19.0%)
63 (20.6%)
51 (16.7%)
27 (8.8%)
25 (8.2%)
9 (2.9%)
2.5 ± 0.6

b

0.046
0.029
0.458
0.417
0.151
0.026

0.002

c

Standard deviation. Interquartile range. According to the Charlson Comorbidity Index, a weighted index
which predicts the 1-year mortality by measuring the burden of comorbidities (range from 0 to 19). d American
Society of Anesthesiologists score, categorizes the fitness of patients prior to surgery (range from 0 to 5)

Relation between risk for malnutrition and postoperative complications
The data on risk for malnutrition and postoperative complications are shown in Table 2
and Figure 1. The overall mean Comprehensive Complication Index was 6.8 ± 16.0, with a
range from 0 to 100. The patients at low risk for malnutrition had a mean Comprehensive
Complication Index of 6.3 ± 15.1. For the ‘medium risk’ group and the ‘high risk’ group, the
Comprehensive Complication Indices were respectively 7.5 ± 20.2 and 11.6 ± 13.1.
Table 2. Postoperative complications per risk for malnutrition category
PG-SGA SFa group

Low risk
(N=232)
(0-3 points)

Medium risk
(N= 55)
(4-9 points)

High risk
(N=19)
(≥9 points)

Total
(N=306)

P-value

Comprehensive
Complication Indexb

6.3 ± 15.1

7.5 ± 20.2

11.6 ± 13.1

6.8 ± 16.0

0.023

a

Scored Patient-Generated Subjective Global Assessment Short Form (© FD Ottery 2005, 2006, 2015)
According to the Comprehensive Complication Index, which takes all complications after a procedure and
their respective severity into account (range from 0 to 100)
b
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The Comprehensive Complication Index of patients with a high risk for malnutrition was
significantly higher than those with a low risk (mean difference 5.3 points, P=0.008). Also,
Comprehensive Complication Index of the patients who were at ‘high risk’ was significantly
higher than those at ‘medium risk’ (mean difference 4.1 points, P=0.018).

Risk for malnutrition and postoperative complications
3

Figure 1 Differences between the mean Comprehensive Complication Index (CCI), categorized per risk for
malnutrition.

Table 3 shows the results of the multivariable analysis of the relationship between risk for
malnutrition and postoperative complications. The ‘medium risk for malnutrition’ group
had a 1.39 (95% Confidence Interval [CI]: 0.93 – 2.08) times higher Comprehensive Complication Index than the ‘low risk for malnutrition’ group (reference group), and a 1.40 (95%
CI: 0.93 – 2.10) times higher Comprehensive Complication Index than the ‘low risk for
malnutrition’ group when adjusted for the confounders age, BMI, hypertension, smoking,
ASA, and type of surgery. The ‘high risk for malnutrition’ group had a 0.91 (95% CI: 0.60
– 1.39) times higher Comprehensive Complication Index than the ‘low risk for malnutrition’ group, and a 1.05 (95% CI: 0.68 – 1.60) times higher Comprehensive Complication
Index than the ‘low risk for malnutrition’ group when adjusted for the same confounders as
described above.
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Table 3. Multivariate linear regression analysis of the relationship between risk for malnutrition and postoperative complications
Adjusted b

Unadjusted

Risk for malnutrition category

β

95% CI

P-value

β

95% CI

P-value

Medium risk for malnutrition
(PG-SGA SF 4-8 points)

1.39

0.93 – 2.08

0.106

1.40

0.93 – 2.10

0.106

High risk for malnutrition
(PG-SGA SF ≥9 points)

0.91

0.60 – 1.39

0.664

1.05

0.68 –1.60

0.830

a

a

a Transformed back
b Adjusted for age, BMI, hypertension, smoking, ASA and type of surgery

Discussion
This study is the first in demonstrating that electively operated vascular surgery patients with
a medium to high risk for malnutrition are more prone to develop postoperative complications than patients with low risk for malnutrition. The patients at high risk for malnutrition
had a significantly higher Comprehensive Complication Index, which means that they have
a higher risk at developing either more complications or a more severe complication, than
those at low or medium risk for malnutrition.
In a busy outpatient setting, measuring or estimating the nutritional status of a patient,
for example by measuring fat-free mass and muscle strength, can be difficult.24 As a result,
nutritional status is often evaluated on body weight or BMI alone, which both proved to be
not valid.25 The nutritional screening instrument used in this study (PG-SGA SF) is found to
be among the few nutritional assessment instruments covering all domains of the conceptual
definition of malnutrition, as defined by ESPEN and ASPEN.26 The PG-SGA SF is a sensitive
instrument that can easily be used as a screening instrument and can be quickly completed
by the patient in less than 5 minutes. It addresses weight change and changes in food intake
and identifies nutrition-related impairments that can lead to future malnutrition.21 By identifying these domains, the PG-SGA SF assesses the risk for malnutrition. Therefore, a more
preventive treatment can be implemented, instead of reactive treatment when the patient
is already malnourished. These aspects of the PG-SGA SF enable the ability for not only
for the dietitians but also for physicians, nurses and physiotherapists, to intervene when a
patient is at risk for malnutrition.27 In surgical patients, malnutrition increases the risk of
infections, due to a decreased immune response and impairs wound healing, leading to a
poorer surgical outcome.28,29 In general, malnutrition in patients admitted to the hospital
is associated with a prolonged hospital length of stay and higher mortality.30 In various
studies, malnutrition has proved to be reversible with a suitable nutritional intervention.
31–33
In vascular surgery patients, a study investigating the effect of preventive nutritional
treatment on postoperative outcomes is currently lacking. Adequate nutritional screening
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can help detect those patients at highest risk for malnutrition and identify patients in need
for interventions, which may require both nutritional and exercise interventions.30, 34–37
Early and adequate nutritional consultation for malnourished patients has the ability to
reduce the hospital length of stay (LOS) with an average of 3.2 days in severe malnourished
patients.31 In cancer patients, nutritional treatment significantly reduced the risk of adverse
events.32 Moreover, preventive nutritional interventions were also associated with an improvement in functional and cognitive status in elderly at risk for malnutrition.33 These
findings, supported by our results, suggest that a preventive nutritional intervention might
also be helpful in vascular surgery patients at medium or high risk for malnutrition, to
reduce complications and subsequently a shorter hospital length of stay.
This study has some limitations that need to be addressed. First, we estimated the risk
for (future) malnutrition and we did not measure nutritional status. But by assessing the
risk, we discovered that even the presence of risk factors for future malnutrition could
lead to a higher risk for complications. Second, within the vascular surgery setting, the
PG-SGA SF is not a validated instrument for nutrition assessment yet, but a gold standard
is currently lacking. However, screening for nutritional risk is a positive step in improving
the pre-operative care for the individual patient and the PG-SGA SF has proven to be a
valuable tool, with good predictive validity. Third, the PG-SGA SF is a questionnaire that is
completed by the patient him- or herself. Because of several coping strategies or cognitive
impairments, the patient may report fewer or more problems than actually exist, leading to
an under- or overestimation of the nutritional impairments. Fourth, the number of patients
in the three malnutrition risk groups was not equal, and especially the number of patients in
the ‘high risk for malnutrition’ group was very low. Because of this skewness, the statistical
power was limited and this could have led to an underestimation of the relationship between risk for malnutrition and postoperative complications. We speculate that if the ‘high
risk’ group had been larger, the association between risk for malnutrition and postoperative
complications would have been stronger. Finally, our center is considered a tertiary referral
center, providing advanced specialized care. This may have led to a selection of patients
that may make our data somewhat less generalizable to other groups or cohorts of vascular
surgery patients.
In conclusion, electively operated vascular surgery patients with an estimated medium to
high risk for malnutrition are more likely to be at risk for developing postoperative complications. This finding suggests that preventive interdisciplinary interventions are needed in
vascular surgery patients, to improve nutritional status and reduce the risk of postoperative
complications. Future intervention studies are necessary to determine whether preventive
strategies will lead to better surgical outcomes.
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Abstract
Background & Aims Clinical signs of malnutrition, starvation, cachexia and sarcopenia
overlap, as they all imply muscle wasting to a various extent. However, the underlying
mechanisms differ fundamentally and therefore distinction between these phenomena
has therapeutic and prognostic implications. We aimed to determine whether dietitians in
selected European countries have ‘sufficient knowledge’ regarding malnutrition, starvation,
cachexia and sarcopenia, and use these terms in their daily clinical work.
Methods An anonymous online survey was performed among dietitians in Belgium, the
Netherlands, Norway and Sweden. ‘Sufficient knowledge’ was defined as having mentioned
at least two of the three common domains of malnutrition according to ESPEN definition of
malnutrition (2011): ‘nutritional balance’, ‘body composition’ and ‘functionality and clinical outcome’, and a correct answer to three cases on starvation, cachexia and sarcopenia.
Chi-square test was used to analyse differences in experience, work place and number of
malnourished patients treated between dietitians with ‘sufficient knowledge’ vs.‘less suffi
cient knowledge’.
Results 712/7186 responded to the questionnaire, of which data of 369 dietitians were included in the analysis (5%). The term ‘malnutrition’ is being used in clinical practice by 88%
of the respondents. Starvation, cachexia and sarcopenia is being used by 3%, 30% and 12%
respectively. The cases on starvation, cachexia and sarcopenia were correctly identified by
58%, 43% and 74% respectively. 13% of the respondents had ‘sufficient knowledge’. 31% of
the respondents identified all cases correctly. The proportion of respondents with ‘sufficient
knowledge’ was significantly higher in those working in a hospital or in municipality (16%,
P<0.041), as compared to those working in other settings (7%).
Conclusions The results of our survey among dietitians in four European countries show
that the percentage of dietitians with ‘sufficient knowledge’ regarding malnutrition, starvation, cachexia and sarcopenia is unsatisfactory (13%). The terms starvation, cachexia and
sarcopenia are not often used by dietitians in daily clinical work. As only one-third (31%)
of dietitians identified all cases correctly, the results of this study seem to indicate that
nutrition-related disorders are suboptimally recognized in clinical practice, which might
have a negative impact on nutritional treatment. The results of our study require confirmation in a larger sample of dietitians.
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Introduction
Malnutrition can be described as “a state resulting from lack of intake or uptake of nutrition
that leads 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” 1,2.
Malnutrition is being used as an umbrella term for various nutrition-related disorders 2, like
starvation, cachexia and sarcopenia. Starvation can be described as a pure deficit of food intake resulting in gradual loss of both fat mass and muscle mass.3 Cachexia has been defined
as “a complex metabolic syndrome associated with underlying illness and characterized by
loss of muscle with or without loss of fat mass”.4 Whereas cachexia is related to chronic to
subacute disease, sarcopenia can be considered a geriatric syndrome,5 characterized by the
age-associated loss of skeletal muscle mass and function.6
Clinical signs of malnutrition, starvation, cachexia and sarcopenia overlap, as they
all imply muscle wasting to a various extent, however the underlying mechanisms differ
fundamentally and therefore distinction between these phenomena has therapeutic and
prognostic implications. In contrast to starvation, optimal nutritional therapy will not fully
reverse decline of muscle mass in cachectic patients,7 although this depends on the stage of
the cachexia process.8 Furthermore, sarcopenia is a multifactorial condition in which not
only nutritional deficits play a role, but also age-related hormonal deregulation, changes in
the neuromuscular system and mitochondrial function, as well as genetic susceptibility and
sedentary behavior.5
It has been reported that better nutritional knowledge results in better nutritional
practice.9 To be able to distinguish starvation, cachexia, and sarcopenia from the umbrella
term malnutrition, sufficient knowledge on the characteristics and underlying etiology
of these phenomena is of utmost importance, to select adequate treatment. Thus far, the
level of knowledge on the mentioned nutrition-related disorders among dietitians has not
been extensively explored. A study in Australian dietitians reported that only 6% of the
respondents correctly identified starvation, 21% cachexia and 46% sarcopenia in provided
cases.10 Furthermore, an American survey showed that only 50% of the respondents, mostly
dietitians, were familiar with the 2012 Consensus Statement from the Academy of Nutrition
and Dietetics on adult malnutrition.11
In this study, we primarily aimed to determine whether dietitians in selected European
countries have sufficient knowledge regarding malnutrition, starvation, cachexia and sarcopenia, and use these terms in their daily clinical work. We hypothesized that respondents
with more experience or treating more malnourished patients, or those working in a hospital or in municipality (including nursing homes), have more sufficient knowledge. Secondly,
we aimed to provide an overview of current practices regarding diagnosis and treatment of
nutrition-related disorders.
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Materials and Methods
Study Population
This study was performed among dietitians in Belgium, the Netherlands, Sweden, and
Norway, who were recruited via national and regional Associations of Dietitians. Members
of these associations received an email request from their association, with information on
the study and a link to the anonymous online questionnaire. Dutch dietitians were invited
to participate in the study via social media as well. In Belgium, both the Flemish and the
French Association of Dietitians participated in recruiting respondents. The invitation
provided a brief introduction to the survey to enable prospective participants to gauge their
level of interest in the project. The total number of members of Associations of Dietitians
that received the request was 7186. Exclusion criteria were: being a student, and incomplete answers to key questions related to demographics (age, employment status, working
place and experience), and/or the definition of malnutrition, and/or cases. Demographic
information from respondents who did not complete knowledge-related questions was
taken into account to identify possible differences in demographics between the group that
completed the knowledge-related questions and the group that did not. In the Norwegian
questionnaire, the key questions were made mandatory automatically, and therefore had no
missing data on these questions. The exclusion procedure is presented in Figure 1.

Survey/Questionnaire
We received written permission from Alison Yaxley and Michelle Miller (Nutrition and
Dietetics, Flinders Clinical and Molecular Medicine, School of Medicine, Flinders University, Adelaide, Australia) to use their questionnaire in this European study. We adapted the
original questionnaire to the European context. A question on the definition of malnutrition was added. All participating countries reached consensus on the amendments. Table
1 shows the characteristics of the questionnaire which is available as online supplement.
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Figure 1 Exclusion procedure

Table 1. Characteristics of questionnaire
Topic

Response format

Examples of content

Demographic
questions

Questions
12

Multiple choice tick boxes, some with
space for comment, space for numbers

Age, years of experience,
employment status/hours

Definition of
malnutrition

1

Open ended space for text

Theoretical or operational
definitions of malnutrition

Case studies

3

4 multiple choice options, with space
for comment

Case studies of starvation,
cachexia and sarcopenia

Terminology
use

1

6 multiple choice options, with space
for comment

Malnutrition, starvation, cachexia
and sarcopenia

Screening and
Assessment

11

Multiple choice tick boxes, some with
space for comment

Screening instruments and
criteria for assessment

Treatment
options

7

Multiple choice tick boxes, some with
space for comment
Yes/no tick box

High protein diet, omega 3 fatty
acids, strength training

Use of
guidelines

3

Open ended space for text, multiple
choice tick boxes

Information on use of guidelines

Total

38
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The questionnaire was translated into the Swedish, Flemish, French, Norwegian and Dutch
language. Between 3 and 9 people were involved in the pilot testing in each country, which
resulted in changes in lay-out and text. Sweden carried out an extensive translational process
12
with expert review. Experts were asked to compare the translated and original versions
and rate the translation. The Norwegian translation was reviewed against the Swedish version. Pilot-testers in all four countries were encouraged to give comments and suggestions
for improvements.
In each country, data were collected via a web based questionnaire: ‘LimeSurvey’ in Belgium, ‘ThesisTools’ in The Netherlands, ‘Nettskjema’ by the University of Oslo in Norway,
and ‘Webropol’ in Sweden. Between September 2013 and September 2014, the survey was
online for three to four weeks in the four countries. One and/or two weeks after the initial
request, reminders were sent.

Testing of hypotheses
To test our primary hypothesis on the respondents’ knowledge, we asked respondents to
give a definition of malnutrition and provide a diagnosis on three cases regarding starvation,
cachexia and sarcopenia. Definitions given by the respondents were compared to the wellestablished ESPEN definition of malnutrition published in 2011.1 We divided the definition
of malnutrition into three domains: ‘nutritional balance’, ‘body composition’ and ‘func
tionality and clinical outcome’. We decided to score each domain or measurement belonging
to a domain, for example weight loss or BMI for the domain of body composition. Scores
varied from 0 for not mentioning any domain of the malnutrition definition, to 3 points for
mentioning all domains. Respondents that referred to a definition without actually descri
bing the definition itself received 0 points. Bad appetite or comparable problems were not
scored for any domain, as these symptoms do not necessarily imply imbalance in intake of
nutrients, but indicate a risk only. We defined ‘sufficient knowledge on malnutrition’ by sco
ring 2 or 3 points for the definition, in addition to a correct answer to all three case studies.
To test the other hypotheses, we compared the level of knowledge on malnutrition between respondents with short or long experience in treating patients, between respondents
working in a hospital or in municipality versus other workplaces, and between respondents
currently treating a few or large number of malnourished patients. To gain insight in the
use of specific terminology, respondents were asked to note which terms they use in their
patient documentation. To describe the nutritional assessment tools and therapies provided,
respondents were asked which instruments are used at their workplace to screen for malnutrition and which criteria and therapies they apply for starvation, cachexia and sarcopenia.

Statistical analysis
Answers from the questionnaire were analyzed using IBM SPSS version 23.0 (SPSS Inc.,
Chicago, IL, USA). Descriptive statistics are noted as percentages (%) and frequencies (N).
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Chi-squared or Fisher’s exact tests were used to compare the answers to the definition of
malnutrition and the cases with subgroups of respondents. Statistical significance was set
at p <0.05.

Ethical statement
The Research Ethics Committees in Belgium and the Netherlands ruled that no permission
from the Committee was needed to perform the study. In Norway and Sweden permission
was given to conduct this study. Informed consent was obtained from all respondents upon
completion of the survey. The answers to the questions were irreducible to personal identities.
4

Results
A total number of 712 persons responded to the online questionnaire, of which 369 res
pondents were included in the analysis (Figure 1). The group of 343 excluded respondents
consisted of 53 students and 290 persons with incomplete answers to the key questions.
Demographic characteristics of the respondents are shown in Table 2.
Table 2. Respondent characteristics
Demographic information

Age
</=30
31-40
41-50
>50
Experience
< 1 year
1-5
6-10
11-20
>20
Employment hours per week
1-17
18-35
>/=36
No current employment
Primary workplace
Hospital
Primary healthcare
Municipality*
Other

Belgium
(n=160)
N
%

Netherlands
(n=69)
N
%

Norway
(n=49)
N
%

Sweden
(n=91)
N
%

All
(n=369)
N
%

85
32
24
19

53.1
20.2
15
11.9

8
13
19
29

11.6
18.8
27.5
42

11
20
11
7

22.4
40.8
22.4
14.3

26
21
28
16

28.6
23.1
30.8
17.6

130
86
82
71

35.2
23.3
22.2
19.2

26
56
33
20
25

16.3
35
20.6
12.5
15.6

7
14
6
12
30

10.1
20.3
8.7
17.4
43.5

8
16
7
9
9

16.3
32.7
14.3
18.4
18.4

13
17
20
23
18

14.3
18.7
22
25.3
19.8

54
103
66
64
82

14.6
27.9
17.9
17.3
22.2

4
56
97
3

2.5
35
60.6
1.9

8
48
12
1

11.6
69.6
17.4
1.4

1
8
40
-

2
16.3
81.6
-

3
21
56
11

3.3
23.1
61.5
12.1

16
133
205
15

4.3
36
55.6
4.1

93
4
17
46

58.1
2.5
10.6
28.8

28
20
21

40.6
29.0
30.4

33
1
15

67.4
2.0
30.6

57
13
10
11

62.6
14.3
11.0
12.1

211
17
48
93

57.2
4.6
13.1
25.2

*Municipality includes elderly care and home care
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Respondents that did not complete the mandatory questions included a larger percentage with little or no experience (27%; 77/290), as compared to those that completed all
mandatory questions (15%; 54/369). Furthermore, in the group of participants that did not
complete the mandatory questions, the number of persons working 36 hours per week or
more was smaller (40%; 117/290) as compared to the group that completed all mandatory
questions (56%; 205/369). In the group of Belgian respondents, the proportion of respondents aged 30 years or younger was larger (53%) than in the other countries (12 to 29%).
Overall, the majority of the respondents (57%) was working in a hospital.
The results of the questions on the definition of malnutrition and the three cases are
shown in Table 3.
Table 3. Results of questions on knowledge
Coverage of the definition of
malnutrition

Belgium
(n=160)
N

%

Netherlands
(n=69)
N

%

Norway
(n=49)
N

Sweden
(n=91)

%

N

%

All
(n=369)
N

%

3 domains

14

8.8

9

13.0

2

4.1

14

15.4

39

10.6

2 domains

54

33.8

14

20.3

16

32.7

29

31.9

113

30.6

1 domain

86

53.8

41

59.4

18

36.7

44

48.4

189

51.2

0 domains

6

3.8

5

7.2

13

26.5

4

4.4

28

7.6

Domains
Nutritional balance

98

61.3

37

53.6

19

38.8

57

62.6

211

57.2

Body composition

97

60.6

43

62.3

30

61.2

64

70.3

234

63.4

Functionality & outcome

41

25.6

16

23.2

7

14.3

23

25.3

87

23.6

74

46.3

49

71.0

28

57.1

63

69.2

214

58.0

Case studies
Starvation
Cachexia

47

29.3

41

59.4

22

44.9

49

53.9

159

43.1

112

70.0

51

73.9

35

71.4

75

82.4

273

74.0

Correct answers to all cases

27

16.9

33

47.8

15

30.6

38

41.8

113

30.6

‘Sufficient knowledge’*

10

6.3

11

15.9

8

16.3

19

20.9

48

13.0

Sarcopenia

* Defined as scoring 2 or 3 domains of the definition of malnutrition and correct answers to all cases.

Respondents gave either an operational or a theoretical definition of malnutrition, by sta
ting they are using certain parameters to assess malnutrition, for example ‘weight loss’, or
by describing the construct of malnutrition, for example ‘a pathological state of too little
food intake resulting in diminished muscle power’. Of all respondents, 13% (48/369) had
‘sufficient knowledge’, i.e. scored two or three points on the question of the definition of
malnutrition and gave a correct answer to all cases. Forty-one percent scored 2 or 3 points
for the definition of malnutrition. Of all respondents, 57% (211/369) mentioned the domain
of nutritional balance and 63% (234/369) mentioned the domain of body composition.
Functionality and clinical outcome was the least mentioned domain (24%; 87/369). As for
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the cases, 58% (214/369) identified starvation, 43% (159/369) cachexia, and 74% (273/369)
identified sarcopenia. Thirty-one percent (113/369) identified all cases correctly.
Terminology use by the respondents is presented in Table 4. A large majority (88%,
326/369) of the respondents used the term ‘malnutrition’ in their local language and 30%
(109/369) used the term ‘cachexia’. Sarcopenia and starvation were rarely used terms, with
12% (43/369) and 3% (12/369) respectively.
Table 4. Use of terminology
Terms

Malnutrition

Belgium
(n=160)

The Netherlands
(n=69)

Norway
(n=49)

Sweden
(n=91)

All
(n=369)

N

%

N

%

N

%

N%

%

N

%

154

96.3

66

95.7

41

83.7

65

71.4

326

88.3

Starvation

1

0.6

2

2.9

0

0.0

9

9.9

12

3.3

Cachexia

63

39.4

24

34.8

4

8.2

18

19.8

109

29.5

Sarcopenia

24

15.0

15

21.7

0

0.0

4

4.4

43

11.7

Other/not applicable

14

8.8

26

37.7

13

26.5

29

31.9

82

22.2

The number of dietitians with ‘sufficient knowledge’ on malnutrition, starvation, cachexia
and sarcopenia did not significantly differ between dietitians with 0 up to 5 years of experience in treating patients (12%, 19/157) and dietitians with 6 or more years of experience
(14%, 29/212).
Nineteen percent of the respondents (70/369) did not treat malnourished patients or
did not submit an answer to the question on the number of malnourished patients treated.
Furthermore, the number of dietitians with ‘sufficient knowledge’ on malnutrition, starvation, cachexia and sarcopenia did not significantly differ between dietitians treating 1-5
malnourished patients per week (13%, 21/158) and those treating 6 or more malnourished
patients per week (16%, 22/141). However, the number of dietitians with ‘sufficient know
ledge’ on malnutrition, starvation, cachexia and sarcopenia significantly differed (p=0.041)
between dietitians working in hospitals and municipality care (including nursing homes)
(16%, 40/257) as compared to dietitians working in other work settings (7%, 8/108).
In Sweden the Swedish screening tool ‘Socialstyrelsen/Sveriges Kommuner och Lands
ting’ (SOS/SKL) and Mini Nutritional Assessment (MNA)13 and/or MNA Short Form
(MNA-SF) 14 were reported as the most frequently used malnutrition screening instruments,
as were the MNA(-SF) and Nutritional Risk Screening 2002 (NRS 2002) 15 in Belgium, the
NRS 2002 and the Malnutrition Universal Screening Tool (MUST) 16 in Norway, and the
Short Nutritional Assessment Questionnaire (SNAQ) 17 and/or SNAQ Residential Care
(SNAQ RC) or SNAQ 65+ 18,19 and MUST in The Netherlands.
Sarcopenia was the nutrition-related disorder most frequently assessed in clinical practice by our respondents, as 63% reported using criteria to diagnose sarcopenia. Cachexia
was assessed by 57% and starvation by 29% of the respondents (Table 5).
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Table 5. Proportion of dietitians assessing starvation, cachexia and sarcopenia in clinical practice
Case

Belgium The Netherlands
(n=160)
(n=69)

Norway
(n=49)

Sweden
(n=91)

All
(n=369)

N

%

N

%

N

%

N

%

N

%

Starvation

110/160

68.8

6/69

8.7

30/49

61.2

24/91

26.4

170/369

46.1

Cachexia

65/160

40.6

21/69

30.4

37/49

75.5

62/91

68.1

185/369

50.1

The questions on which specific criteria were used to assess starvation, cachexia and sarcopenia were not mandatory for inclusion in the analysis and too few respondents completed
these questions. The most frequently mentioned therapy options for starvation were a high
energy diet, snacks and oral nutritional supplements. For cachexia and sarcopenia the most
provided therapies were high energy diet, high protein diet and snacks. Due to a technical
error in the online questionnaire, no data on the subject of provided therapies were collected in The Netherlands. Of all respondents, 65% (241/369) reported to use either local/
regional, national or European guidelines in the treatment of malnutrition.

Discussion
In this survey performed in four Western European countries, we found a low percentage
(13%) of dietitians with ‘sufficient knowledge’ regarding malnutrition, starvation, cachexia
and sarcopenia. We also found that the terms starvation, cachexia and sarcopenia are not
often used by dietitians in daily clinical work. Less than half of the respondents sufficiently
scored on the definition of malnutrition. Moreover, only one third of the respondents identified all cases correctly. The findings of our study also indicated that the provided therapies
for the different phenomena are not specifically aimed at a certain diagnosis, but rather at
malnutrition in general. As hypothesized, we found that ‘sufficient knowledge’ on malnutrition, starvation, cachexia and sarcopenia is more frequently present in respondents working
in a hospital or in municipality, including nursing homes, than in their colleagues. However,
in contrast to our hypothesis, we did not find differences in knowledge on the nutritionrelated disorders between respondents with more working experience, as compared to those
with less working experience.
The finding that respondents reported limited use of the terms cachexia (30%), sarcopenia (12%) and starvation (3%) in their daily work documentation might indicate that these
nutrition-related disorders are suboptimally recognized in clinical practice. However, in
reality patients may suffer from multiple nutrition-related disorders at the same time and it
may be likely that the most prominent phenomenon is being diagnosed, possibly explaining
the more frequent documentation of cachexia as compared to starvation and sarcopenia.
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Compared to the Australian survey,10 our respondents performed better than the Australian respondents. In our study 58%, 43%, and 74% of the respondents recognized starvation, cachexia and sarcopenia, in contrast to 6%, 21% and 46% in the Australian survey. We
speculate that the better performance of our respondents might be explained by increased
worldwide awareness on nutrition-related disorders among dietitians, related to a number
of consensus papers on terminology of these nutrition-related disorders in recent years.4,20-22
Between the four countries, the proportion of dietitians with ‘sufficient knowledge’ varied from 6% in Belgium to 21% in Sweden. Unfortunately our sample size was too small to
test significance of differences found between countries. Respondents working in a hospital
or in municipality (including nursing homes) have significantly more ‘sufficient knowledge’
than their colleagues in other workplaces. This finding suggests that working in an institutional environment is enhancing for the development of knowledge, probably because
malnutrition, starvation, cachexia and sarcopenia are likely to be more present in patients in
hospitals and municipality/nursing homes. Interestingly, we found no association between
working experience or treating more malnourished patients and the level of knowledge.
However, as our study was underpowered, we cannot rule out that the small sample size has
resulted in a type II error.
The discussion on definitions of nutrition-related disorders is evolving. Consensus definitions of malnutrition have been published since 200320,23 up to 2015.1,2 The first consensus
definition of cachexia was published in 20084 and on sarcopenia in 2010,21 indicating that
these are relatively new concepts. Even though definitions, terminology and operationalisations might change over time, it remains important to recognize the etiology of nutritionrelated disorders in clinical practice. In spite of the overlap in clinical appearance, adequate
distinction between the disorders has therapeutic and prognostic implications. The awareness on this matter seems to increase, but since only 30% of our respondents performed
a correct diagnosis in all three case studies, this study indicates a strong need for further
practical guidance to make dietitians more skilled in assessment of nutritional status and
supply adequate care accordingly. Dietitians and their patients do not seem to profit enough
from scientific developments concerning the recognition of and distinction between the
various nutrition-related disorders. Unfortunately we have no insight in perceived re
levance of this distinction by dietitians. The recently developed ESPEN consensus statement
on diagnostic criteria for malnutrition2 gives guidance to dietitians on how to recognize
and assess malnutrition. Thus far, it is unclear to what extent scientific developments on
nutrition-related disorders have made their way into higher educational and post-graduate
educational programmes.
The nutritional care process presupposes teamwork and can be considered an interdisciplinary responsibility, for which not only sufficient knowledge in dietitians is needed,
but also in doctors, nurses and other relevant disciplines. Previous research has shown that
insufficient knowledge among doctors and nurses might lead to inappropriate nutritional
57
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practice.9 Future research is needed to assess the knowledge on starvation, cachexia and
sarcopenia in other members of the interdisciplinary team.
Our study had some limitations that need to be addressed. First, the response rate was
lower than expected. However, our response rate (5.1%) was comparable to the Australian
survey by Yaxley et al. (5.5%). Given the normal distribution of respondents among the age
groups, there is no indication for large differences between target population and sample
characteristics. The group that completed the mandatory questions differed in years of
working experience and in working hours per week. However, the response rate has been
underestimated due to the response by students. As a result of the recruitment method
used, students had the opportunity to respond to the survey, although they were not the
target population. As we did not have the possibility to exclude students from the survey
beforehand, we had to exclude them, which lowered the response rate. Therefore it was not
possible to perform statistical analysis to test differences between countries. For this same
reason we cannot extrapolate the results to the European continent. Second, the number
of questions in the questionnaire may have been too high, which may have contributed to
the large proportion of respondents not completing all questions, and consequently to the
small sample size. Third, the results on assessment in clinical practice demonstrate some
contradiction to the low percentage of dietitians with sufficient knowledge and the limited
use of specific terminology, suggesting that approximately 50% of our respondents assesses
nutrition-related disorders. This implicates that our questions on assessment in clinical
practice were not stated clear enough and the results should be interpreted with caution.
Finally, one could argue that the method used to assess ‘sufficient knowledge’ may lack discriminating capacity. The questionnaire contained the same cases as the Australian survey
by Yaxley et al., so that we would be able to compare the results, and was complemented
with a question on the definition of malnutrition. We considered this relevant because the
construct of malnutrition is basic dietetic knowledge and important when performing
assessment and consequently providing adequate therapy.
In conclusion, the results of our survey among dietitians in four European countries
show that the percentage of dietitians with ‘sufficient knowledge’ regarding malnutrition,
starvation, cachexia and sarcopenia is unsatisfactory (13%) and that the terms starvation,
cachexia and sarcopenia are not often used by dietitians in daily clinical work. Only onethird (31%) of the respondents identified all cases correctly. This seems to indicate that
nutrition-related disorders are suboptimally recognized in clinical practice, which might
have negative impact on nutritional treatment. The results of our study require confirmation
in a larger sample of dietitians.
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Abstract
Prevalence of malnutrition in patients with tuberculosis (TB) is estimated at 70%. In
this population, malnutrition is associated with a doubled risk of dying. Malnutrition is
established as the most important risk factor for re-activation of TB, with a reported 27%
attributable risk. This scoping review provides insight in how malnutrition is assessed in
studies with TB patients, and the TB-specific implications of malnutrition. Furthermore, we
aimed to explore which nutritional interventions are studied in TB patients.
Only 6% of the studies used nutritional assessment methods that attribute to the three
domains of the conceptual definition of malnutrition. Functionality is understudied in TB
patients. Nevertheless, studies on physical function in TB patients indicate a significant
decrease in functionality. Cognitive function as a determinant of mental health has rarely
been assessed in adult TB patients. Several studies have reported on mental health problems in TB patients, revealing moderate to strong associations between psychosocial or
emotional distress, or (risk for) depression, or anxiety with 24 different factors in patients
with TB. Malabsorption may be an underappreciated aspect of malnutrition with regard
to TB treatment, as a decreased bioavailability of anti-TB drugs may result in low drug
exposure. Changes in body composition may contribute to toxicity of TB drugs in patients
with malnutrition. Thirty-five percent of the studies on nutritional interventions did not
assess nutritional status at baseline. Primary outcome measures of nutritional intervention
studies were mainly other than nutritional parameters. Only two studies referred to national
guidelines regarding treatment of malnutrition.
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Introduction
In 2016, tuberculosis (TB) was the infectious disease with the highest number of new patients, i.e., 10.4 million, and the infectious disease with the highest mortality, i.e., 1.7 million
that died from TB.1 The World Health Organization (WHO) ‘End TB Strategy’ requires a
90% reduction of TB deaths and an 80% reduction in the TB incidence rate by 2030.2 In
recent years, the annual decline in TB incidence worldwide has been very small, i.e., 2%.
This annual decline in TB incidence therefore needs to accelerate to a 4–5% by the year of
2020, to reach the first milestones of the WHO’s End TB Strategy.1 TB is highly prevalent
among people living in resource limited areas.1 Hunger-related malnutrition caused by
food-insecurity impacts the immune system of these people.1,3,4 People living in these areas
are more likely to be infected with TB because of an impaired immune system and frequent
exposure to the bacteria from other infected patients.1
Malnutrition is defined as ‘a state resulting from lack of intake or uptake of nutrition
that leads 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’
by the European Society for Clinical Nutrition and Metabolism (ESPEN).3 Prevalence of
malnutrition in patients with TB is estimated at 70%, and in this population, malnutrition is
associated with a doubled risk of dying.5 Malnutrition is established as the most important
risk factor for re-activation of TB, with a reported 27% attributable risk.6 Other risk factors
include: indoor air pollution (22%), smoking (16%), HIV (11%), alcohol abuse (10%), and
diabetes (8%).6
In patients with TB, two different types of malnutrition can be present: hunger-related
malnutrition before being actively infected and disease-related malnutrition after the active
infection, often due to loss of appetite, malabsorption, and/or inflammation-driven catabolism.3,4 A low body mass index (BMI) is a characteristic of chronic malnutrition such as
hunger-related malnutrition.7 However, disease-related malnutrition leads to loss of fat-free
mass, in all individuals including those who are overweight or obese.3 Therefore, even TB
patients with either a normal or high BMI may be malnourished.
A better understanding of the concept of malnutrition and its relation to TB may
contribute to the WHO goal of ending the TB epidemic.2 Malnutrition is considered an
important potentially reversible risk factor for TB treatment failure.8 Throughout the history of European civilisation, nutritional care has been an important, if not the dominant,
component of TB treatment. Lacking adequate drugs, Hippocrates’ TB treatment consisted
of resting, praying, drinking milk, exercise, and avoiding of extreme weather conditions.9
At the end of the nineteenth century, in the first sanatorium for TB patients, a more specific
nutritional regimen was implemented in TB treatment: this diet was ‘a mix of meat with
plenty of vegetables’.10 Patients had frequent, smaller meals as this was considered better for
their delicate stomachs and wine was important in the diet. Furthermore, to treat symptoms
65
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Table 1. Operationalisation of malnutrition as assessed in studies in patients with TB
Study

Year of
publication

Frediani JK, et al.86

Country

Reported type of study A

Number of TB patients
assessed for malnutrition
B

2015

Georgia

(Prospective cohort)

191

Wondwossen A, et al.87 2015

Ethiopia

Prospective cohort

124 (including children)

Medellin-Garibay SE,
et al.88

2015

Mexico

Longitudinal prospective 48

Bacelo AC, et al.62

2015

Brazil

Observational
prospective follow-up

68

Ezeamama AE, et al.89

2015

Uganda

Longitudinal

208 (including children)

Golemba AS, et al.90

2015

Argentina

observational and
descriptive

118 (including children)

Brake te LHM, et al. 91

2015

Indonesia

descriptive

36

Maeda S, et al. 92

2014

Vietnam

Cohort

464 C

93

2014

China

Retrospective case
control

480

2013

China

(Prospective)

29

2013

Uganda

Prospective cohort

50

Miyata S, et al. 18

2013

Japan

(Retrospective)

53

Bhargava A, et al.5

2013

India

Retrospective cohort
study

1523 C

Piva SG, et al.95

2013

Brazil

cross sectional
descriptive study

72 (including children)

Rudolph M, et al. 75

2013

South Africa (pilot intervention)

87

Gupta S, et al. 96

2012

India

Cross-sectional
observational

45 (including children)

Lins TB, et al.21

2012

Brazil

Retrospective cohort

115

Tian PW, et al.
Yuan K, et al.22

Nyendak MR, et al.

94

Kawai K, et al. 97

2011

Tanzania

Observational

887

Schön T, et al. 98

2011

Ethiopia

Controlled randomized
clinical trial

179 C (including
children)

Miyata S, et al. 19

2011

Japan

(Prospective)

39 (including children)
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Percentage of HIV/
AIDS infected TB
patients

Type of TB

Method used to assess malnutrition

Prevalence of
malnutrition
among TB
patients E

Not specified

Pulmonary

BMI<18.5 kg/m2

24%

Not specified

Pulmonary and
extrapulmonary

BMI<18.5 kg/m2

3.2% F

0% (were excluded
from study)

Various locations, including
pulmonary

BMI<18.49 kg/m2

21.7%

32.4%

Pulmonary, extrapulmonary
& disseminated

100%
biomarkers (4 anthropometric, 4
haematological, 2 biochemical and 5
micronutrients)

100%

Pulmonary

BMI<18.5 kg/m2

33.2% F

5.1%

Various types, including
pulmonary

BMI≤20 kg/m2

6.1% F

0% (were excluded
from study)

Pulmonary

BMI<18.5 kg/m2

30.6%

8.2% D

Pulmonary

BMI<18.5 kg/m2

55.2% F

Pulmonary

2

BMI<18.5 kg/m and/or serum
albumin < 30 g/L

28.5%

Spinal

serum total protein: <50 g/L

17.2%

25.3%

D

0%

2

0% (were excluded
from study)

Pulmonary

BMI≤17 kg/m

Not specified

Pulmonary

Full Mini Nutritional Assessment

73.6%

2.3%%

Pulmonary

BMI<18.5 kg/m2

89.2%

Not specified

Pulmonary

BMI<18.5 kg/m2

50.0%

67.0%

Not specified

Examination of hair, eyes, lips,
gums, tongue, skin and nails.

50.0%

Not specified

Pulmonary

BMI<18.5 kg/m2

73.3% F

53.0%

Albumin <3.4 g/dL
Pulmonary, disseminated,
pleuropulmonary, lymph
node, central nervous system,
intestinal, osseous

53.1%

Pulmonary

BMI<18.5 kg/m2

43.3%

38.3%

Pulmonary

BMI<18.5 kg/m2

Not given

Not specified

Pulmonary

Subjective Global Assessment

69.2% F

5

30.0%

70.0%

67

Chapter 5
Table 1. Operationalisation of malnutrition as assessed in studies in patients with TB (continued)
Study

Podewils LJ, et al.99

Year of
publication

Country

Reported type of study A

Number of TB patients
assessed for malnutrition
B

2011

Latvia

Retrospective

995

100

2010

Uganda

Observational

576 C (including
children)

Kim JH, et al.101

2010

South Korea

(Prospective)

23

2010

Uganda

Cross-sectional

445

Jong de BC, et al.

2009

Gambia

(Prospective)

214 C (including
children)

Martins N, et al.104

2009

Timor-Leste

Parallel group
randomised controlled
trial

268 C

Ollé-Goig JE

Mupere E, et al. 102
103

Pakasi TA, et al. 105

2009

Indonesia

cross-sectional

300 (including children)

Pakasi TA, et al.106

2009

Timor &
Indonesia

case-control

121

Ulasli SS, et al. 107

2009

Turkey

Retrospective cohort

24

Ramakrishnan K, et
al. 108

2008

India

Cross-sectional

40

Dodor EA 109

2008

Ghana

Interventional

570

Bose K, et al.110

2007

India

comparative

282 (including children)

Warmelink G, et al. 111

2007

The
Netherlands

Retrospective

32

Oosterhout van JJ, et
al.112

2007

Malawi

(Prospective)

27

Karyadi E, et al.113

2007

Indonesia

Case control

41 (including children)

A

When no informative description was given by the authors on the type of study, the authors put their
interpretation between parentheses.
B
If children (people <18 years of age) were included, this was mentioned between parentheses. If data on
children and adults was separated in studies that included both adults and children, data from the child group
was not included in this table.
C
Not every TB patient in this study was assessed for malnutrition.
D
Not every TB patient in this study was assessed for HIV/AIDS.
E
If there were several groups of TB patients that were compared, the prevalence of malnutrition was calculated
by the authors of this review
F
Prevalence among adults not clear as there was no distinction made between children and adults.
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Percentage of HIV/
AIDS infected TB
patients

Type of TB

Method used to assess malnutrition

Prevalence of
malnutrition
among TB
patients E

3.9% D

Pulmonary

BMI<18.5 kg/m2

20.0%

Not specified

BMI≤18.4 kg/m2

54.3% F

0% (were excluded
from study)

Pulmonary

2 anthropometric markers and 4 lab 34.8%
values

44.0%

Pulmonary

BMI<18.5 kg/m2

66.7%

D

D

2

39.6%

Pulmonary

BMI<16 kg/m for adults >20 years
of age,
BMI-for-age-Z-score <3 for
participants <20 years of age

17.3%

Not specified

Pulmonary

BMI<18.5 kg/m2

79.5%

Not specified

Pulmonary

BMI<18.5 kg/m2

83% F

Not specified

Pulmonary

BMI≤18.5 kg/m

2

86.8%

Not specified

Various locations

BMI<20 kg/m2

9.2%

5

50.0%
2

52.5%

50.0%

Pulmonary

BMI<18.5 kg/m

0% (were excluded
from study)

Pulmonary

BMI<18.5 kg/m2

51.0%

Not specified

Not specified

BMI<18.5 kg/m2

54.3% F

28.1%

Not specified

weight loss >5% within 1 month
and/or BMI<18.5 kg/m2

62.5%

100%

Pulmonary

BMI<18.5 kg/m2

78.0%

Not specified

Pulmonary

BMI<18.5 kg/m2

65.9% F
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like night sweats, cognac was used.10 Finally, in the first randomized trial testing the potential of streptomycin injections, the control-standard care consisted of nutrition and bed
rest.11 These historical nutritional advices were at best experience-based or worst case-based
on assumptions only, and as to the best of our knowledge, their effectiveness has not been
studied.
It was not until 2013 that the WHO presented their first guideline on nutritional care
and support specifically for TB patients. In this guideline, to prevent failure of the treatment,
the WHO stressed that all patients with active TB should receive individualized nutritional
assessment and management, including dietary counselling and nutritional interventions.12
However, currently no nutritional assessment tool validated in TB patients is available.
Moreover, little is known on how malnutrition impacts patients on TB, and consensus on
which nutritional interventions are effective is lacking. This scoping review provides insight
in how malnutrition is operationalized in studies with TB patients, and describes the TBspecific implications of malnutrition. Furthermore, we aimed to explore which nutritional
interventions are studied in TB patients, after the WHO guideline on nutritional care and
support for patients with TB was published.
Operationalization of malnutrition as assessed in studies in patients with TB
The consensus definition of malnutrition by ESPEN is merely a conceptual definition;
due the absence of a gold standard for diagnosing malnutrition, it is still debated how malnutrition should be operationalized.13 In 2015, ESPEN published their first consensus on
diagnostic criteria for malnutrition, 14 but these criteria are subject to discussion.15
To report on how malnutrition is assessed in studies on TB, we determined the extent
of content validity of the nutritional assessment methods used, by evaluating the attribution of these methods to the three domains of the ESPEN definition of malnutrition. These
domains are: uptake or intake of nutrition (Domain A), body composition (Domain B), and
physical and mental function (Domain C).16,17
On March 24th 2017, PubMed, CINAHL, and Cochrane Central one author searched
for studies written in the English or Dutch language and published from 2007, to provide
a time frame of the most recent decade. A broad search strategy was performed. Details on
the search strategy, criteria, study selection, and data collection are presented in Annex 1.
The search identified a total of 321 studie, sfrom which 62 duplicates were removed. The re
maining 259 studies were screened by title and abstract (see Annex 2 for details on criteria),
which resulted in the removal of 156 inappropriate studies. Based on their full-text, 103
studies were assessed, from which 68 studies were removed, which resulted in the inclusion
of 35 publications, as shown in Table 1. Figure 1 shows a flow chart of the selection process.
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Figure 1: Flow chart of the selection process

Among these 35 studies, four were RCTs or non-randomized interventional studies, three
case control studies, and 28 observational studies. Ten different methods to operationalize
malnutrition were found. The sole use of BMI (with various cut-off points) was counted as
one, two other methods included BMI optionally combined with other parameters. Table
2 gives an overview of these methods, their frequency of use and their coverage of three
domains of the definition of malnutrition. Eighty-six percent (30/35) of the studies used
a unidimensional tool, i.e. assessing solely one domain. In only 2/35 (6%) of the studies a
method was used that attributed to all three domains: the full Mini Nutritional Assessment
(MNA) and the Subjective Global Assessment (SGA).18,19 Three methods attributed to none
of the three domains: Examination of hair, eyes, lips, gums, tongue, skin and nails, albumin
<3.4 g/dL and serum total protein: <50 g/L.20-22 BMI, with different cut-off values, was used
to assess malnutrition in 74% (26/35) of the studies.

Implications of malnutrition in patients with TB
In disease in general, malnutrition is reported to have a huge impact on patients’ outcomes
and healthcare costs.23 Postoperative complications, risk of injury from falling, hospitalacquired infections, risk of death, and costs of care are significantly higher in malnourished
patients.24-28 The specific implications of malnutrition with regard to patients with TB will
be discussed here.
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Table 2: Nutritional assessment methods and their coverage of the domains of the definition of malnutrition 3
Nutritional assessment method

Frequency Coverage of the domains of definition of
of use
malnutrition
Intake or uptake
of nutrients

Body
Function
composition

BMI <18.5 kg/m2

19

✓

BMI ≤18.5 kg/m2

1

✓

BMI <18.49 kg/m

1

✓

BMI ≤18.4 kg/m2

1

✓

BMI ≤20 kg/m2

1

✓

2

BMI <20 kg/m

1

✓

BMI ≤17 kg/m2

1

✓

1
BMI < 16 kg/m for adults over 20 years of age
BMI-for-age-Z-score <3 for participants under 20
years of age

✓

weight loss >5% within 1 month and/or BMI
<18.5 kg/m2

1

✓

biomarkers (4 anthropometric, 4 haematological,
2 biochemical and 5 micronutrients) 5

1

✓

2 anthropometric markers and 4 lab values 6

1

✓

BMI <18.5 and/or serum albumin < 30 g/L

1

✓

Albumin <3.4 g/dL

1

2

2

serum total protein: <50 g/L

1

Full Mini Nutritional Assessment

1

✓

✓

✓

Subjective Global Assessment

1

✓

✓

✓

Examination of hair, eyes, lips, gums, tongue, skin 1
and nails. 7
5,6,7: see Annex 5,6,7

Physical function
In general, disease-related malnutrition is associated with a decline in several physical functions, such as muscle, cardiovascular, renal, respiratory, gastrointestinal, thermo-regulation,
and immune function, and wound healing.4,29-39 Physical function, in combination with
functional capacity or ‘fitness’, is the individual’s capacity to undertake everyday tasks.40
Being able to perform everyday tasks is crucial for living independently and for participa
ting in society, as regaining of physical function shortens the time needed for recovery and
enables TB patients to resume work.41
In three case-control studies proxy measures of physical function were evaluated. One
study, in which physical function was operationalized as six-minute walk distance, found
significantly lowered distances in patients newly diagnosed with TB.42 Another study using
accelerometry and heart rate monitoring reported a reduced level of activity in patients with
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TB.43 A third study reported severe decrease in handgrip strength in TB patients prior to
treatment.44

Mental function
Otherwise healthy adults with an insufficient diet may have severe emotional distress and
depression.45 We defined mental function as ‘mental health’ according to the WHO definition: ‘Mental health is defined as a state of well-being in which every individual realizes
his or her own potential, can cope with the normal stresses of life, can work productively
and fruitfully, and is able to make a contribution to her or his community’.46 Assessment of
cognitive function, as a determinant of mental health, is uncommon in the somatic adult
population, except for elderly patients.4
To our knowledge, no studies reporting in the English language have been carried out
to explore cognitive function in adult TB patients, except for patients with TB meningitis.
Apart from cognitive function, mental health in TB patients may be determined by either
psychosocial or emotional distress, or (risk for) depression, or anxiety. The prevalence of
depression and anxiety in patients with TB has been reported to be 43% and 42% respectively in one study.47
Observational cohort studies reporting on psychosocial or emotional distress, or (risk
for) depression, or anxiety in patients with TB found associations between these determinants of mental health and: male gender, and in another study female gender, older age, lower
education, marital status, disease duration, extra-pulmonary TB, multi-drug resistant-TB
(MDR-TB), previous treatment for TB, HIV coinfection, low BMI, dyspnoea, drug toxicity,
poverty, unemployment, comorbidities, presence of ≥4 symptoms, pain, night sweats, and
low perceived social support, perceived stigma, substance abuse, being in intensive phase
of treatment, undergoing treatment longer than 6 months, and a family history of mental
illness.47-56

Malnutrition-related clinical outcomes
Malabsorption
In general, malnutrition may be associated with malabsorption of nutrients, both as an
effect and as a cause.4 Malnutrition may cause malabsorption of drugs as well, by decrea
sing the gastro-intestinal function. As bioavailability of oral drugs largely depends on the
absorption capacity of the digestive tract, malabsorption of drugs due to malnutrition may
influence bioavailability of drugs.57 Malabsorption may be an underappreciated aspect of
malnutrition with regard to TB treatment, as a decreased bioavailability of anti-TB drugs
may result in low drug exposure. The latter causes treatment failure and development of
drug resistance.6
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Toxicity
To estimate the dose required to achieve adequate plasma concentration of anti TB drugs,
the volume of distribution, a proportionality factor, of a drug is used. The volume of distribution varies with body composition.58 Fat-free mass determines the volume of distribution
of many hydrophilic TB drugs. A lowered volume of distribution and impaired capacity
of liver and kidney for drug elimination as a result of malnutrition may result in higher
exposure to hydrophilic first line anti-TB drugs, such as isoniazid and pyrazinamid.59 Such
a change in body composition may therefore contribute to toxicity of TB drugs in patients
with malnutrition. Malnutrition in obese patients (i.e. low fat-free mass with high total
body weight) was reported to result in overdosing of ethambutol if dosing is calculated
based on the total body weight.60

Nutritional intervention studies in patients with TB
In addition to the recommendation that all TB patients are entitled to adequate nutritional
care, the WHO states that nutritional management of malnutrition in TB patients should be
no different than in other patients, and should be aimed at restoration of nutritional status.12
Nevertheless, malnutrition remains highly prevalent in TB patients.5
To explore which nutritional interventions in TB patients have been conducted since
the publication of the WHO guideline, a literature search was performed. On June 23rd
2017, CINAHL, Cochrane Central and PubMed one author searched for studies on nutritional interventions in adult TB patients. Studies in the English or Dutch language that
were published in or after 2013 were included. A broad search strategy that was adjusted to
each database was performed. For details on the search strategy, see Annex 3. The search
identified 116 studies, 86 of which remained after removal of 30 duplicates. In addition,
we added 6 studies that were published in 2013 or later not identified through this search,
but cited in the systematic review ‘Nutritional supplements for people being treated for
active tuberculosis (2016)’.61 In total, 92 studies were screened by title and abstract (see
Annex 4 for details on criteria), after which 62 studies were removed. Thus, 30 studies were
assessed based on their full-text, from which 13 studies were removed, which resulted in
the inclusion of 17 publications, as shown in Table 3A. Two studies were performed in the
same study population but with a different primary outcome parameter.62,63 Figure 2 shows
a flow chart of the selection process.
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Figure 2: Flow diagram of selection process

As shown in Table 3A, 2/17 (12%) studies provided individual dietary counselling,62,63
whereas 15/17 (88%) provided a supplementation.64-78 Five studies provided a protein/
amino acid or energy supplementation, four of which combined this with micronutrient
supplementation. Furthermore, eight studies provided solely micronutrient supplementation: vitamin A, D, and/or zinc, and two studies provided solely a food extract supplement,
ginger extract and channa striatus.
Five studies reported significantly positive results with regard to a nutritional parameter
such as weight gain, or handgrip strength. Three of these five studies included protein/amino
acid or energy supplementation, the other two studies solely provided micronutrients. Six
studies reported significantly positive results with regard to primary outcome parameters,
such as resolution of chest radiograph abnormalities or rifampin exposure. In four of these
six studies only micronutrients, and in two protein/amino acid or energy, combined with
micronutrients were supplemented.
Fifteen out of 17 studies were RCT/interventional studies, the other two were observational studies. As shown in Table 3B, in 65% of the studies (11/17), a nutritional parameter
was assessed at baseline. In 59% of the studies (10/17) a nutritional parameter was assessed
at the end of the study. Studies that did not assess a nutritional parameter at baseline (35%,
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Table 3A. General details of nutritional intervention studies (n=17)
First author, year
of publication and
country

Reported type of study Nutritional intervention

Bacelo AC, et al.
(2017) Brazil 63

Observational
prospective follow-up
study

Dietary counseling according to the Brazilian Ministry of
Health

Bacelo AC, et al.
(2015)
Brazil 62

Observational
prospective follow-up
study

Dietary counseling according to the Brazilian Ministry of
Health

Kulkarni RA, et al.
(2016)
India 64

Randomized, placebo- 250 mg. of ginger extract, twice a day after a meal
controlled trial

Tukvadze N, et al.
(2015)
Georgia 65

Bouble-blind,
randomized, placebocontrolled, intent-totreat trial

50,000 IU (1.25 mg) vitamin D3 orally 3 times weekly for 8
consecutive weeks followed by 50,000 IU vitamin D3 orally
every 2 wk for an additional 8 wk.

Mily A, et al. (2015)
Bangladesh 66

Randomized, doubleblind, placebocontrolled trial

(1) placebo PBA and placebo vitD3 or (2) 500 mg twice
daily of PBA and placebo vitD3 or (3) placebo PBA and
5000 IU of vitD3 once daily or (4) PBA+vitD3.

Daley P, et al. (2015)
India 67

Randomized, double- four doses of tasteless, odorless 2·5 mg vitamin D3 oil
(100 000 IU per dose) orally, once every 2 weeks for 8
blind, placebocontrolled, superiority weeks
trial

Denti P, et al. (2015)
Tanzania 68

Open-label
randomized clinical
trial

Biscuit containing 1000 kcal and vitamins and minerals

Farazi A, et al. (2015) Randomized placeboIran 69
controlled trial

L-arginine (1000 mg pure L-arginine hydrochloride) or
placebo (1000 mg sugar), twice daily administered orally

Kawai K, et al. (2014) Randomized, doubleTanzania 70
blind, placebocontrolled trial

micronutrients (5000 IU retinol, 20 mg vitamin B1, 20
mg vitamin B2, 100 mg niacin, 25 mg vitamin B6, 50 μg
vitamin B12, 500 mg vitamin C, 200 mg vitamin E, 0·8 mg
folic acid, 100 μg selenium)

Jeremiah K, et al.
(2014)
Tanzania 71

high-energy and vitamin/mineral-enriched biscuits
open-label,
randomized,
controlled clinical trial

Guzman-Rivero M, et (randomized clinical
al. (2014)
trial)
Bolivia 72

315 mg of zinc
gluconate

Salahuddin, et al.
(2013)
Pakistan 73

600,000 IU of intramuscular vitamin D3 (cholecalciferol)
for 2 doses one month apart

76

randomized double
blinded, multi-center,
placebo-controlled
clinical trial
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Duration of
nutritional
intervention

Number of TB
patients who received
intervention/number
of control subjects

Percentage of TB
patients infected with
HIV

Primary outcome measure

180 days

68/no controls

67.6%

Self-reported adherence to the counseling

180 days

68/no controls

67.6%

Recovery from nutritional impairment

30 days

34/35

0%

Anti-inflammatory effects, as measured
by serum TNF alpha, serum Ferritin and
serum MDA

16 weeks

100/99 (placebo)

2.0% (not all TB
patients were tested
for HIV)

Time to sputum culture conversion

2 months

72 PBA + vit D, 72
vit D, 72 PBA/72
(placebo)

0% (were excluded
from study)

Proportion of TB patients to become
culture negative at week 4 and assessment
of clinical endpoints at week 8

8 weeks

121/126 (placebo)

0% (were excluded
from study)

Time to sputum culture conversion

2 months

51/49 (no biscuits)

50.0%

Exposure of isoniazid, pyrazinamide, or
ethambutol.

30 days

32/31 (placebo)

0% (were excluded
from study)

Clinical outcome from disease

8 months

200/223 (placebo)

36.9%

T cell-mediated immune responses as
measured by lymphocyte proliferative
responses to T-cell mitogens or
mycobacterial antigens

2 months

51/49 (no biscuits)

50%

Rifampin exposure

3 months

10/11 (placebo)

0% (were excluded
from study)

Immune function as measured by PBMC
proliferation, production of INF-y
and the CD4+/CD8+ ratio

12 weeks

132/127 (placebo)

0% (were excluded
from study)

Weight gain and resolution of chest
radiograph abnormalities.
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Table 3A. General details of nutritional intervention studies (n=17) (continued)
First author, year
of publication and
country

Reported type of study Nutritional intervention

Ginawi I, et al. (2013) randomized, doubleIndia 74
blind,
placebo-controlled
trial

placebo or vitamin A or zinc or
vitamin & zinc both. Each micronutrient
capsule contained 1500 retinol equivalents (5000
IU) vitamin A (as retinyl acetate) and 15 mg Zn (as
zinc sulfate).

Rudolph M, et al.
(2013)
South Africa 75

(Pilot intervention
study)

‘e’Pap’ 100 g daily, mixed with cool or warm water, or
sprinkled over cooked food

Paliliewu N, et al.
(2013)
Indonesia 76

Randomized, placebo- Channa striatus capsules 2 g. 3 times a day
controlled, doubleblind pilot study

Singh AK, et al.
(2013)
India 77

Randomized clinical
trial

Group 1: only anti TB treatment
Group 2: 500 mg. calcium and 250IU vitamin D, once
every day for the first 10 days, then three times a week for
the remaining time plus anti TB treatment.Group 3: zinc
50 mg. and vitamin A 25000 IU, once every day for the
first week, then three times a week for the remaining time
plus anti TB treatment.

Ralph AP, et al.
(2013)
Indonesia 78

4-arm randomized,
double-blind, placebocontrolled factorial
trial

(A) active L-arginine 6 g. daily, plus active cholecalciferol
50,000 IU (1250 mcg) at baseline and on day 28; (B) active
L-arginine plus placebo cholecalciferol (dosing regimen as
above); (C) placebo L-arginine plus active cholecalciferol;
(D) placebo L-arginine plus placebo cholecalciferol
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Duration of
nutritional
intervention

Number of TB
patients who received
intervention/number
of control subjects

Percentage of TB
patients infected with
HIV

Primary outcome measure

6 months

Vit.A-47, Zinc-49 and
Vit A & Zinc41/41 (placebo)

Not specified

Tuberculosis treatment

2 months

87/no controls

67.0% of

Nutritional status

12 weeks

18/18 (placebo)

0% (were excluded
from study)

Cytokine response and sputum smear
conversion

6 months

11 received calcium + Not specified
vitamin D, 13 received
zinc + vitamin
A, 13 received no
micronutrients

8 weeks

50 in group A, 49 in
group B, 51 in group
C, 50 in group D.

5

Sputum conversion during the first two
months of anti TB treatment

13.1% (not all patients Proportion of participants with negative
were tested)
sputum culture on liquid medium at week
4, and a composite clinical severity score
at week 8.
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6/17) monitored other clinical parameters, such as sputum smear microscopy, serum vitamin D levels, and lymphocyte proliferative responses. In 53% (9/17) studies, results of the
nutritional intervention with regard to a nutritional parameter were reported. One study
reported monitoring of dietary intake during the intervention period.63 No studies reported
calculations of patients’ individual nutritional needs. One study reported monitoring of
nutrition impact symptoms.63 Two studies referred to international or national guidelines
regarding treatment of malnutrition.62,63

Conclusions
The current review shows that only 6% of the studies used assessment methods that attribute to all domains of the conceptual definition of malnutrition.3 BMI < 18.5 kg/m2 as an
operationalization of malnutrition was used by more than half of the studies. The criterion
of BMI < 18.5 kg/m2 may be justified at a public health population level, since a low BMI
is a characteristic of chronic malnutrition that involves loss of both fat and muscle tissue.7
However, in clinical settings, using only BMI is of questionable relevance for assessing
malnutrition, since in disease-related malnutrition predominantly muscle tissue is lost and
even a small loss of muscle tissue has significant negative implications.7 With the current
overweight and obesity epidemic around the world, patients with catabolic diseases such as
TB may lose more than 20% of their weight and muscle mass within 3 to 6 months, and still
have BMI values at or above normal ranges.79 For example: a patient with a length of 1.73 m
and a weight of 90 kg has a BMI 30 kg/m2. With 20% weight loss, BMI is still 25 kg/m2 and
not even close to the criterion of 18.5 kg/m2.
The current review also identified that functionality is understudied in TB patients.
Isolation regulations during initial treatment period may impede studying physical function in TB patients.80 Nevertheless, studies on physical function in TB patients indicate a
significant decrease in functionality. Cognitive function as a determinant of mental health
has rarely been assessed in adult TB patients. Several studies have reported on mental health
problems in TB patients, revealing moderate to strong associations between psychosocial or
emotional distress, or (risk for) depression, or anxiety with 24 different factors in patients
with TB. This finding implies that mental health in patients with TB may be considered
multifactorial. Prevalence rates of depression and anxiety reported in TB patients, 43% and
42% respectively, are markedly increased compared to those in the general population, 4.4%
and 3.6% respectively.81 At this time, we have too little knowledge on physical and mental
function in TB patients to know to which extent any decrease in physical and mental function is associated with nutritional status.
As fat-free mass represents the volume of distribution of many hydrophilic TB drugs,
drug distribution in the body may be increased by loss of fat-free mass due malnutrition.
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✓

✓

X

✓

✓

✓

Bacelo AC, et al. (2015)
Brazil

✓

X

X

X

✓

✓

X

X

Kulkarni RA, et al. (2016)
India

X

X

X

X

X

X

X

X**

Tukvadze N, et al. (2015)
Georgia

✓

X

X

X

X

X

X

Mily A, et al. (2015)
Bangladesh

X

X

X

X

X

X

✓

Daley P, et al. (2015)
India

✓

X

X

X

X

✓

Denti P, et al. (2015)
Tanzania

✓

X

X

X

X

✓

Farazi A, et al. (2015)
Iran

✓

X

X

X

X

✓

Kawai K, et al. (2014)
Tanzania

X

X

X

X

X

X

Jeremiah K, et al. (2014)
Tanzania

✓

X

X

X

X

✓

Guzman-Rivero M, et al.
(2014) Bolivia

X

X

X

X

X

X

Salahuddin, et al. (2013)
Pakistan

✓

X

X

X

X

✓

Ginawi I, et al. (2013)
India

X

X

X

X

X

X

Rudolph M, et al. (2013)
South Africa

✓

X

X

X

X

✓

Paliliewu N, et al. (2013)
Indonesia

X

X

X

X

X

X

Singh AK, et al. (2013)
India

✓

X

X

X

X

✓

✓

✓

Ralph AP, et al. (2013)
Indonesia

✓

X

X

X

X

✓

X

X

Significant positive
results with regard to
primary outcome

Monitoring of
Nutrition Impact
Symptoms

Significant positive
results with regard to
nutritional parameter*

Assessment of
individual nutritional
needs

Assessment of
nutritional parameter*
at end of study

Monitoring total
dietary intake during
study

Bacelo AC, et al. (2017)
Brazil

First author, year of
publication and country

Referring to (inter)
national guidelines

Assessment of
nutritional parameter*
at start of study

Table 3B. Details of nutritional intervention studies with regard to assessment of nutritional parameters
and reported results (n=17)

X

X

5

X
X

✓

X
X

✓

✓
X

✓

✓
✓

X/✓

X/✓
X

*attributing to at least one of the domains of the conceptual definition of malnutrition or consensus diagnostic
criteria by ESPEN, ü=YES, X=NO, empty= not reported
**reported significant results in the placebo group as well, therefore not considered to be significant
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However, malabsorption due to malnutrition on the other hand may reduce drug exposure.
Therapeutic drug monitoring (TDM) could therefore be helpful in adequate dosing, to
prevent low or toxic drug exposure.8,82 There is a paucity of data to appreciate the role of
malnutrition-related factors of clinical outcome, both in the context of pharmacotherapy
as well as all other health-related aspects of nutritional status.8 Increased knowledge may
provide new pathways to improve outcomes in TB.
Only 65% of the studies on nutritional interventions assessed nutritional status at
baseline. So, one third of studies that investigated a nutritional intervention did not perform baseline nutritional assessment. Interventions are thus applied to a group of patients
whether malnourished or not, which makes it difficult to draw clear conclusions with regard
to the effect of the intervention, since the intervention may have been performed on nonmalnourished patients as well.
Primary outcome measures of most of nutritional intervention studies were mainly
other than nutritional parameters, such as resolution of chest radiograph abnormalities or
rifampin exposure, and 53% of the studies reported any results with regard to a nutritional
parameter. These findings suggest that half of the studies on nutritional interventions do not
consider nutritional status relevant for the interpretation of the results of their nutritional
interventions, or do not have the skills to evaluate nutritional status.
A possible confounding factor in the study design of the studies reviewed was the absence of estimation or calculation of individual nutritional needs compared to monitoring
of their current dietary intake. Thus, patients were given an intervention regardless of their
individual nutritional requirements, and it is unknown to what extent the intervention may
have replaced certain elements of a patient’s diet instead of increasing total daily intake.
Furthermore, only one study addressed nutrition impact symptoms such as nausea, pain,
and anorexia. Patients experiencing these symptoms are obviously less likely to benefit from
oral supplemental nutrition if these symptoms are not addressed appropriately.
Only two studies referred to national guidelines regarding treatment of malnutrition.
The overall absence of reference to (inter)national guidelines on treatment of malnutrition implies there may be a gap between nutritional science and clinical practice. Overall,
the study design of studies on nutritional interventions reflected ignorance or neglect of
scientific and operational nutritional definitions and/or a conceptual framework.
In conclusion, awareness of the concept of malnutrition and nutritional assessment in
health care professionals working with TB patients may need improvement. Nutritional
assessment tools that attribute to the three domains of malnutrition should be validated in
TB patients. The Scored Patient-Generated Subjective Global Assessment (PG-SGA© FD
Ottery 2005, 2006, 2015) is a commonly used instrument for nutritional assessment and
has first been validated in the oncology setting, and later in other patient populations.83,84
In addition, the original English PG-SGA has been translated and culturally adapted for
various other settings. The PG-SGA is one of the few nutritional assessment instruments
82
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covering all domains of the definition of malnutrition.85 The PG-SGA displays the specific
components of nutritional status by scoring, and its simple questions give guidance to the
required interdisciplinary interventions, depending on the components that generate the
scores. This means that the healthcare professional can easily identify which problems need
to be focused on, to improve nutritional status.
In addition, physical and mental function with regard to nutritional status in TB patients
should be studied to explore the impact of malnutrition in these domains. Exploration of
a TDM program for malnourished TB patients may be helpful to assess the relationship
between malnutrition and bio-availability of TB drugs. Future nutritional intervention
studies should be carefully designed as to truly study effects of nutritional interventions.
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Annex 1: Details of the search strategy, title abstract selection, data extraction and results
Studies that focused on and assessed malnutrition or undernutrition in adult, microbiological confirmed TB patients were included. Studies that included both adults and children
were included as well. Because the assessment methods are the focus of this review, rather
than the outcome, varying types of articles were considered, including randomized clinical
trials, short communications, observational studies and quasi-experimental studies. Reviews were excluded, because the aim of this review is to give an overview of the assessment
methods used in original studies. Case reports were excluded. Abstracts were excluded as
well. All types of TB were included, as well as patients who also suffered from comorbidities
such as HIV. No distinction was made between the varying degrees of malnutrition such as
mild, moderate or severe malnutrition. Studies with all types of assessment methods were
included. Studies were excluded if they assessed risk for malnutrition.
Excluded were all studies published before 2007.
For a full list of inclusion and exclusion criteria, see Annex 2. Duplicates were removed.
Selection based on title was made by one author (RB), who consulted a second author (LtB)
in case of doubt regarding eligibility. The process was repeated for the abstract and full-text
articles until consensus was reached.
PubMed
(“Malnutrition”[Mesh] OR “Malnutrition”[All Fields] OR Malnourishment[All Fields]
OR Malnourished [All Fields] OR “Nutritional Deficiency”[All Fields] OR “Nutritional
Deficiencies”[All Fields] OR Undernutrition[All Fields] OR Undernourished[All Fields]
OR Undernourishment[All Fields] OR “Nutritional Status”[Mesh] OR “Nutritional
Status”[All Fields] OR “Nutrition Status”[All Fields]) AND (“Tuberculosis”[Mesh] OR
“Tuberculosis”[Title] OR TB[Title]) AND (“Adult”[Mesh] OR “Adult”[All Fields] OR
“Adults”[All Fields]) AND (English[lang] OR Dutch[lang]) NOT (animals NOT humans)
Cochrane Central
#1
MeSH descriptor: [Malnutrition] explode all trees
#2
Malnutrition
#3
Malnourishment
#4
Malnourished
#5
Nutritional deficiency
#6
Nutritional deficiencies
#7
Undernutrition
#8
Undernourished
#9
Undernourishment
#10
MeSH descriptor: [Nutritional Status] explode all trees
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#11
Nutritional status
#12
Nutrition status
#13
MeSH descriptor: [Tuberculosis] explode all trees
#14
Tuberculosis:ti
#15
TB:ti
#16
MeSH descriptor: [Adult] explode all trees
#17
Adult
#18
Adults
#19 	(#1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12) and (#13
or #14 or #15) and (#16 or #17 or #18)
CINAHL Plus with Full Text
S1
MH Malnutrition OR MH “Nutritional Status”
S2
malnutrition OR malnourishment OR malnourished OR “nutritional deficiency”
OR “nutritional deficiencies” OR undernutrition OR undernourishment
OR undernourished OR nutritional status OR nutrition status
S3
S1 OR S2
S4
MH tuberculosis
S5
TI tuberculosis OR TI TB
S6
S4 OR S5
S7
MH Adult+
S8
adult OR adults
S9
S7 OR S8
S10
S3 AND S6 AND S9
S11
S3 AND S6 AND S9 Limiters - Published Date: 20070101-20161231
Domain A was considered covered if an assessment method addressed nutritional intake
or uptake. For domain B, anthropometric measurement, such as weight, BMI or skinfold
measurements or measurement of body cell mass were considered covering domain B.
Domain C was considered to be covered if functionality was addressed in any way, such as
physical function tests or questions about activities of daily living. Laboratory tests in serum
were not considered to attribute to any of the domains. Micronutriënt or trace elements
in serum are not representative for intake or uptake of protein or energy.3 Serum values
of albumine or CRP are parameters for inflammation but are not related to parameters of
protein/energy intake or functionality, nor do they represent body composition: “there are
no good biochemical markers of the nutritional status. Plasma albumin and transthyretin/
prealbumin concentrations may be used mainly to indicate and monitor catabolic activity.
Their validity as nutrition indicators is low in view of their perturbation by inflammation”. 3
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Annex 2: Details of inclusion and exclusion criteria
Exclusion criteria title/abstract
• “Tuberculosis” or related terms not in title
• Children or infants are the only subject
• Study is a review
• Study is a case report
• Study is a correspondence not including patients
• Focus of the study is not on TB patients
• Focus of the study is latent TB
• Study focused on risk of TB or whole population was at risk/assessed
• Study focused on the period after recovery from TB
• No mention of nutritional status or related terms, anthropometric measurements or any
terms relating to dietary intake that imply any type of operationalization of malnutrition
• Nutritional status is mentioned, but refers only to a specific micronutrient
• Study protocols
Exclusion criteria for full text
• Malnutrition not assessed
• Method used to assess malnutrition not specified
• No clear cut-off values or scoring system for used method, if it were a method that allowed
for numerical scoring such as anthropometric measurements or lab values. If a study
differentiated between varying degrees of malnutrition (moderate, severe etc.) and only
provided cut-off values for the severe case, it was excluded as well.
• Risk of malnutrition was assessed
• Only abstract available
• Other language than English or Dutch
• Same authors, study population and methods as other study

Annex 3: Details of the search strategy, title abstract selection, data extraction and results
The focus of this search was any nutritional intervention that was used for adults TB
patients. This included clinical trials and prospective studies. Studies that included both
adults and children were included as well. No distinction was made between the types of
TB. Studies that focused on TB patients with various comorbidities, such as HIV, were
included as well. All types of nutritional interventions were included, including proteinenergy supplementation, micronutrient supplementation and sole dietary counselling.
Studies were excluded if there was no nutritional intervention or dietary counselling.
Reviews were excluded as well since the focus of this review is on the original articles
so that new conclusions can be drawn. For a full list of inclusion -and exclusion criteria,
see Annex 7. Duplicates were removed. Selection based on title was made by one author
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(RB), who consulted a second author (LtB) in case of doubt regarding eligibility. The
process was repeated for the abstract and full-text articles until consensus was reached.
To assess the effectiveness of each nutritional intervention on nutritional status, nutritional
parameters were evaluated. If no nutritional assessment tool was used, BMI or weight were
evaluated if present. If the study provided no information regarding the nutritional status in
terms of nutritional assessment tools, BMI or weight, or only provided in weight and length
without any qualification or follow-up, nutritional status was considered to be not assessed.
Excluded were all studies published before 2013.
PubMed
(“Nutrition therapy”[Mesh] OR “Nutrition therapy”[All Fields] OR “Nutritional therapy”[All
Fields] OR “Nutrition support”[All Fields] OR “Nutritional support”[All Fields] OR “Nutrition intervention”[All Fields] OR “Nutritional intervention”[All Fields] OR “Nutritional
supplement”[All Fields] OR “Nutrition supplement”[All Fields] OR “Nutritional Care”[All
Fields] OR “Dietary Supplements”[Mesh] OR “Dietary Supplements”[All Fields] OR
“Diet therapy”[Mesh] or “Diet therapy”[All Fields] OR “Diet intervention”[All Fields] OR
“Dietary intervention”[All Fields] OR “Dietary proteins”[Mesh] Or “Dietary proteins”[All
Fields] OR “Dietary care”[All Fields] OR “Food, fortified”[Mesh] OR “Fortified Food”[All
Fields] OR “Protein supplementation”[All Fields] OR “Energy supplementation”[All
Fields] OR Diet[Mesh] OR Diet[All Fields] OR “Dietary counseling”[All Fields]) AND
(“Tuberculosis”[Mesh] OR “Tuberculosis”[Title] OR TB[Title]) AND (“Adult”[Mesh] OR
“Adult”[All Fields] OR “Adults”[All Fields]) AND (English[lang] OR Dutch[lang]) NOT
(animals NOT humans)
Cochrane Central
#1
MeSH descriptor: [Nutrition Therapy] explode all trees
#2
nutrition therapy
#3
Nutritional therapy
#4
Nutrition support
#5
Nutritional support
#6
Nutrition intervention
#7
Nutritional intervention
#8
Nutritional supplement
#9
Nutrition supplement
#10
Nutritional Care
#11
MeSH descriptor: [Dietary Supplements] explode all trees
#12
dietary supplements
#13
MeSH descriptor: [Diet Therapy] explode all trees
#14
Diet therapy
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#15
Diet intervention
#16
Dietary intervention
#17
MeSH descriptor: [Dietary Proteins] explode all trees
#18
Dietary proteins
#19
Dietary care
#20
MeSH descriptor: [Food, Fortified] explode all trees
#21
Fortified Food
#22
Protein supplementation
#23
Energy supplementation
#24
MeSH descriptor: [Diet] explode all trees
#25
diet
#26
dietary counseling
#27
MeSH descriptor: [Tuberculosis] explode all trees
#28
Tuberculosis:ti
#29
TB:ti
#30
MeSH descriptor: [Adult] explode all trees
#31
Adult
#32
Adults
#33
(#1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or
#14 or #15 or #16 or #17 or #18 or #19 or #20 or #21 or #22 or #23 or #24 or #25 or #26)
and (#27 or #28 or #29) and (#30 or #31 or #32)
CINAHL
S1 MH nutrition therapy OR MH Dietary supplements OR MH diet therapy OR MH dietary
proteins OR MH food, fortified OR MH diet
S2 nutrition therapy OR nutritional therapy OR nutrition support OR nutritional support
OR nutrition intervention OR nutritional intervention OR nutritional supplement OR
nutrition supplement OR nutritional care OR dietary supplements OR diet therapy OR
diet intervention
S3 dietary intervention OR dietary proteins OR dietary care OR fortified food OR protein
supplementation OR energy supplementation OR diet OR dietary counseling
S4
S1 OR S2 OR S3
S5
MH Tuberculosis
S6
TI Tuberculosis or TI TB
S7
S5 OR S6
S8
MH Adult+
S9
Adult OR Adults
S10
S8 OR S9
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S11
S12

S4 AND S7 AND S10
S4 AND S7 AND S10 Limiters - Published Date: 20120101-20161231

Annex 4: Details of inclusion and exclusion criteria
Exclusion criteria for title/abstract
• “Tuberculosis” or related terms not in title
• Study is a case report
• Children or infants are the only subject
• Focus not on TB patients
• Study is a review
• No mention of any type of nutritional assessment
Exclusion criteria for full text
• No nutritional intervention
• Nutritional intervention was shorter than 7 days
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Annex 5: Details of assessment method
biomarkers (anthropometric, hematological, biochemical and micronutrients)
BMI 18.5-24.9 Kg/m2
MUAC 28.5-29.3 cm
TSF 11.4-18.2 mm
MAMC 21.0-27.8 cm
Hemoglobin 11.0-18.0 g/dl
Hematocrit 34.0-54.0 %
Globulin 2.5-4.0 g/dl
Albumin 3.4-5.0 g/dl
TIBC 250.0-450.0 mcg/dl
Tranferrin 250-300 mg/dl
Retinol >0.7 mcg/dl
Tocopherol >5.0 mg/l
Zinc >70.0 mg/dl
Selenium 70.0-90.0 mcg/l
Iron 50.0-170.0 mcg/dl
If one or more of the biomarkers were out of the reverence values, the person was considered to be malnourished
Annex 6: Details of assessment method
2 anthropometric markers and 4 blood values.
PIBW <90
BMI <18.5
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serum albumin <3.5 g/dL
total lymphocyte count (TLC) <1.800
total cholesterol <90 mg/dL
hemoglobin <12 g/dL women, <14g/dL men
Each factor was assigned a value of 1 if present or 0 if absent and the malnutrition score
(0–6) was obtained by summation of the number of abnormal parameters for each patient.
Patients with TB were further divided into 2 groups based on the malnutrition score:
well-nourished (score < 3) and malnourished (score ≥ 3).

Annex 7: Details of assessment method
Examination of hair, eyes, lips, gums, tongue, skin and nails.
Trained nursing staff examined the participants for signs of malnutrition in the hair (lack
of shine, thin, sparse, loose, flag sign), eyes (dry, foamy spots, night blindness, redness), lips
(cheilosis, angular stomatitis), gums (spongy, bleeding), tongue (sore, smooth), skin (dry,
scaling) and nails (spoon shaped, brittle, ridged, pale).
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Abstract
Background and aims Malnutrition and sarcopenia are common nutrition(-related) disorders in patients with COPD and are associated with negative health outcomes and mortality.
This study aims to correlate ultrasound measured rectus femoris size with fat-free mass and
muscle function in patients with COPD.
Methods Patients with COPD, at the start of a pulmonary rehabilitation program, were
asked to participate in this study. Rectus femoris (RF) size (thickness in cm, cross-sectional
area [CSA] in cm2) was determined by ultrasound (Philips VISIQ). Fat-free mass index
(FFMI in kg/m2) was estimated with bioelectrical impedance analyses, using a diseasespecific equation. Handgrip strength (HGS) was measured in kilograms and the five times
sit to stand test (in seconds, higher scores indicating decreased strength) was performed to
assess leg muscle power. The Incremental Shuttle Walk Test (ISWT, in m) was used to assess
maximal exercise capacity.
Results In total, 44 patients with COPD (mean age 59.8±8.6 years, 43% male, median
FEV1%pred 37 [IQR=23-52]) were included. Greater RF-CSA and thickness were associated
with higher FFMI (r=0.572;r =0.526, respectively) and HGS (CSA r=0.584, thickness r=0.475).
No significant correlations between RF- thickness, CSA, and leg muscle power were found
(r=-0.332; r=-0.351, respectively). Furthermore, no correlation between RF size and maximal exercise capacity was observed (thickness r=0.213, CSA r=0.223).
Conclusions This exploratory study shows that in patients with COPD, rectus femoris
size is moderately strong correlated with FFMI and HGS. These findings may indicate that
ultrasound may play an important role in the evaluation of nutritional status.
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Introduction
Chronic Obstructive Pulmonary Disease (COPD) is a complex disease, involving more than
airflow limitation.1-3 The disease burden is largely determined by extra-pulmonary impediments, such as impaired muscle function. Loss of muscle mass and impaired muscle function are key characteristics of both malnutrition and sarcopenia.4,5 In patients with COPD,
both malnutrition and sarcopenia are highly prevalent, with estimates ranging from 11%
to 62% for malnutrition6-9, and 23% for sarcopenia.2,9 In this population, in particular the
assessment of lower extremity muscle mass has become of interest, since depletion of lower
extremity muscle mass is associated with poorer physical function10,11, whereas depletion of
the muscles in the upper body are more prone to nutritional deficits.12
Methods used for the assessment of lower extremity muscle mass are, for example, dualenergy absorptiometry (DXA) and segmental bioelectrical impedance analysis (BIA). DXA
is a valid and reliable method, however, high costs and limited access to the equipment may
preclude its use in clinical practice.13 BIA, on the other hand, is a reliable method, but its
validity is limited and strongly relies on the type of equation that is used.14,15 Alternatively,
ultrasound is a valid and reliable method that facilitates both quantification and qualification, e.g., evaluation of the amount of intramuscular fat, of peripheral muscles.16,17 In
general, little is known about the relationship between peripheral muscle size and (whole
body) muscle mass, but also about the association between muscle size and muscle function. A few studies in patients with COPD, have shown that ultrasound measured rectus
femoris size is moderately related to fat-free mass18,19, and muscle function, e.g., quadriceps
strength18-21, and physical performance.20,21 However, the measurement methods used for
the assessment of muscle function in these studies are not used in clinical practice. In clinical practice, handgrip strength, the five times sit to stand test, and the Incremental Shuttle
Walk Test (ISWT) are commonly used for the assessment of muscle function.22,23 To the
best of our knowledge, no studies have focused on the relationship between ultrasound
measured muscle size and these tools used in daily practice for the assessment of muscle
function. Therefore, this study aims to study the relationship between ultrasound measured
muscle size and fat-free mass and muscle function in patients with COPD.

Materials and methods
Design and setting
This study was part of a larger observational study on disease-related malnutrition, frailty,
and disability in patients with COPD. For this study, data collected between March 2015
and January 2017 were used. Recruitment, written informed consent, and study procedures
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were approved by the Medical Ethical Committee of the University Medical Center Groningen (reference 2014/432). This study was registered in the Dutch Trial register (NTR5107).

Population
Adult patients with COPD starting a pulmonary rehabilitation program of nine weeks
were recruited from the University Medical Center Groningen, Center for Rehabilitation.
Participants were included if they were aged 40 years and older, were able to understand and
speak the Dutch language, were diagnosed with COPD by a pulmonary physician, if they
were attending the full rehabilitation program, and were not wheelchair bound. Participants
with a pacemaker, undergoing palliative treatment, or having skin problems, or with any
contra-indication for physical activities or severe cognitive disabilities were excluded from
participation in the study.

Measurements
Ultrasound
Ultrasound measurements were performed by two dietitians and one undergraduate dietitian, who were trained in muscle ultrasound. Portable B-mode ultrasound (Philips, VISIQ)
with a 5.0 MHz curved-array transducer was applied to obtain transverse images of the
rectus femoris. All measurements were performed on the right leg, with the participant in
a supine position. During the measurements, the participants were instructed to relax their
leg muscles. Measurements were taken at half point of length between epicondylus lateralis
and trochanter major of the femur. Minimal transducer pressure was applied to avoid
compression of the muscle. Two independent ultrasonographers subsequently analyzed the
ultrasound images. Rectus femoris size was assessed in two ways: thickness (in cm) and
cross-sectional area (CSA, in cm2). The measurements were performed from the frozen ultrasound on-screen images using the inbuilt software. Rectus femoris thickness was defined
as the distance between the superficial and the deep aponeurosis. For the assessment of the
CSA, the fascial borders of the rectus femoris were identified and an automatic ellipse/region of interest was used. The mean value of three consecutive measurements of rectus
femoris thickness and CSA was recorded.

FFM
Fat-free mass was measured using multi-frequency BIA (Quadscan 4000,Bodystat).24
FFM was estimated using the disease-specific Rutten equation25:
FFM (kg) = -11.81 + 0.245 x weight + 0.298 x height2 / impedance + 0.148 x height +
5.248 x gender (1 for male, 0 for female)
Fat- free mass index (FFMI) (kg/m2) = total fat free mass / height2
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Muscle function

Handgrip strength
Handgrip strength was determined with a JAMAR handheld dynamometer. Measurements
were performed three times per side. The best performance of either the right-hand or the
left-hand side was used and defined as the maximum handgrip strength in kilograms.26

Leg muscle power
The five times sit to stand test was used to determine leg muscle power (seconds).27 Participants were asked to stand up five times from a height-adjustable chair without armrests as
fast as possible, without using the arms for support. During the test, the participants were
asked to cross their arms across their chest. The five times sit to stand test was completed
after the participants’ final stand-up. Leg muscle power was measured as the amount of time
taken to rise from the chair and was expressed in seconds, with higher scores indicating
decreased power.
6

Maximal exercise capacity
The Incremental Shuttle Walk Test (ISWT) was used to measure maximal exercise capacity
(meters).28 Participants were instructed to walk a 10 meter course for as long as possible.
The walking speed was progressively increased and was externally controlled with acoustic
signals. Participants had to reach the end of the course in time before the audio signal. The
test was ended if they failed to do so, or when they indicated they were exhausted. Maximal
exercise capacity was expressed in meters.

Statistical analyses
The Shapiro-Wilk test was used to evaluate data for normal distribution. Categorical
variables were expressed as relative frequencies and continuous variables were presented as the means ± standard deviations (SD) or median and interquartile range
(IQR) for non-normally distributed variables. Correlations were tested using Pearson
coefficients (normally distributed data) or Spearmans rho (not-normally distributed data).
For the ultrasound measurements, the inter-rater measurement reliability, i.e., reliability of solely the analyses of the ultrasound images, was determined by
Intra-class Correlation Coefficients (ICC) and Bland-Altman plots. Rater 1 had more
than four years, and Rater 2 had one year experience in muscle ultrasound. Excellent agreement between the raters is defined as an ICC score of ≥ 0.81.29 In case of
excellent agreement, the measurements of Rater 1 were used for further analyses.
All statistical analyses were performed using the Statistical Package for Social Sciences version 23.0 (SPSS Inc., Chicago, IL, USA). The level of statistical significance was set at p<0.05.
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Results
Of the 84 patients who agreed to participate in the larger observational study and met the
inclusion criteria, ultrasound was performed in 44 patients (Table 1). The mean age of the
study population was 60.2±9.0 years of which 19 (43%) were men, and the median FEV1
was 0.96 L (IQR=0.80-1.49). No participants were classified as GOLD stage I, 34% were
classified as GOLD stage II, 34% as GOLD stage III and 32% as GOLD stage IV.
Table 1 General characteristics of the study population (N=44)
Male
Age (y), mean (SD)

19 (43)
60.2 (9.0)

Smoking
No

1 (2)

Former

28 (64)

Current

15 (34)

Pulmonary function
FEV1 (L)

0.96 (0.80-1.49)

FEV1 (% predicted)

38.0 (27.0-55.8)

FEV1/FVC (%)

39.0 (30.3-48.0)

GOLD 2011 classification
Mild

0 (0)

Moderate

15 (34)

Severe

15 (34)

Very severe

14 (32)

BMI (kg/m2), mean (SD)

26.32 (6.53)

FFMI (kg/m2) mean (SD)
N=37

17.24 (2.76)

Five times sit to stand (sec)
N=39

14.85 (11.2-18.7)

Data are presented as N (%) or median
(interquartile range), unless otherwise stated.
BMI, body mass index; FEV, forced expiratory volume; FFMI, fat free mass index

Ultrasound measured rectus femoris thickness (ICC=0.94, 95%CI: 0.91-0.94) and
CSA (ICC=0.87, 95%CI:0.73-0.94), showed excellent inter-rater measurement reliability.
Bland-Altman analysis demonstrated a smallsystematic error of 0.11 cm between the
observers and 0.09 cm2 for measuring muscle thickness and muscle CSA, respectively
(Figure 1).
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Of the 44 patients with available ultrasound images, 30 ultrasound images (68%)
were used for the analysis. Fourteen ultrasound images could not be interpreted, due to
decreased definition of the rectus femoris. No statistical significant differences in age, BMI,
FFMI, triceps skinfold, or severity of COPD were found between the patients of which
ultrasound images could be interpreted and those of which the images could not be interpreted (p=0.787, p=0.812, p=0.885, p=0.903 and p=0.693, respectively).

Muscle size in relation to FFM and muscle function
Mean muscle thickness was 1.81±0.40 cm for males and 1.58±0.28 cm for females (p=0.086)
(Table 1). Patients with (very) severe COPD had lower rectus femoris CSA (8.15±2.89 cm2)
and thickness (1.66±0.36 cm) compared to patients with moderate COPD (CSA: 8.66±2.74
cm2; thickness: 1.72±0.35 cm), although this difference was not statistically significant
(p=0.65 and p=0.68). Higher FFMI was associated with greater rectus femoris CSA and
thickness (r=0.572, p= 0.001 and r=0.526, p=0.003, respectively) (Figure 2 and 3). In patients with moderate COPD, the correlation between rectus femoris thickness and FFMI
(r=0.70, p=0.015), was stronger than in patients with (very) severe COPD (r=0.40, p=0.08).
Furthermore, rectus femoris CSA and thickness were correlated with handgrip strength
(r=0.584, p<0.001; r=0.475, p=0.009, respectively). Rectus femoris CSA and thickness were
not significantly correlated with leg muscle power (r=-0.351, p=0.073 and r=-0.332, p=0.09,
respectively). Furthermore, we did not observe a correlation between rectus femoris muscle
size and maximal exercise capacity (thickness: r=0.213, p=0.297; CSA: r=0.223, p=0.274)
(Table 2).

103

6

Chapter 6

Table 2 Correlations of rectus femoris thickness and CSA with muscle strength and mass.
Muscle thickness (in cm)
r

p-value

Muscle CSA (in cm2)
r

p-value

2

SMI (kg/m )

0.553

0.002*

0.569

<0.001*

Handgrip strength (kg)

0.475

0.009*

0.584

<0.001*

Five times sit to stand test (sec)

-0.332

0.091

-0.351

0.073

Maximal exercise capacity (m)

0.213

0.297

0.223

0.274

SMI, skeletal muscle mass index.
* significant correlation (p<0.05)
Expressed as Pearson correlation coefficient (r)
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6

Discussion
This study demonstrated that in patients with COPD starting a pulmonary rehabilitation
program, ultrasound measured rectus femoris size, i.e. thickness and CSA, is correlated
with fat-free mass and handgrip strength. However, no significant correlation was found
between rectus femoris size and leg muscle power, probably due to insufficient power.
To our knowledge, this is the first study assessing both the thickness and the CSA of
the rectus femoris in relation to fat-free mass and function. We did not find any difference
between thickness and CSA in their relations with FFMI and function. Furthermore, we
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did not observe any systematic differences in the reliability of both measurements. These
findings indicate that the measurements of the CSA and thickness can be used interchangeably. The advantage of assessing the CSA of the rectus femoris, is that it reflects the size of
the entire muscle. However, in larger muscles the entire CSA cannot be determined due
to the limited size of the image. Moreover, visualization of the anatomical borders of the
muscle may be challenging in a clinical population.18 Muscle thickness, on the other hand,
can be obtained more easily and, therefore could be a more feasible measurement for use
in practice.
We observed that both rectus femoris thickness and CSA are moderately strong associated with FFMI. These findings are in line with previous studies in patients with COPD,
that observed that rectus femoris CSA is associated with FFMI18,19 Interestingly, we found
that the correlation between rectus femoris thickness and FFMI is less strong in patients
with (very) severe COPD, as compared to patients with moderate COPD (r=0.70, r=0.40,
respectively). This finding may suggest that, in patients with (very) severe COPD, rectus
femoris thickness is a poorer reflection of fat-free mass than in patients with moderate
COPD. It has been previously suggested that in particular in patients with COPD, muscle
mass of the lower limbs is depleted.18,19 However, we could not confirm this in our study
probably due to the small sample size.
This study also demonstrates that muscle size is moderately strong associated with
handgrip strength. Besides being an indicator of overall strength,30 there is strong evidence
that handgrip strength is a predictor for disability and mortality.31-34 Although handgrip
strength is also influenced by non-nutritional factors such as inflammation,35 in clinical
practice, handgrip strength is often used as a marker for nutritional status.33 In this study,
we found a moderate correlation between muscle size and handgrip strength, suggesting
that peripheral muscle size might be related to overall strength as well. Future studies
should assess concurrent and predictive validity of ultrasound in relation to malnutrition,
to elucidate the role of ultrasound measured muscle size as tool to assess and monitor
nutritional status in daily practice.
Similar to findings in previous research,20 rectus femoris size was not related to exercise
capacity in our study. These findings might be explained by the fact that impaired exercise
capacity and leg muscle power are caused by multiple factors outside the lung, such as
muscle function.36 However, based on this exploratory study, we cannot conclude that loss
of rectus femoris size might have consequences for maximal exercise capacity. Therefore,
longitudinal data are needed to investigate the association between loss of muscle size and
maximal exercise capacity.
An unexpected observation of this study is that ultrasound images are not always interpretable. Although this study suggests that ultrasound is a reliable tool for the assessment
of muscle size, we also observed that the interpretation of ultrasound might be challen
ging in patients with (severe) COPD. In 14 out of 44 ultrasound images, we were unable
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to measure both rectus femoris CSA and thickness due to decreased anatomic definitions.
There are two possible explanations for the non-interpretable ultrasound images. First, it
has been previously observed that anatomical definitions might be decreased due to edema
and the amount of subcutaneous fat.18,20 Second, an increased echogenicity, i.e. a brighter
appearance of the muscle which reflects intramuscular fat, may lead to non-interpretable
images for the size of the muscle.37 In our study, we did not find significant differences on
any health related variables between the patients with and without interpretable ultrasound
images. Therefore, future research should focus on the validity and reliability of ultrasound
in patients with (severe) COPD, by taking the assessment of subcutaneous fat, edema, and
intramuscular fat into consideration.
This is the first study to link ultrasound data with tools used in daily practice for the
assessment of muscle mass and function in patients with COPD. Our study shows that
peripheral muscle size is associated with whole body fat-free mass, implicating that rectus
femoris size is a moderate reflection of fat-free mass. Nevertheless, since the loss of muscle
mass is not uniform across all muscles38, and nutritional depletion preferentially affects the
upper limbs whilst chronic inactivity is associated with loss of muscle mass of the lower
limbs,39 it is of great interest to evaluate peripheral muscles. Superficial muscles can be obtained easily with ultrasound, although training on the use and interpretation of ultrasound
images is needed before health-care professionals can use it for evaluating muscles.
Besides the small sample size and the cross-sectional study design, some limitations
should be taken into account when interpreting our results. First, BIA was used to estimate
FFMI, which is not a gold standard for the assessment of muscle mass and, therefore, could
possibly have led to an over- or underestimation of FFMI due to for example an altered
hydration status.24 Therefore, the validation of ultrasound for the assessment of muscle
size, using a gold standard like Computed Tomography or Magnetic Resonance Imaging, in
patients with COPD warrants further evaluation. Second, a handheld ultrasound machine
that predominately was developed for abdominal scans was used in this study. Although
we optimized the standard abdominal protocol for the assessment of muscles, we used the
built-in ellipse shape for the assessment of the CSA. As the muscle is not a perfect ellipse,
this might have led to an overestimation of the true CSA of the rectus femoris. Third, in this
study, we used a curved transducer for the assessment of muscles which has a large field of
view. However, a disadvantage of this transducer is the limited resolution, which could have
resulted in spurious interpretations of the ultrasound image. Nevertheless, a previous study
showed that a curved-array transducer is valid and reliable for the assessment of muscles
compared to a linear array transducer.40 Lastly, the outcomes were measured by different
individuals, which may have caused bias.
In conclusion, this study shows that ultrasound measured muscle size is related to
FFMI and strength in patients with COPD. Disease severity might influence the relationship between muscle size and FFMI, implicating that peripheral assessment of muscles is
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important in a clinical situation. Ultrasound might play an important role in the assessment
of peripheral muscles, however, the echogenicity of the muscle should be taken into consi
deration, as this might be increased in patients with COPD.
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Abstract
Background We aimed to explore whether malnutrition, frailty, physical frailty, and disability coexist in patients with COPD at the start of pulmonary rehabilitation.
Methods For this cross-sectional study, from March 2015 to May 2017, patients with COPD
were assessed at the start of a pulmonary rehabilitation program. Nutritional status was
assessed with the Scored Patient-Generated Subjective Global Assessment (PG-SGA) based
Pt-Global app. Frailty was assessed by the Evaluative Frailty Index for Physical activity
(EFIP), physical frailty by Fried’s criteria, and disability by the Dutch version of World
Health Organization Disability Assessment Schedule 2.0 (WHODAS). These variables were
dichotomized to determine coexistence of malnutrition, frailty, physical frailty, and disability. Associations between PG-SGA score and respectively EFIP score, Fried’s criteria,
and WHODAS score were analyzed by Pearson’s correlation coefficient. Two tailed P-values
were used, and significance was set at P<0.05.
Results Of the 57 participants included (age 61.2±8.7 years), malnutrition and frailty
coexisted in 40%. Malnutrition and physical frailty coexisted in 18%, and malnutrition
and disability in 21%. EFIP score and PG-SGA score were significantly correlated (r=0.43,
P=0.001), as well as Fried’s criteria and PG‑SGA score (r=0.37, P=0.005).
Conclusions Our study is the first study exploring the relations between malnutrition,
frailty, physical frailty, and disability in patients with COPD. In this population, malnutrition substantially (40%) coexists with frailty. Although the prevalence of each of the four
conditions is quite high, the coexistence of all four conditions is limited (11%). The results
of our study indicate that interdisciplinary (nutritional) interventions are indicated.

114

Coexistence of malnutrition, frailty, physical frailty and disability in patients with COPD

Introduction
Malnutrition, frailty, physical frailty, and disability are common conditions in patients with
chronic obstructive pulmonary disease (COPD). Prevalence of these conditions in patients
with COPD is reported to be 11% to 62% for malnutrition, 22%-58% for frailty, 7%-65% for
physical frailty, and 13% to 50% for disability, respectively, depending on the various instruments used and specific COPD subpopulation studied, such as outpatients, hospitalized
patients, and elderly patients.1-8
Malnutrition has been defined as “a state resulting from lack of intake or uptake of
nutrition that leads 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”.9 Frailty is considered a multidimensional clinical state, in which an individual’s vulnerability for dependency or mortality is increased when exposed to a stressor,
due to a lack of reserve capacity.10 The multidimensionality of frailty is characterized by
the inclusion of physical, psychological and social domains. Various determinants of frailty
have been identified within each of these domains.11 In contrast, physical frailty is a unidimensional construct, first operationalized by Fried et al., and described as being at risk for
falls, hospitalizations, disability, and death.12 Frailty and physical frailty both are considered
risk factors for disability.10 In the International Classification of Functioning, Disability, and
Health, disability is described as “a difficulty in functioning at the body, person or societal
levels in one or more life domains, as experienced by an individual with a health condition
in interaction with contextual factors”.13 In approximately 50% of disabled older adults,
disability develops chronically and progressively in association with underlying severity of
disease, comorbidity and frailty, whereas in the other 50%, disability develops acutely or
catastrophically.14
Hence, these conditions seem to be overlapping, since all are to a large extent defined by
a decrease in muscle mass, functional performance, and adverse clinical outcome. Furthermore, these conditions share social, demographic, and cognitive risk factors.15,16 However,
the underlying mechanisms differ, as malnutrition is primarily caused by an imbalance between nutritional intake and nutritional requirements, and frailty is predominantly caused
by immobility, ageing and psychosocial impediments. In community-dwelling older adults
and geriatric outpatients, malnutrition has been associated with physical frailty.17,18 In clinical populations, including patients with chronic diseases, this relationship has not yet been
explored, and thus it is unclear to which extent malnutrition, frailty, physical frailty, and disability coexist in clinical populations. Malnutrition may be either a cause or a consequence
of frailty, physical frailty, and disability. Insight in the coexistence and correlation between
these conditions in patients with COPD, as example of a chronic disease, may help to identify required interventions to improve the patient’s health status. Adequate interventions
may reverse frailty and disability in patients with COPD. Therefore, we aimed to assess the
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prevalence and coexistence of malnutrition, frailty, physical frailty, and disability in patients
with COPD at the start of a pulmonary rehabilitation program (PR).

Methods
Study design
For this observational study, patients with COPD under the care of the Center for Rehabilitation of the University Medical Center Groningen (UMCG), were assessed at the start
of PR, from March 2015 to May 2017. In this program, patients with COPD participate in
a tailored multimodal intervention, which includes exercise training, dietary counselling,
education, and behavior change therapy.19
Inclusion criteria for this study were: aged ≥40 years; able to understand and speak
the Dutch language; diagnosed with COPD and staged GOLD 1-4 by a pulmonary physician; no severe cognitive disabilities reported in medical history; no palliative treatment;
no wheel-chair dependency; no contra-indication for physical exercise; no skin problems.
Patients that aimed to lose weight were excluded, since intentional weight loss has a diffe
rent physiological pathway than disease-related weight loss.
The Medical Ethical Committee of the UMCG gave permission to conduct this study
according to the Dutch law regarding patient-based medical research (WMO) obligation
(reference 2014/432). Patient data were processed and electronically stored according to the
Declaration of Helsinki – Ethical principles for medical research involving human subjects.
This study was registered in the Dutch Trial Register (‘Dutch Trial Register’) with registration number NTR5107.

Measurements
Demographics and spirometry [FEV1 (L), FEV1 (% predicted), and FEV1/FVC (%)] were
measured at the start of PR. The content of the PR and type of rehabilitation program was
assessed in a multidisciplinary meeting. Body mass index (BMI) was calculated, dividing
actual measured weight by actual measured length2. Fat-free mass index (FFMI) was calculated from the raw data generated by bio-electrical impedance analyses (Bodystat QuadScan
4000), using Rutten’s prediction equation.20
Nutritional status was assessed with the Scored Patient-Generated Subjective Global
Assessment (PG-SGA) based Pt-Global app.21 The PG‑SGA is one of the few instruments
covering all domains of the malnutrition definition.22 The PG-SGA includes four Boxes to
be completed by the patient. Box 1 addresses the history of weight loss: percentage weight
loss in the past month or past six months, and changes in weight in the past two weeks; Box
2 evaluates changes in food intake in the past month; Box 3 addresses presence of nutrition
impact symptoms (NIS) in the past two weeks; and Box 4 evaluates activities and function
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in the past month. In case of missing items in any Box, its Box score was taken as ‘0’. In
addition to this patient-generated part of the PG-SGA, the second part is completed by the
professional. This professional part addresses metabolic stress, comorbidities and physical
examination of body composition. The point score is used for screening and triaging of
patients, whereas the PG-SGA Category serves to categorize patients as well nourished
(A), suspected/moderate malnutrition (B), or severe malnutrition (C). The scoring of the
PG-SGA has been described in detail elsewhere.23
Frailty was assessed by the Evaluative Frailty Index for Physical activity (EFIP). EFIP
is a questionnaire containing 50 items on domains of physical functioning (19 items),
psychological functioning (8 items), social functioning (7 items), and general health (16
items). Total frailty score can range from 0 to 1. The cut-off point for frailty was set at >0.25,
in accordance with the original study. 24 In case of a missing item, the score was considered
0. If >5 items were missing, the subject was excluded from the analysis.
Physical frailty was assessed by Fried’s criteria, in which one point was given for each of
the following criteria: unintentional weight loss, (muscle) weakness, poor endurance and
energy (exhaustion), slowness, and low physical activity level. No points implied physically
non-frail. One or two points were categorized as physically pre-frail, and three or more points
as physically frail.12 Weight loss was assessed as present in case of unintentional weight loss
of ≥4.5 kg (10 pounds) or ≥5% in the last year prior to study measurement. When the patient
could not remember the weight from 12 months ago, the weight from 6 months was used.
Weakness was assessed by handgrip strength in kilograms: the highest score was used from
three right and three left side attempts, stratified for gender and BMI. Exhaustion was assessed by asking: ‘Do you have a low energy level or do you feel tired?’ Slowness was assessed
by 4 meter walking speed, recalculated into 15 ft and stratified for gender and length. Low
physical activity level was measured by asking ‘Are you active for at least 30 minutes per day
in such a manner that you start feeling warm or start sweating?’. Patients with more than one
item missing on the Fried’s criteria were excluded from the analyses.
Disability was assessed by the Dutch version of World Health Organization Disability
Assessment Schedule 2.0 (WHODAS 2.0).25 The WHODAS contains 36 items in the following domains: Understanding & Communicating; Getting around; Self-care; Getting along
with people; Domestic Life activities; Participation in society. Scoring was performed using
a 5 point scale: non, mild, moderate, severe, and extreme/cannot do. Disability was defined
as a score of 41 out of 100 or higher, which is the cut-off value for the worst scoring 10%
percentile of the population 26 and has been used as cut-off point for moderate up to severe
and extreme disability.8 Missing data were handled as instructed by the WHODAS manual,
i.e. missing data were replaced by the mean of the other scores within the domain, limited
to a maximum of 30% missings.26 If more than 30% of the WHODAS data were missing, the
participant was excluded from the analyses. Scores were calculated without scores for work
or study, as most of the patients did not participate in work or study.26
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Statistical analyses
Categorical variables were presented as numbers and percentages. Continuous variables
were presented as mean (SD). To determine coexistence of malnutrition, frailty, physical
frailty, and disability, the data were dichotomized into affected/not affected, based on the
described cut-off points. Associations between PG-SGA score and respectively EFIP score,
Fried’s criteria score, and WHODAS score were analyzed by Pearson’s correlation coefficient. Two tailed P-values were used, and significance was set at P<0.05. Data were analyzed
using IBM SPSS version 23.0 (SPSS Inc., Chicago, IL, USA).

Results
In total, 202 consecutive patients were asked to participate in the study, and 106 patients
gave informed consent. Figure 1 shows the inclusion procedure applied.

Figure 1 Flow chart of inclusion procedure
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Out of 106 patients, 17 did not enter the rehabilitation program, and an additional 11 patients
were not included in the study, because of no verified diagnosis of COPD (N=5), having
second thoughts about expected burden from participation in the study (N=4), or logistic
reasons (N=2). Out of 78 participants, 17 were excluded from the analyses because they
aimed to lose weight. Of the remaining 61 participants, 4 were excluded because of missing
data on malnutrition, frailty, physical frailty, or disability. The remaining 57 participants
were taken for analyses. Table 1 shows the baseline characteristics of the study population.
Fifty-one percent of the participants were female, mean age was 61.2 ± 8.7 years, and mean
FEV1%pred was 36.11 ± 14.68
Table 1. Patient characteristics/Study population (n=57)
N (%)
or mean ± SD
Age mean SD

61.2 ± 8.7

Gender
Male
Female

28 (49)
29 (51)

Social status
Living alone
With partner
Missing

19 (33)
37 (65)
1(2)

BMI

23.2 ± 4.6

Spirometry
FEV1 (L)
FEV1 (% predicted)
FEV1/FVC (%)

1.01 ± 0.48
36.1 ± 14.7
35.3 ± 10.4

FFMI

16.2 ± 2.2

Smoking
Current smoker
Never smoker
Former smoker
Missing
GOLD
1
2
3
4

7

15 (32)
1 (2)
38 (67)
3
1
10
23
23

Of all participants, 46% percent (26/57) was categorized as malnourished (PG-SGA Stage B
or C). The median PG-SGA score of all participants was 7 (IQR: 4-11.5). In all participants,
the highest median score per PG-SGA Box or Worksheet was found in Box 3: 2 (IQR: 0-5).
The most frequently reported nutrition impact symptoms in Box 3 were lack of appetite
(N=17), fatigue (N=17), feel full quickly (N=16), and dry mouth (N=12). The mean (SD)
119

Chapter 7

EFIP score of all participants was 0.34 (0.11). In total, 38% of the participants were frail,
4% were pre-frail, 28% were physically frail, and 63% were physically pre-frail. Mean (SD)
WHODAS score of all participants was 38.1 ± 13.6, and 33% were disabled. In six patients
(11%), malnutrition, frailty, physical frailty, and disability coexisted, whereas six (11%)
patients did not have any of these conditions. Figure 2 visualizes the coexistence of the four
conditions.

Figure 2 Proportional Venn diagram of the coexistence of malnutrition, physical frailty, frailty and disability in
patients with COPD (n=57)

Coexistence between malnutrition and frailty
Malnutrition and frailty coexisted in 40% (23/57) of the participants. Of all 47 frail participants, 49% were malnourished, and of all malnourished participants, 89% (23/26) was frail.
The EFIP score and PG-SGA score were significantly correlated (N=57, r=0.43, P=0.001), as
visualized in Figure 3. Frail participants scored relatively most frequently on problems in
the domain of general health: 50% (16/32). Forty-three % (6/14) of the points were scored
in the social domain, 32% (12/38) in the domain of physical function, and 31% (5/16) in the
psychological domain.
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Figure 3 Scatter plot of correlation between PG-SGA score and EFIP score with lines at PG-SGA score 9 (cutoff for critical need for improved symptom management and/or nutrition intervention options) and EFIP score
0.25 (cut-off for frailty)

Coexistence between malnutrition and physical frailty
Malnutrition and physical frailty coexisted in 18% (10/57). Of all physically frail participants, 63% (10/16) were malnourished. In contrast, of all malnourished participants, 39%
(10/26) were physically frail. Fried’s criteria score and PG-SGA score were significantly
correlated (N=57, r=0.37, P=0.005). Physically frail participants scored most frequently on
low activity (88%; 14/16) and exhaustion (94%; 15/16).

Coexistence between malnutrition and disability
Malnutrition and disability coexisted in 21% (12/57). Of all disabled participants, 63%
(12/19) were malnourished, whereas of all malnourished participants, 46% (12/26) were
disabled. The WHODAS score and PG-SGA score did not significantly correlate (N=57, r=
0.19, P=0.163). Disabled participants scored most frequently on the domain of ‘domestic
life activities’ (86% of maximum score), followed by the domain of ‘getting around’ (65% of
maximum score), and ‘participation in society’ (60% of maximum score).

121

7

Chapter 7

Discussion
Our study is the first study exploring the relations between malnutrition, frailty, physical
frailty, and disability in patients with COPD. In this population, malnutrition and frailty
substantially coexist (40%). Although the prevalence of each of the four conditions is quite
high, the coexistence of all four conditions is limited (11%).
In this study, we found that a very large majority of patients with COPD at the start of
a pulmonary rehabilitation program is frail (83%). This is a remarkable finding, as frailty is
considered a geriatric syndrome27, and the mean age of our patients was only 61 years. This
finding may be related to various consequences of COPD being a systemic disease. These
patients experience problems in various domains, which not only concern physical, but
cognitive, social, and psychological areas as well.28 Dyspnea, the most prominent symptom
in COPD, can heavily impact social relations and can result in psychological stress, since
patients experience barriers to engage in activities and relationships.29 Furthermore, low
oxygen saturation may result in cognitive disabilities, 30 which may hinder patients in finding solutions for obstacles in daily activities, such as grocery shopping and cooking, but
also in relationships. Another way COPD may be associated with frailty is by its inflamma
tory activity.12 Moreover, COPD is a disease that is caused by cigarette smoke, which can
result in ‘collateral damage’ or comorbidities from smoking, that may contribute to the high
prevalence of frailty in our patients. In addition, people who smoke often have a lower
level of education and income 31 and as result may have limited means to pursue a healthy
lifestyle, i.e., exercise, healthy diet, each contributing to a higher risk of frailty as well. Previous studies in patients with COPD reported prevalence rates of frailty up to 58%, which
is much lower than our results. This might be caused by differences between the patient
groups, such as clinical stability and disease stage of the COPD patients included and the
different parameters used.3,4,32,33 Frailty in patients with other chronic diseases, such as end
stage renal disease, is reported to be 37% up to 67%, depending on the parameters used. 34
With more than one-quarter being physically frail, the prevalence of this specific subtype of frailty in the studied group of patients with COPD is substantial. This finding is
comparable to the prevalence found in a prospective cohort study in patients participating
in pulmonary rehabilitation. 35 Other studies that evaluated physical frailty in patients with
COPD reported prevalence rates varying from 7% up to 65%, depending on the specific
subpopulation of patients with COPD and/or instrument used.5,6 The construct of physical frailty is based on factors that closely relate to muscle mass and muscle function, i.e.,
weakness, slowness, exhaustion, poor endurance, weight loss. The high prevalence of 28%
of physical frailty reported in our study may be explained by common disease symptoms
in patients with COPD, such as inadequate intake of protein and energy, limited physical
activity and inflammation. These symptoms are likely to enhance muscle wasting, which is
commonly present in patients with COPD, and is closely related to physical frailty.12
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Several studies have addressed the association between malnutrition and physical frailty
in studies on community-dwelling older adults and in general hospital populations.15,17 To
the best of our knowledge, thus far no studies have addressed the coexistence of, or the association between malnutrition and frailty. In our study, malnutrition and frailty coexisted in
40% of the patients malnutrition and physical frailty in 18% respectively. The fairly substantial correlations found between PG-SGA score and EFIP score (r=0.43) and Fried’s criteria
(r=0.37) respectively, imply that we need to determine whether malnutrition impacts on
frailty and physical frailty in this population, and to what extent. Malnutrition, frailty and
physical frailty are multidimensional constructs, based on various different contributing
factors, therefore it is more difficult to interpret their relations. The contributing factors
give us a ‘profile’ of the patient with regard to the construct. Furthermore, EFIP scores for
frailty in our participants ranged between 0 and 0.6 (on a scale of 0 to 1), which means that
the range was quite small. This small range underlines that our participants were a specific subgroup, i.e., severe deconditioned COPD patients starting a rehabilitation program.
From this finding we can speculate that malnutrition and frailty may influence each other.
The significant association between malnutrition and physical frailty has previously been
confirmed in a systematic review and meta-analysis on malnutrition and physical frailty in
community dwelling adults.36 Studies reported a strong association between physical frailty
and (risk for) malnutrition, but no interchangeability, similar to our findings.36 This may be
explained by the difference in underlying biological mechanisms. Malnutrition is primarily
caused by an imbalance between nutritional intake or uptake and nutritional need,9 whereas
physical frailty is primarily caused by immobility and ageing12,37
Several implications for clinical practice follow from our study. Malnutrition may be
hypothesized a risk factor for frailty and physical frailty, but on the other hand might also be
a consequence of frailty and physical frailty. If we address nutrition impact symptoms that
may lead to malnutrition and frailty, such as nausea, fatigue, pain, and lack of appetite, we
may be able to reduce frailty. With regard to the chronic lung disease population, it has been
recommended to use instruments that detect nutritional impairments which characterize
(physical) frailty.38 As loss of muscle due to malnutrition may contribute to frailty, and the
cognitive and psychosocial impediments that often occur in frail patients may hinder the
treatment of malnutrition, these obstacles need to be addressed to successfully treat malnutrition and possibly frailty and disability. Studies have reported on successful nutritional
and exercise interventions in malnourished COPD patients, such as dietary counselling,
nutritional supplements and high intensity exercise training.39,40 The results of our study
indicate that interdisciplinary (nutritional) interventions are required, and future studies
need to determine whether these interventions improve frailty status and prevent disability
in patients with COPD. Since malnutrition is a multidimensional condition, it may require
adequate care from different health care professionals such as nurses, physiotherapists,
psychologists and physicians.
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Our study has some limitations that need to be addressed. First, our study had a crosssectional design with a relatively small sample size. Therefore, we cannot establish any causal
relations between the conditions. Second, our study population consisted of COPD patients,
referred for tertiary rehabilitation, and the results may not generalizable to the whole group
of patients with COPD. Third, the EFIP questionnaire that we used, has been validated in a
sample of community dwelling elderly and elderly living in a residential care facility, all aged
65 or older, and not in COPD patients. However, frailty is not a disease-specific condition,
but instead is considered a general lack of reserve capacity.10 Therefore we considered the
use of the EFIP appropriate in the current study. Some of the items included in the EFIP are
not, or less discriminating in COPD patients, such as the item ‘COPD/problems breathing’
and the use of ‘more than 4 drugs’. Nevertheless, the EFIP is the Dutch adaptation of the
‘accumulation of deficits’ Frailty Index by Mitnitski et al., and the method of deficit accumulation is reported to be the most appropriate method to evaluate frailty.11,24
In conclusion, our study is the first to explore the relations between malnutrition, frailty,
physical frailty, and disability in patients with COPD. Since malnutrition and frailty coexist in a substantial proportion of patients with COPD starting a pulmonary rehabilitation
program, there is a strong need to create more awareness of their correlation and their
potential impact on each other. Therefore we recommend to implement systematic nutritional assessment and triaging for interdisciplinary interventions. Future research should
be of longitudinal design, studying effectiveness of interventions and the possibly dynamic
relation between malnutrition and frailty.
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Abstract
Backgound Chronic Obstructive Pulmonary Disease (COPD) may impact food-related
activities, like grocery shopping, cooking, and eating. Decreased food intake may result in
an unhealthy diet, and in malnutrition, which is highly prevalent in patients with COPD.
Malnutrition is known to negatively impact clinical outcome and quality of life.
Aims In this qualitative study, we aimed to explore strategies used to overcome food-related
challenges, i.e. dietary resilience, and whether these led to a healthy diet. Furthermore, we
aimed to identify the key themes of motivation for dietary resilience in patients with severe
COPD.
Methods In October 2015-April 2016, 12 patients with severe COPD, starting a pulmonary
rehabilitation program, were interviewed. Qualitative description and thematic analysis
were performed.
Results All participants mentioned the use of strategies to overcome challenges. Key themes
of motivation for dietary resilience were identified as ‘Wanting to be as healthy as possible’,
‘Staying independent’, ‘Promoting a sense of continuity and duty’. Two out of 12 participants
met the criteria for a healthy diet.
Conclusion Our study showed a variety of motivational factors and strategies reported by
patients with severe COPD to overcome food-related challenges. However, the majority
(n=10) of the participants did not meet the criteria for a healthy diet. The identified key
themes can be used to develop education to support patients with severe COPD to improve
their diet.

130

Dietary resilience in patients with severe COPD at the start of a pulmonary rehabilitation program

Introduction
Patients with Chronic Obstructive Pulmonary Disease (COPD) experience several disabling
symptoms, such as breathlessness and fatigue, that may impact food-related activities of
daily living such as grocery shopping, cooking, and eating meals.1 Decreased food intake
may result in an unhealthy/unbalanced diet. It could also lead to malnutrition, which is
highly prevalent in patients with COPD, varying from 11% to 62%, largely depending on
the disease stage.2,3 Malnutrition is known to negatively impact clinical outcome and quality
of life.4 Dry mouth, stomach ache, or other pains are reported to affect appetite, and may
impair food intake in this specific patient population.5 Other reported food-related challen
ges are limited social support and financial resources, as well as reduced motivation and
insufficient knowledge about the importance of nutrition in COPD.1
The importance of adequate nutrition in patients with COPD is well-established. In
2014, the European Respiratory Society published a statement that a healthy/well-balanced
diet is beneficial to all patients with COPD, not only for its potential pulmonary benefits,
but also for its proven benefits on metabolic and cardiovascular risk.6 Aiming to achieve a
healthy diet by developing strategies for food-related challenges is a process that has been
described as ‘dietary resilience’.7 Generally, resilience has been described as “a dynamic
process encompassing positive adaptation within the context of significant adversity”.8
According to the transtheoretical model of behavior change, the development of strategies
is a vital supplementation to the belief that one can attain a goal, self-efficacy, in order to
actually adapt certain healthy behavior.9,10 Dietary resilience may therefore be considered a
necessary step in addressing food-related challenges.
To prevent malnutrition in this patient population, it is important to explore strategies
and motivational resources that patients with COPD use to overcome challenges for healthy
diet. If we know how and why strategies are applied by a patient, this might be useful to help
another patient. This knowledge could enhance further development of professional nutritional care for patients with COPD. In this study, we aimed to explore the strategies used
by patients with severe COPD in their habitual situation to overcome specific food-related
challenges, and whether these strategies were successful in terms of achieving a healthy diet.
Furthermore, we aimed to identify the key themes of motivation for the process of dietary
resilience in patients with severe COPD.

Methods
Study sample
From October 2015 to April 2016, a sample of patients with severe COPD participating
in a quantitative study that aimed to explore relations between malnutrition, frailty, and
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disability were included in this qualitative study at the pulmonary rehabilitation ward of the
University Medical Center Groningen (UMCG). Pulmonary rehabilitation is “a comprehensive intervention based on assessment followed by patient tailored therapies that include,
exercise, education, and behavior change, to improve the physical and psychological condition of people with chronic respiratory disease and to promote the long-term adherence to
health-enhancing behaviors”.11
Inclusion criteria for the quantitative study were: aged ≥40 years; able to understand and
speak the Dutch language; diagnosed with COPD by a pulmonary physician and partici
pating in the rehabilitation program; no severe cognitive disabilities reported in medical
history; no palliative treatment; no wheel-chair dependency, no contra-indication for
physical exercise, no skin problems, and no pacemaker.
Patients were consecutively selected for inclusion in this qualitative sub-study, if they
experienced two or more of the following risk factors that can lead to nutritional vulnera
bility: lack of appetite, dry mouth, pain, shortness of breath, or having a single household;
and expressed interest in participating in an interview. The significance of these selected
risk factors was to distinguish between patients that are likely to experience food-related
challenges, and consequently are able to show dietary resilience, and patients that may not
experience challenges. The risk factors were adapted from the literature and were based on
the baseline demographic and medical characteristics, as well as results from a pilot study.
5,7,12
For that pilot study, six selected patients with severe COPD admitted to the rehabilitation ward, were interviewed.
Age, body mass index (BMI), data on the Hospital Anxiety and Depression Scale
(HADS), and spirometry were retrieved from the participants’ medical records and their
research record of the quantitative study. Nutritional status was assessed by using the Dutch
version 3.7 of the Scored Patient-Generated Subjective Global Assessment (PG-SGA© FD
Ottery 2005, 2006, 2015) with permission of the copyright holder.13 These variables were
used to describe the subsample.
Dietary intake was determined by the 24-hour recall method, 1-2 weeks before the
interview. A research dietitian completed this assessment and analyzed these data by hand
for food group intake. A trained undergraduate student in Nutrition & Dietetics checked
and confirmed this analysis. Healthy diet was defined as an intake of 80% of the age and
gender specific recommendations in the Dutch Nutritional Guidelines 201114, for at least 5
out of the 6 major food groups, i.e. Fruit; Bread; Cheese & Milk; Meat, Fish, Chicken, Egg or
Vegetarian meat substitute; Potatoes, Pasta or Leguminous plants; Vegetables.

Study design
Qualitative description was chosen as the method for collecting and analyzing results. The
purpose of qualitative description is to describe the interviewee’s experiences and thematically summarize interview or other qualitative data to provide an understanding.15-17 As in132
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terviews were short (30 to 45 minutes), and conducted only once during a clinic visit, this
method was considered feasible and sufficient to address the research questions. One-onone face-to-face interviews were conducted when participants entered the in- or outpatient
rehabilitation program. Interviews were completed by one trained investigator and digitally
recorded for transcription. Questions focused on the participants’ food related experiences
and were based on a topic list (available upon request from first author). Primary questions
and prompts were: Can you tell you me how you go about your grocery shopping, food
preparation, and having your meal?, respectively. Do you experience difficulties with these
activities? Have you found ways to deal with [these food-related] obstacles?, Why did you
try to find solutions? How important is it for you to eat healthily and why? Based on the
model developed by Vesnaver et al.7, a deductive conceptual model (Figure 1) was created
during a pilot study that was conducted from February 2015 to June 2015, to develop a
topic list for the COPD specific setting. In the pilot study, primary questions and prompts
were tested, and adapted accordingly, for their quality in encouraging patients to elaborate
and reflect on their food-related activities. The topic list was reviewed and elaborated upon
by three experts from the pulmonary rehabilitation ward, a psychologist, a dietitian and a
physician assistant, after which the topic list was refined.

8

Figure 1. Deductive conceptual model in patients with COPD.
Adapted from Appetite 2012;58(2), Vesnaver E, Keller HH, Payette H, Shatenstein B. Dietary resilience as described by older community-dwelling adults from the NuAge study “If there is a will-there is a way!”, 730-738,
Copyright 2012, with permission from Elsevier

Coding and analyses
All interviews were transcribed and checked by a research dietitian and an undergraduate
student in Applied Psychology. Braun & Clarke’s six steps for qualitative descriptive thematic
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analysis were completed. These steps consist of: familiarizing with the data, generating initial
codes, searching for themes, reviewing themes, defining and naming themes and production
of the report.18 Both deductive codes, ie, codes derived from the empirical research on the
factors known to potentially influence food intake in this patient population, and inductive
codes, ie, derived from the data, were systematically assigned, compared, and verified. Codes
were arranged into possible themes through searching for ‘relations’. By collating these initial themes to the coded data and to the complete interviews a map of themes was created.
Two co-authors confirmed these themes and provided insights to conduct further analysis.
Key themes arose predominantly by inductive reasoning, and through further discussion.
Preliminary results were discussed with other researchers from the Research Group Healthy
Ageing, Allied Health Care and Nursing, to enhance in-depth analysis and reflection. Memos,
diagrams and initial results were presented and reviewed by authors for their input, facili
tating logical coherent concept development. Recruitment of new participants was closed
when no new themes were arising from collected data, thus arisal of new themes was used as
saturation criterion. Participant numbers (#) are used to discriminate between participants.
Quotations used to support the key themes were forward translated from Dutch into English
for publication, and these translations were carried out by two different authors.
Descriptive analyses of the sample included proportions for categorical variables. Numerical variables were presented as mean ± standard deviation (SD) for normally distributed
variables, and as median with interquartile range (IQR) for skewed variables. Normality was
tested by the Shapiro-Wilk test. Two tailed P-values were used, and significance was set at
P<0.05. Data were analyzed using IBM SPSS version 23.0 (SPSS Inc., Chicago, IL, USA).

Ethical statement
The Medical Ethical Committee of the UMCG gave permission to conduct this study according to the Dutch law regarding patient-based medical research obligation (reference
2014/432). Written informed consent was obtained from each patient. Patient data were
processed and electronically stored according to the declaration of Helsinki – Ethical
principles for medical research involving human subjects.19 This study was registered in
the Dutch Trial Register (‘Nederlands Trial Register’) with registration number NTR5107.

Findings
Between November 2015 and March 2016, twelve patients with COPD were interviewed
for thirty to forty-five minutes. Participant characteristics are shown in Table 1. Mean age
(y) was 59.2 ± 8.3 and eight participants were female. Seven participants were living alone.
Two out of 12 participants met the criteria for a healthy diet. Seven participants were well
nourished (PG-SGA stage A). Mean BMI was 25.1 ± 6.3.
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Table 1. Characteristics of the study sample (n=12)
N

mean (± SDa) or median (IQRb)

Gender
Male

4

Female

8

Age, years

59.2 ± 8.3

BMI, kg/m2

25.1 ± 6.3

Risk factors for impaired food intake
Living alone

7

Dry mouth

9

Chest tightness

12

Pain

6

Lack of appetite

4

Healthy dietc

2

Nutritional status
PG-SGAd Stage A: Well nourished

7

PG-SGA Stage B: Moderate or suspected malnutrition

4

PG-SGA Stage C: Severely malnourished

1

HADSe depression range (0-21 points)
≥8 (possible or suspected depression)

3 (IQR: 1 to 5.5)
1

HADS anxiety range (0-21 points)
≥8 (possible or suspected anxiety disorder)

3.5 (IQR: 1.3 to 5.8)
1

Comorbidities
Diabetes mellitus

1

Vascular diseasef

3

Cardiac arhythmia

2

Arthrosis of the hip

1

8

Smoking status
Smoking
Quit smoking
Spirometry

2
10

FEV1 (L)

0.8 (IQR: 0.6 to 1.5)

FEV1 (% predicted)

29.5 (IQR: 22.0 to 57.3)

FEV1/FVC (%)

34.5 (IQR: 26.0 to 48.3)

COPD
GOLDg 2 moderate

3

GOLD 3 severe

3

GOLD 4 very severe

6

a

Standard deviation
Interquartile range
c
Defined as an intake of 80% of the age and gender specific recommendations in the Dutch Nutritional Guidelines 2011 (14), for at least 5 out of the 6 major food groups.
d
Scored Patient-Generated Subjective Global Assessment (PG-SGA©; FD Ottery 2005, 2006, 2015)
e
Hospital Anxiety and Depression Scale
f
Vascular disease: coronary artery disease, peripheral artery disease, transient ischemic attack
g
Disease classification according to the Global Initiative for Chronic Obstructive Lung Disease
b
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Reported food-related challenges and strategies
All participants reported challenges with either grocery shopping, cooking, and/or eating.
Grocery shopping was influenced by COPD specific problems of chest tightness, weather
conditions (hot, cold, windy or misty), and lack of energy: “Grocery shopping calls for an
extreme effort, so I have to take it easy, to not become short of breath” (#5, GOLD 4, normal
weight). Additionally, the following non-specific challenges were also mentioned for grocery shopping: immobility, being overweight, limited financial resources, lack of physical
strength and nervousness. The main challenge reported for cooking was chest tightness,
caused by cooking steam: “I buy ready-made meals, because I cannot breathe due to all the
steam when I’m cooking” (#12, GOLD 4, underweight). Immobility was also a challenge for
cooking, as well as the adverse influence of smell on appetite and lack of energy. Challenges
described for eating were: chest tightness; fatigue lack of appetite, sometimes due to the
smell of cooked food; dry mouth; and early satiation. Loss of partner and emotional stress
were also non-COPD related challenges with eating, as stated by participant #1 (GOLD 3,
obese): “After my wife died, I thought I would never want to eat again”. Participants that
reported to mourn did not have higher HADS scores than those who did not mourn. Comorbidities were not reported as challenges for eating.
All participants in our study mentioned the use of strategies to deal with these challen
ges (Table 2). Eight participants were motivated to attain a healthy diet out of a desire for
independence; to improve life satisfaction; out of responsibility towards others; nurturance;
and/or physical health. The key themes representing these motivations were: ‘Wanting to be
as healthy as possible’, ‘Staying independent’ and ‘Promoting a sense of continuity and duty’.
The participants maintaining a healthy diet (n=2) made use of self-discipline to overcome
their lack of appetite, and reported more than one motivation for eating as healthy as possi
ble. They also made use of more strategies than participants who also reported more than
one motivation for eating healthily, but did not achieve a healthy diet (n=3). The remaining
participants overall reported fewer motivations, and used fewer strategies to overcome
challenges.
Table 2. Food-related challenges and strategies reported by patients with COPD
Challenges

Strategies

Grocery shopping
Chest tightness (n=6)
Lack of energy (n=3)
Lack of physical strength (n=1)
Being overweight (n=1)
Nervousness (n=1)
Windy weather (n=1)
Hot weather (n=1)
Misty weather (n=1)
Cold weather (n=1)
Limited financial resources (n=2)
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Getting help from others
Adjust to a slower pace
Use of a car/ E-bike
Use of a trolley/cart
Choose particular point in time to avoid crowded conditions

Dietary resilience in patients with severe COPD at the start of a pulmonary rehabilitation program
Table 2. Food-related challenges and strategies reported by patients with COPD (continued)
Challenges

Strategies

Cooking
Steam from cooking (n=5)
Smell of food (n=1)
Lack of energy (n=3)

Getting help from others
Air-refreshing measures like opening all windows or use of a cooking
hood
Specific choice of food (with regard to time to cook or smell)
Adjust to a slower pace
Eating fast food now and then
One-pan dish
Prepare food for several days so the effort in the next days is limited
Ready-made-meals
Hairdresser chair to easily move around the kitchen, while sitting

Eating
Loss of partner (n=2)
Stress (n=3)
Smell of cooked food (n=1)
Dry mouth (n=1)
Chest tightness (n=4)
Fatigue (n=4)
Lack of appetite (n=3)
Early satiation (n=1)
Eating too fast (n=1)

Creating a pleasant atmosphere at the dinner table with music and/or
reading
Search for companion to have dinner with
Look ahead into the future
Use of ‘meal boxes’
Drinking with meal
Breathing techniques
Adjust the amount of activity before eating
Smaller portions and spreading of meals
Self-discipline by talking to one-self in a firm way
Implementation of regularity
Being encouraged by partner
Alternatives like liquid foods or specific choice of food
Being encouraged by children
Taking extra time

Key theme 1: Wanting to be as healthy as possible
Physical health issues were frequently mentioned as motivation for developing strategies to
eat healthily, with some (n=2) reporting multiple health-related reasons. When specifically
asked, none reported a fear of adverse course of COPD, but rather specific adverse nutritionrelated outcomes, such as a negative effect on body composition and physical functioning.
Participants mentioned explicitly that eating healthily helped them to improve their immune status and avoid potentially devastating infections: “...I know that if I would continue
to have these infections, I would not live much longer”(#7, GOLD 2, obese). Concerns about
weight loss were also reported by participants, who knew the possible consequences to their
health and quality of life: “If you lose weight you become weak and may need to be fed by
a tube… that’s no fun” (#4, GOLD 4, overweight). Specific loss of muscle mass was also
described: “I think it is important for everyone, but for me it is of great importance that I eat
the good stuff, so that I get proteins for my muscles” (#3, GOLD 2, normal weight). These
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motivations could overpower poor appetite and not feeling like eating: “I just have to eat…
so that the body can perform” (#6, GOLD 4, underweight).
In addition to these specific perceived reasons to promote quality food intake, general
health improvement was also a motivational factor for developing strategies: “It just helps
me with my COPD… to always eat as healthily as possible” (#9, GOLD 3, normal weight).
Yet, some (n=4) participants indicated no evident awareness of the significance of their
diet with regard to health. For example, one participant showed some ambivalence about
eating healthfully: “Eating is not important to me but everyone has to eat” (#6, GOLD 4,
underweight), while another stated that “COPD is not curable, there is nothing we can do
about that” (#11, GOLD 3, normal weight) and another said “I only eat when I think I will
enjoy it... I do not necessarily eat healthily” (#2, GOLD 4, normal weight). Thus, physical
health was a motivational factor for some (n=7) participants but not all, suggesting that
additional motivations are used to influence food choice. These other motivations described
by participants are provided below.

Key theme 2: Staying independent
Participants described independence as ‘freedom of aid from others’, and saw this as an
important condition for all activities of daily living, including cooking and buying food.
This motivation for eating well was primarily voiced by participants that were living alone.
Feeling the need to ‘do it yourself ’ was enhanced by thoughts of not depending on others
for your own good: “…why would you, if you can do it yourself, ask anyone else? If it’s not
really necessary, I think this would be taking advantage of your position” (#6, GOLD 4,
underweight). Another participant stated: “My children have their own lives, and I have to
live mine…things I am able to do myself, I must do myself, that is how I feel” (#9, GOLD 3,
normal weight). In addition, participants did not want to become a burden for others, and
reported feeling very uncomfortable about asking for help:
“Everyone is busy, imagine that you need to ask someone every day if they would
be so kind to help… I consider that dreadful, but sometimes you just have to ask”
(#8, GOLD 2, overweight) and “I don’t want to do this to my daughter, to ask her to
do my grocery shopping, she has her children that keep her busy” (#11, GOLD 3,
normal weight).
These statements demonstrate that participants may have ethical objections towards asking
for help from their family and friends, regardless of the COPD diagnosis. Sticking to a
‘principle’ was another reason for wanting to stay independent. For example, a participant
did not want to give up on a certain social position: “I do not ask people for help, people
ask me for help” (#12, GOLD 4, underweight). Another participant reported to be afraid
that the necessity of help from others would increase over time, and used this as a reason
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for not asking for too much help. He stated it was no problem for him to ask family, friends
or neighbors for a small favor, but was being careful about doing this too often: “If I ask my
friends, family or neighbors every time… then this will happen more and more, it is very
important to me to be able to do this myself ” (#5, GOLD 4, normal weight). These reported
objections to asking for help are an impetus for participants to develop strategies, including
overcoming grocery shopping and cooking challenges, to stay independent.

Key theme 3: Promoting a sense of continuity and duty
Other intrinsic reasons mentioned by the participants suggested that a continuity of feelings or beliefs was also motivation for food choice. For example, a participant described a
decrease in feelings of life satisfaction, because of functional and conditional limitations
due to being overweight along with COPD:
“… I felt that my joy of life was fading. Every year I went on holiday with a friend,
and this year I told her I cannot go because I cannot walk the distance, so there is no
point in going on holiday” (#7, GOLD 2, obese).
Eating healthily was also motivated by experience and habit, as it was what your parents
taught you: “It is the upbringing I had, my mother used to be a nurse and she taught me
to keep eating even when you are severely ill” (#5, GOLD 4, normal weight). A strong feeling of responsibility for others was also reported as a motivational factor: “I want to live
some extra years because I look after my sister and I feel that I cannot assign this task
to anyone else” (#7, GOLD 2, obese). Although consistent with the prior theme, a ‘sense
of continuity and duty’ had an emotional motivation outside of the individual and their
health experience. These emotionally inspired reasons were strongly motivating to overcome food-related challenges for these participants. Yet, none of the participants reported
any feelings of pressure from family or health care professionals as a reason for developing
strategies for eating healthily. However, support from loved ones, either partner or children,
was mentioned in the context of what is keeping you ‘on track’ of eating healthily and was
reported to be an influential strategy.

Discussion
In this study, we identified three key themes that stimulate dietary resilience in patients
with severe COPD: ‘Wanting to be as healthy as possible’, ‘Staying independent’ and ‘Pro
moting a sense of continuity and duty’. This study showed that most (n=8) participants were
motivated to develop strategies and applied strategies to overcome food-related challenges.
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Although a wide range of strategies to support food intake were applied, most participants
(n=10) did not achieve a healthy diet.
Only two out of 12 participants in our study met the criteria for a healthy diet. This is
in line with previous studies showing that it is difficult for patients with COPD to achieve
a healthy diet. A recent study on diet quality in 121 stable COPD patients found that only
3-6% of the study population could be considered to have ‘good’ diet quality.20 Another
study found that most older patients with COPD (mean age 74±7 years) do not meet energy requirements (52%) or Recommended Dietary Allowances for various other nutrients
(75%).21
In our sample, only participants that had at least two key themes of motivation were able
to achieve a healthy diet. The number of strategies that participants apply may add to the
level of success in achieving healthy diet, as the two participants that achieved a healthy diet
both used more strategies than all other participants. These findings suggest that multiple
motivations to eat well and application of a large number of strategies are in support of
healthily eating. In previous research on dietary resilience in healthy older people, it was
found that food-related motivation and understanding the relevance of a healthy diet were
necessary conditions in order to achieve a healthy diet, but were found to be not sufficient,
implying a need for effective strategies.7 In a previous study on dietary intake in patients
with COPD, it was reported that emotional status and specific knowledge about food groups
impacted dietary intake.1 However, we did not assess affect or knowledge of a healthy diet
in our patient sample.
This is the first study to explore dietary resilience in patients with severe COPD and the
study had some limitations that need to be discussed First, due to the qualitative nature of
this study, results would typically not be generalizable. Since our participants were patients
with severe COPD in a tertiary rehabilitation center that provides advanced specialized
care, we do not know to which extent the participants in our sample and their key themes
are representative of patients with COPD in general. The findings from our study however, could be used to develop and assess interventions aimed at prevention and/or solving
food-related problems in other patients with severe COPD. Second, the 24-hour recall is
a method to assess actual intake and may not be representative of usual dietary habits.22
However, our participants indicated that their reported daily intake was stable over time.
Knowledge of the strategies used by our patient sample can create new possibilities
for the professional nutritional support of patients with severe COPD. For example, the
strategies described in Table 2 may be used in clinical practice as ideas for potential ways
to support healthy intake. The identified motivations for improving food intake reported
by our participants can also be used in clinical practice. Understanding of the key themes
and the underlying motivations may help healthcare professionals with their counseling of
patients, to stimulate the use of strategies for food-related challenges in order to achieve
a healthy diet. By using motivational interviewing, the motivations/key themes that were
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reported by our participants could be used to search for unoutspoken needs. Current theory
of health promotion, e.g., as used in the context of smoking cessation and improving physical activity, relies on the concept of self-efficacy and is based on the well-established transtheoretical model of ‘Stages of Change’.9,10 Motivational interviewing has been shown to be
effective in stimulating treatment compliance and self-management in patients reporting
non-motivational factors for a healthy behavior.23
In conclusion, our exploratory study showed that patients with severe COPD at the start
of pulmonary rehabilitation apply many different strategies for food-related challenges. The
key themes of motivation for dietary resilience by these participants were: ‘Wanting to be
as healthy as possible’, ‘Staying independent’ and ‘Promoting a sense of continuity and duty’.
However, the majority (n=10) of participants with severe COPD starting the rehabilitation
program did not meet the criteria for a healthy diet. We do not know whether participants
meet these criteria at the end of the rehabilitation program nor whether they have familiarized themselves with additional strategies. This study was a first step and future research
needs to address these remaining questions. Furthermore, additional research needs to
corroborate the key themes in a more diverse group of patients with COPD, as well as to
study how these motivational factors could stimulate achieving a healthy diet.
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Summary and General Discussion

Summary of main findings
The first study (Chapter 2) showed that, prior to vascular surgery, a substantial proportion
(24%) of patients is at medium/high risk for malnutrition. Those individuals who are currently smoking, of female gender, or being scheduled for amputation are factors associated
with a risk for malnutrition in this patient population. To assess risk for malnutrition,
patients completed the PG-SGA Short Form. The PG-SGA SF includes four subdomains:
Weight, Food intake, Symptoms, and Activity and Function. Scores on the various subdomains of the PG-SGA SF showed that risk for malnutrition in this population was predominantly characterized by the presence of nutrition impact symptoms such as loss of appetite,
fatigue, and pain combined with limitations in activities and function. This is important
for clinical practice, as with this information adequate interventions can be developed to
possibly improve the patients’ condition prior to surgery.
To obtain evidence on the possible association between the risk for malnutrition and
clinical outcome in this specific population, the frequency and severity of post-operative
complications of patients after vascular surgery were evaluated (Chapter 3). Patients with
medium or high risk for malnutrition (PG-SGA SF score of four points or higher) were
more likely to experience a higher number and/or more severe post-operative complications. This implies that healthcare professionals need to be aware that these patients may be
in need of interdisciplinary interventions to reduce the risk of complications after surgery.
To determine the level of knowledge on malnutrition and nutrition-related disorders,
a survey among 369 dietitians in Belgium, Norway, Sweden, and the Netherlands was performed (Chapter 4). Respondents were asked to give a definition of malnutrition and to provide a diagnosis on three cases regarding starvation, cachexia, and sarcopenia. Definitions
provided by the respondents were compared to the conceptual definition of malnutrition of
the European Society for Clinical Nutrition and Metabolism (ESPEN). Forty-one percent of
the respondents scored sufficiently on the question about the definition. Thirty-one percent
of the respondents provided a correct diagnosis on three cases of nutrition-related disorders. In addition to this, the percentage of dietitians with sufficient knowledge regarding
both the concept of malnutrition and providing correct diagnoses was low (13%). As few
dietitians know the differences between the nutrition-related disorders, as a consequence,
patients may not receive adequate treatment.
To gain an insight in how malnutrition is assessed and treated in patients with tuberculosis, a review of literature was performed (Chapter 5). It was identified that a nutritional
assessment instrument that covers all three domains of the conceptual definition of malnutrition was used in only two (6%) of the studies included in the review (n=35). Six of
the 17 nutritional intervention studies that were included in the review did not perform
nutritional assessment at baseline. Primary outcome measures of most of the nutritional
intervention studies were generally those other than nutritional parameters such as resolution of chest radiograph abnormalities or rifampin exposure, and only 53% of the studies
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reported results with regard to a nutritional parameter. For clinical practice these results
imply that only the most severe cases of malnutrition are being identified and the less severe
cases may be untreated.
Ultrasound measurement is a relatively new method for the assessment of muscle mass.
The exploratory study on the added value of ultrasound measurements in patients with
COPD (Chapter 6) relates ultrasound measured muscle size with fat-free mass index measured by bioelectrical impedance analysis, and function as assessed by handgrip strength
and five times sit to stand test. The results showed that the size of the rectus femoris is mode
rately strong related to fat-free mass index and muscle strength in patients with COPD. In
the future, ultrasound measured muscle mass may play an important role in the assesment
of peripheral muscle in clinical practice.
In the study described in (Chapter 7) the coexistence and relationships between malnutrition, frailty, physical frailty, and disability were explored in patients with COPD. In these
patients, malnutrition and frailty substantially coexist (40%). Although the prevalence of
each of the four conditions is quite high, the coexistence of all four conditions is limited
(11%). This research was important as with this knowledge of the complexity of the relations
between the different conditions, adequate interdisciplinary interventions may be identified
to improve the health status of these patients.
The qualitative study on dietary resilience in patients with COPD (Chapter 8)
showed that patients with severe COPD experience food-related challenges with regard to
grocery shopping, cooking, and eating. The key themes of motivation for dietary resilience
in these participants were: ‘Wanting to be as healthy as possible’, ‘Staying independent’,
and ‘Promoting a sense of continuity and duty’. Despite their motivation and the strategies
they developed to deal with their individual food-related challenges, the majority of patients
with severe COPD did not meet the criteria for a healthy diet. For healthcare professionals it
is important to take notice of the strategies and the key themes of motivation to eat healthy
in patients with severe COPD, as these may be helpful to other patients.

Interpretation of the main findings and clinical implications
In 2003, the Academy of Nutrition and Dietetics adopted the ‘nutrition care process’ (NCP)
to provide dietitians with a framework for critical thinking and decision-making.1 The
NCP is a systematic approach to providing high quality nutrition care and consists of four
distinct, interrelated steps: assessment, diagnosis, intervention, and monitoring.1 Clearly,
if patients are not initially screened for malnutrition, they will not be identified as being at
risk. Consequently, patients will not be assessed and diagnosed as malnourished nor treated
appropriately.2 Guidelines regarding clinical nutrition have described strategies for adequate
nutritional screening, assessment, counselling, therapy, and monitoring.3-6 Nevertheless,
malnutrition is still rarely prevented and is often unrecognized and thus left untreated despite its preventable and generally treatable nature.2,7 Reasons for this lack of prevention and
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recognition appear to be a lack of time, money, awareness, and knowledge.8-12 Therefore,
developments in areas that inhibit progression are required.

Education
The topic of malnutrition needs to become more profoundly embedded in the curriculum
of the educational programs on, for example, Nutrition and Dietetics, to improve the
level of knowledge and skills on the prevention and treatment of malnutrition in future
generation dietitians. In addition, nutrition education for healthcare professionals such as
physicians and nursing staff is needed to improve awareness and knowledge on the topic of
malnutrition so that they can enhance awareness among their patients as well. Furthermore,
post-educational training is needed to improve knowledge and skills regarding malnutrition in dietitians that already work in clinical practice so that they can intensify nutritional
knowledge in other professionals and their patients.
The enhancement of awareness was addressed by the study that ‘profiled’ patients prior
to vascular surgery, which can be beneficial in selecting groups of patients for screening
purposes. This study showed that the use of a comprehensive instrument such as the
Patient-Generated Subjective Global Assessment (PG-SGA SF) identifies nutrition-related
problems that characterize risk for malnutrition thus enabling triaging for interventions.
The PG-SGA SF identified that, in this population, risk for malnutrition was characterized
by the presence of nutrition impact symptoms combined with limitations in activities and
function. No difference was determined in the body mass index (BMI) between the low risk
and medium or high risk groups, and a majority (54%) had a BMI of ≥25 kg/m2, indicating
being overweight or obese. This finding shows that, although BMI is often used as a criterion
for the assessment of malnutrition, it has no discriminating power in clinical populations.
In general and in clinical practice as well, malnutrition is still considered as a construct
that is connected to being underweight, e.g., the cachectic phenotype. In our society, this
majority of patients have a normal or even high BMI.13 However, patients at a height of 1.78
m and a weight of 95 kg have a BMI of 30 kg/m2. After a 20% weight loss, their BMI is still
‘normal’ with 24 kg/m2, and the patient is likely to be malnourished and may experience
severe implications of malnutrition in daily life.
In the study on malnutrition and frailty in patients with COPD, malnutrition was primarily characterized by loss of appetite, fatigue, feeling full quickly, and experiencing a dry
mouth. For example, in a highly catabolic disease, patients may score more points in the
domain of weight loss than those prior to having vascular surgery. This may be explained by
the double burden of disease-related malnutrition. Adequate nutritional intake is threatened
by loss of appetite and, simultaneously, the caloric intake is not used efficiently. In addition,
inflammation activity related to the underlying disease or its treatment causes breakdown of
muscle protein.3 This is why it is crucial to use an instrument to assess and monitor malnutrition that addresses both anabolic factors (food intake and activity) and catabolic factors
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(e.g., fever and use of corticosteroids). The PG-SGA comprises items related to the intake
of food as well as nutritional requirements and, therefore, gives comprehensive insight into
the (lack of) balance between nutritional intake and requirements.
In addition to the recommendation to use a comprehensive instrument such as the PGSGA (SF), it is also important to create awareness that nutritional screening is probably
most beneficial when the earliest signs of risk for malnutrition occur. This should preferably occur at the beginning of the pathway aimed at diagnosis and/or treatment of the
disease in the clinical outpatient setting or in primary care. Standard screening procedures
for assessment and monitoring of malnutrition, therefore, should be implemented in the
primary care and outpatient settings as well and not just in hospitals. In the Netherlands,
screening for malnutrition at admission is implemented in hospitals which has increased
awareness among healthcare professionals and policy makers.14 However, most patients
experience only a brief time in the hospital, and the time to fully treat malnutrition during
that hospital stay is too short. Treatment and monitoring of malnutrition, therefore, should
be transferred to the outpatient setting or primary care.
If dietitians do not have the nutritional knowledge to screen and assess (risk for)
malnutrition or a nutrition(-related) disorder/condition, this may lead to over- or underdiagnosing of malnutrition and subsequent inadequate treatment of patients. Screening
for and assessment of malnutrition requires a sufficient level of knowledge of the concept
of malnutrition. If the fundamentals, i.e., the different domains (imbalance of nutritional
intake, body composition, and functionality), of the definition of malnutrition are insuffi
ciently known or understood, this will pave the way for inadequate assessment methods that
do not address all of the domains of the concept.15,16 In the survey among dietitians, a low
percentage (13%) of dietitians with ‘sufficient knowledge’ regarding malnutrition, starvation, cachexia, and sarcopenia was ascertained.
Starvation (i.e., ‘hunger-related malnutrition’) implies a pure deficit of the intake of food
leading to gradual loss of fat as well as muscle tissue.3,17 Thus, starvation is not related to a
physical disease and is not accompanied by inflammation activity. Cachexia is a subtype of
disease-related malnutrition that has been defined as “a complex metabolic syndrome asso
ciated with underlying illness and characterized by loss of muscle with or without loss of
fat mass”.17,18 Cachexia, therefore, is characterized by severe catabolism. Whereas cachexia is
related to a chronic or subacute disease, sarcopenia is characterized by age-associated loss
of muscle and function.19 Clinical signs of malnutrition or a nutrition(-related) disorder/
condition may overlap as each involves muscle wasting to a certain extent, however, the
underlying mechanisms profoundly differ. Therefore, differentiation has therapeutic and
prognostic implications.3 In contrast to starvation, optimal nutritional therapy may not
completely reverse the breakdown of muscle mass in cachectic patients, although this is
related to the advancement of the cachectic process. In addition, anti-inflammatory therapy
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and exercise may be indicated for optimal treatment.20 Furthermore, sarcopenia is multifactorial; not only protein deficits play a role, but also hormonal changes and immobility.21
Insufficient nutritional knowledge is likely to result in inadequate nutritional care in
clinical practice.22 In addition, without sufficient knowledge, dietitians cannot empower
patients to cope with nutrition-related impediments and will not be able educate other
healthcare professionals regarding this topic.23 A lack of knowledge may also be an explanation for the outcome of the scoping review: only 6% of the methods used to assess malnutrition in patients with tuberculosis actually align with the entire construct of malnutrition.
This finding implies that the prevalence of malnutrition in patients with tuberculosis is
currently unknown and that some patients may not receive the nutritional intervention that
they need.
The enhancement of nutritional knowledge in healthcare should not be limited to dietitians. Interventions for malnutrition are often interdisciplinary, for example, nausea can be
treated with nutritional counselling and intervention and simultaneously with anti-emetic
drugs. Limitations in activities and function may be addressed by combined advice from a
dietitian and a physiotherapist in which the dietitian may discuss a schedule for adequate
protein intake that accords with the patient’s habits and daily activities and aligns with the
training schedule from the physiotherapist. Another field of interdisciplinary collaboration
is pharmacy. Many different drugs are prescribed in a dose that is based on the effectiveness
of the drug in a person of a certain body weight. However, the changes in body composition
due to malnutrition or any other nutrition(-related) disorder/condition may influence the
exposure to drugs and therewith the risk of toxicity, as suggested by studies in patients with
cancer.24 Therefore, it is important that other healthcare professionals learn about the basic
nutritional concepts such as nutritional screening, nutrition-related disorders/conditions,
and their treatment. Shared knowledge could enhance collaboration to the benefit of the patient. For example, if the professional who performs general pre-operative screening in the
weeks before surgery notices that the patient is at risk for malnutrition or is malnourished,
then there is still time to intervene before the surgery and improve the patient’s outcome.
Thus, next to enhancing the level of nutritional knowledge in dietitians, nutritional education should be embedded in educational programs of physicians and other healthcare
professionals.25,26 Physiotherapists and nurses are involved in the pre- and rehabilitation
of many of the patients that are malnourished. They need to be aware of how malnutrition
inhibits the patient’s recovery and how they can contribute to the prevention and treatment
of malnutrition.

Practical considerations
The lack of time that is reported to be one of the obstacles inhibiting progression of nutritional screening and assessment in any healthcare setting can be addressed by implementing a feasible time-saving instrument. The PG-SGA (SF) is an instrument that can improve
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work flow in clinical practice due to its patient-generated nature.27 For example, as the
patient can complete the form in the waiting room before the appointment with the healthcare professional, the PG-SGA (SF) can save the professional time. Moreover, using the
PG-SGA (SF) may improve the quality of interaction between the healthcare professional
and the patient by having the items of the PG-SGA (SF) serve as a topic list during these
interactions.27 The PG-SGA SF provides a score, and its simple questions provide guidance
to the required interdisciplinary interventions depending on the components that generate
the scores. This means that the healthcare professional can easily identify which problems
must be focused on in order to improve nutritional status.
There is a need to use an instrument that can identify most of the nutritional risk factors
across the spectrum of diseases. The PG-SGA is an instrument that does this. For example,
due to the nature of the disease and treatment, some patients may experience taste changes
while others may experience nausea, fatigue, or limitations in activity. Factors underlying
nutritional risk were identified in the studies performed in patients prior to vascular surgery
and in those with COPD. Patients of different populations were thus identified with partly
overlapping and simultaneous different nutrition related impediments who were in need of
different interventions. These interventions may be interdisciplinary and vary, for example,
from providing a personalized diet that corresponds with the patient’s preferences in taste,
more frequent smaller meals containing specific amounts of nutrients, a mealtime schedule
adjusted to the patient’s daily routine, prescription of pain reducing drugs, and/or specific
training/exercise.
Malnutrition is not a disease-specific construct, therefore, even though many different
instruments are currently being employed for different patient populations, there is no
need. For elderly patients, the Mini Nutritional Assessment (MNA) has been validated and,
therefore, is often used.28 For patients with cancer, the Scored Patient-Generated Subjective
Global Assessment (PG-SGA) is considered the reference method.29 The Malnutrition Universal Screening Tool (MUST), Short Nutritional Assessment Questionnaire (SNAQ), and
Nutrition Risk Screening 2002 (NRS 2002) are also among the widely used screening instruments.30-32 An explanation for this tendency to utilize different instruments for different
patient populations may be that, although malnutrition is not disease-specific, the factors
underlying malnutrition may vary widely. However, these factors are only represented in
the instruments to a limited extent.
Uniformity of screening and assessment of malnutrition is important since different
nutritional screening and assessment instruments identify different patients as being at
risk for malnutrition.33-35 The use of different instruments, therefore, is likely to lead to
disturbances in the continuum of the nutrition care process, for example, in the event of a
transfer to another hospital or care facility. In the first hospital, the patient may be screened
and assessed as malnourished and provided with nutritional care accordingly whereas, in
the next hospital, another screening instrument could be utilized that does not identify the
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patient as being at risk. This may cause inadequate care and is confusing the patient. Thus,
consensus on the use of screening and assessment is urgently needed.

Methodological considerations
The first international consensus diagnostic criteria for malnutrition have been published
during the course of this thesis project in 2015:
“Alternative 1: BMI < 18.5 kg/m²
Alternative 2: Weight loss (unintentional) > 10% indefinite of time, or >5% over the
last 3 months combined with either BMI <20 kg/m² if <70 years of age, or <22kg/m²
if ≥ 70 years of age or FFMI <15 and 17 kg/m² in women and men, respectively” 36
These ESPEN criteria have provided clear and generally applicable criteria for the assessment of malnutrition that are independent from etiologic mechanisms. However, these
criteria are subject to scientific discussion for their validity ever since their publication in
part because they do not reflect the domain of food intake and function that derive from
the conceptual definition and partly because BMI is of limited relevance in clinical populations. 37-39 A low BMI is a hallmark of chronic malnutrition that includes the loss of both
muscle and fat tissue. However, in clinical practice, using predominantly BMI is of limited
relevance for the assessment of malnutrition since, in disease-related malnutrition, mainly
muscle tissue is lost, and even a minimal loss of muscle tissue has significantly negative
consequences with regard to functioning.37
The ESPEN criteria have been validated against the PG-SGA as a reference method.40 A
study in hospitalized patients demonstrated that the ESPEN criteria have a low sensitivity
and a very high specificity. These results imply that the ESPEN criteria identify only those
patients that are severely malnourished and underestimate the prevalence of malnutrition
since the mildly to moderately malnourished patients are not identified.
The conceptual definition of malnutrition states that insufficient intake or uptake of
nutrients leads to decreased fat-free mass, diminished physical and mental function, and
impaired clinical outcome.17 The core of the definition is the insufficient intake of food.
This leads to a decrease of fat-free mass, diminished function, and impaired clinical outcome. However, it seems plausible that the impaired clinical outcome cannot be part of
the construct as it is a future consequence, therefore, it cannot be measured in the present.
It is debatable whether measurability should be a factor of importance when defining a
construct. With regard to the construct of risk for malnutrition: this in itself is a condition that predisposes for impaired clinical outcome.17 The word ‘risk’ implies that there
is the potential of becoming malnourished but, in fact, there can already be a decline in
nutritional status but to a limited extent. It could be argued to add ‘pre-malnutrition’ to the
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current terminology to specify this group of patients. The risk for malnutrition may then
be used for patients with risk factors who do not yet have any decline in nutritional status.
For the assessment of nutritional risk and nutritional status in the studies included
in this thesis, the PG-SGA or the PG-SGA SF was used. The PG-SGA (SF) was selected
because the aim was to use an instrument that covers all of the domains of the definition
of malnutrition.15 In addition, the PG-SGA has been very well established as a reference
method for malnutrition.27 It has been validated in cancer and non-cancer populations but
not in all patient populations.41-44 However, since malnutrition is not a disease-specific condition, construct validation does not appear to be a necessary next step. However, studying
the predictive validity of the PG-SGA in additional patient populations is recommended.
Malnutrition by definition negatively impacts functionality and clinical outcome, however,
the extent to which it does may differ widely per population. This difference is hypothesized
to be caused by the underlying disease and its hallmarks, e.g., highly catabolic, curable,
treatment, comorbidities, and nutritional guidance.
When the PG-SGA is studied in a ‘new’ population, it would be useful to perform an
in-depth analysis of which patients within a certain population are specifically at risk. This
can be beneficial if there is not enough time to screen everyone. Healthcare professionals are
then informed which subgroup may be specifically at risk. However, the hallmarks of this
risk for malnutrition may differ per population.
Healthcare professionals sometimes experience their first acquaintance with the
PG-SGA professional component, in particular the physical examination, as comprehensible but difficult.45 Evidently, the reliability of the PG-SGA depends on its adequate use by
means of a thoroughly executed cross-cultural translation if the English language is not the
standard and trained dietitians/ healthcare workers. Other researchers have shown that a
course aimed at increasing knowledge significantly improves perceived barriers in working
with the PG-SGA.46,47 Training may also ensure reliability of the measurements.48
The studies in different patient groups that are reported in this thesis had a cross-sectional
study design. Therefore, no causal relationships and only associations could be determined.
The reported associations nevertheless generated hypotheses for future research. For the
study on the coexistence of malnutrition and frailty in patients with COPD, the data were
prospectively aggregated and cross-sectionally analyzed as a first step. There is a need for
prospective data analyses with a sufficient follow up time to determine how coexistence
changes over time during rehabilitation.

Future research
The next step would be to perform randomized controlled trials aimed at studying the effect
of interdisciplinary interventions in patients to prevent or treat malnutrition and therewith
improve clinical outcomes. The effects of oral supplements have been studied, and evidence
for benefits on nutritional and clinical outcome parameters is limited. The presence of
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cachexia in patients with COPD may cause the limited efficacy of simple oral nutritional
interventions that do not address the metabolic disturbances associated with cachexia.49 In
order to adequately intervene upon malnutrition there is a need to perform an assessment
of its specific subtypes. Malnutrition is an umbrella term, and several different subtypes exist including acute or chronic disease-related malnutrition with inflammation, for example,
cachexia.17 Since the aetiology of these subtypes differs, nutritional therapy may differ as
well as the prognosis of the success of the nutritional intervention.
In addition, studies should focus on the effect of treatment on possible reversibility
of frailty status. The dynamics of the relationship between malnutrition and frailty need
to be assessed in longitudinal studies in different populations. Since only the relationship
between malnutrition and physical frailty is thus far being studied, frailty and malnutrition
together seem to be understudied. Such studies appear to be urgent since the prevalence
of frailty is so high in chronic disease populations such as those with COPD. Malnutrition
may be a risk factor for frailty but may also be a consequence of frailty. Learning more
about this relationship may help to focus on specific interventions. A recent review on the
prevention or reduction of frailty in community-dwelling older adults reported on several
successful intervention strategies. Exercise was reported as being a successful moderator of
frailty also in combination with a nutrition intervention or in combination with a nutrition
and cognition intervention.50 However, the studies included in this review were aimed at
reducing physical frailty and not multidimensional frailty in community dwelling older
adults and not in patients with a chronic disease.50 Nevertheless, as frailty is a dynamic
multidimensional system, it is plausible to suspect complex interactions between the various contributing factors that may need simultaneous intervention.
From the research performed for this thesis emerges that patients with a chronic disease
who are not assessed as being at risk for malnutrition or being malnourished may nevertheless experience difficulties with their diet. These are patients that do not lose weight or
muscle but do experience nutrition impact symptoms that may raise barriers for healthy
food intake. Therefore, patients with a chronic disease, even if not malnourished, may
still have an inadequate diet. From the Dutch National Consumption Survey 2007-2010 it
can be learned that the majority of the Dutch population does not meet the lower limit of
recommended vegetable and fruit consumption: percentages vary between 1% up to 14%
and 3 up to 26%, respectively, depending on the age gender group. Furthermore, most
Dutch adults do not meet requirements for bread and dairy products.51 In a study on barriers for eating healthfully in a general population, the primary challenges were reported
to be “financial resources, daily habits, fondness of ‘good’ [meaning tasteful] food, time
constraint and lack of will power”.52 Hardly any of these were mentioned by the patients in
the study on dietary resilience, indicating that eating healthy is difficult for many people; the
nutrition-related challenges in patients with COPD are indeed disease-specific. The nonachievement of a healthy diet by patients with a chronic disease may be addressed from this
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perspective. Achieving and maintaining a healthy diet is a basic need for anyone, including
patients with a chronic disease. Healthcare professionals must address this need by showing
an interest in their patients’ diets. Future research should aim at identifying additional areas
that impact the achievement of a healthy diet in patients with chronic disease.

Concluding remarks
This thesis showed that a substantial part of the patients is malnourished or at risk for
malnutrition, whereas these patients may be unrecognized and thus not treated. Therefore
screening and assessment are important, and should be performed in such a way that all domains of malnutrition are represented, as well as the underlying factors that give guidance to
interventions. Insight in what motivates people to eat healthy and new methods to measure
body composition can be helpful to the nutrition care process. This is important as (risk
for) malnutrition is a predictor of worse clinical outcome and is associated with frailty. To
improve recognition of malnutrition and nutrition-related disorders, more knowledge and
awareness is needed. Such a change may empower both the patient and healthcare professionals to improve the patient’s nutritional status and functioning.23
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Samenvatting
Ondervoeding is gedefinieerd als ‘een toestand waarbij een tekort aan voedingsstoffen leidt
tot veranderde lichaamssamenstelling (verminderde vetvrije massa), lichaamscelmassa, verminderde fysieke en mentale functie en slechtere klinische uitkomsten’. Ondervoeding komt
voor bij ca. 10 tot 45% van de patiënten in ziekenhuizen. Om ondervoeding te voorkomen
of te behandelen is het noodzakelijk om (het risico op) ondervoeding in een vroeg stadium
te herkennen. De prevalentie en de kenmerken van (het risico op) ondervoeding kunnen
verschillen tussen en binnen patiëntenpopulaties, waardoor ook de benodigde interventies
kunnen verschillen. Deze interventies kunnen bijvoorbeeld gericht zijn op het tegengaan
van voedingsproblemen zoals misselijkheid of pijn, maar ook op het verbeteren van de
voedingsinname of functionaliteit en activiteit.
Het belangrijkste doel van dit proefschrift was het verkrijgen van nieuwe inzichten en
kennis met betrekking tot screening en diagnostiek van ziektegerelateerde ondervoeding
en de implicaties van ondervoeding voor zorgprofessionals, om de zorg in de dagelijkse
praktijk te verbeteren. Het doel was bij te dragen aan de huidige kennis omtrent het herkennen van patiënten die een voedingsinterventie nodig hebben, en het beter begrijpen van
verbanden tussen (risico op) ondervoeding en klinische uitkomsten, zoals kwetsbaarheid
en invaliditeit. Daarnaast was het doel om kennishiaten rondom het herkennen en diagnosticeren van ondervoeding door zorgprofessionals bloot te leggen, en om de belemmeringen
te onderzoeken die mensen met een chronische ziekte ervaren in relatie tot voeding, en
welke strategieën zij gebruiken om daar mee om te gaan.
In de onderzoeken lag de focus op klinische populaties waarvan vermoed werd dat zij
een verhoogd risico hadden om ondervoed te zijn. Zowel kwantitatieve als kwalitatieve
onderzoeksmethodes zijn hierbij toegepast.
Het eerste onderzoek (Hoofdstuk 2) liet zien dat een aanzienlijk deel (24%) van de
patiënten met vaatproblemen voorafgaand aan een operatie een matig tot hoog risico op
ondervoeding heeft. Binnen deze patiëntengroep zijn roken, vrouwelijk geslacht en de
operatie-indicatie amputatie factoren die zijn geassocieerd met risico op ondervoeding.
Het risico op ondervoeding werd bepaald met de PG-SGA Short Form. Dit instrument
kent vier subdomeinen, namelijk Gewicht, Voedingsinname, Symptomen en Activiteit en
functioneren. Scores in deze subdomeinen van de PG‑SGA SF lieten zien dat het risico op
ondervoeding in deze populatie voornamelijk werd gekenmerkt door de aanwezigheid van
symptomen die de voedingsinname belemmeren, zoals verminderde eetlust, vermoeidheid
en pijn, gecombineerd met beperkingen in activiteit en functioneren. Dit is belangrijk voor
de klinische praktijk, omdat met deze informatie adequate interventies ontwikkeld kunnen
worden om de conditie van patiënten voorafgaand aan een operatie mogelijk te verbeteren.
In Hoofdstuk 3 is onderzocht in hoeverre risico op ondervoeding voorafgaand aan
de operatie gerelateerd is aan het risico op complicaties na vaatchirurgie. Hiertoe werden
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de frequentie en de ernst van postoperatieve complicaties middels de Comprehensive
Complication Index bij patiënten na de operatie in kaart gebracht. Patiënten met een
matig tot hoog risico op ondervoeding (PG-SGA SF score van 4 punten of hoger) bleken
vaker en/of ernstiger postoperatieve complicaties te hebben dan patiënten met een laag
risico op ondervoeding. Dit betekent dat het voor zorgprofessionals die met deze groepen
patiënten werken, het belangrijk is er rekening mee te houden dat deze patiënten mogelijk
interdisciplinaire interventies nodig hebben om het risico op complicaties na operatie te
verminderen.
Om het kennisniveau van diëtisten te bepalen met betrekking tot ondervoeding en
voedings-gerelateerde fenomenen, werd een peiling gedaan onder 369 diëtisten in België,
Noorwegen, Zweden en Nederland (Hoofdstuk 4). Respondenten werd gevraagd om de
definitie van ondervoeding en een diagnose te geven bij drie casussen betreffende hongeren,
cachexie en sarcopenie. De antwoorden met betrekking tot de definitie werden vergeleken
met de conceptuele definitie van de European Society for Clinical Nutrition and Metabolism
(ESPEN). Van de respondenten had 41% hierop een voldoende score. Van de respondenten
kon 31% het onderscheid maken tussen de verschillende fenomenen zoals voorgelegd in
casussen. Ook bleek dat het percentage diëtisten dat voldoende kennis had met betrekking
tot zowel de definitie als de casussen laag was (13%). Omdat weinig diëtisten de verschillen
tussen de voedingsgerelateerde fenomenen kunnen onderscheiden, kan het gevolg hiervan
zijn dat patiënten niet optimaal behandeld worden.
Om inzicht te verkrijgen in diagnostiek van ondervoeding en voedingszorg bij tuberculose patiënten werd een review van de literatuur uitgevoerd (Hoofdstuk 5). Hieruit bleek
dat maar in 2 (6%) van de studies die werden geïncludeerd in deze review, een diagnostisch
instrument werd gebruikt dat alle drie domeinen van de conceptuele definitie van ondervoeding bestrijkt. In 6 van de 17 voedingsinterventiestudies die werden geïncludeerd in de
review werd bij aanvang van het onderzoek geen diagnostiek verricht naar ondervoeding.
De voornaamste uitkomstmaten van de meeste voedingsinterventiestudies waren geen
voedingsparameters, maar uitkomstmaten gerelateerd aan de ziekte of behandeling zelf,
bijvoorbeeld verbetering van beeld op longfoto’s of blootstelling aan rifampicine. Bovendien rapporteerde slechts 53% van de studies resultaten met betrekking tot een of meerdere
voedingsparameters. Voor de klinische praktijk betekenen de resultaten van deze review dat
bij patiënten met tuberculose waarschijnlijk alleen de ernstigste gevallen van ondervoeding
worden herkend, en de minder ernstige dus onbehandeld blijven.
Echografie is een relatief nieuwe methode om diagnostiek van spiermassa te verrichten.
De verkennende studie naar de toegevoegde waarde van echografie bij patiënten met COPD
(Hoofdstuk 6) is de eerste die in deze patiëntengroep bepaalt in welke mate echografisch
gemeten spiergrootte, vetvrije massa-index gemeten middels bio-impedantiemeting en
functie bepaald door middel van de handknijpkracht en de ‘five times sit to stand’ test aan
elkaar gerelateerd zijn. De resultaten lieten zien dat de grootte van de rectus femoris (een
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spier aan de voorzijde van het dijbeen) geassocieerd is met vetvrije massa-index en spierkracht bij patiënten met COPD. Het echografisch meten van spieren zou een belangrijke rol
kunnen gaan spelen bij het vaststellen van de perifere spierstatus in de klinische praktijk.
In het onderzoek beschreven in Hoofdstuk 7 werd het tegelijk voorkomen van en relaties tussen ondervoeding, kwetsbaarheid, fysieke kwetsbaarheid en invaliditeit onderzocht
bij patiënten met COPD. Bij deze patiënten komen ondervoeding en kwetsbaarheid regelmatig samen voor (40%). Hoewel de prevalentie van elk van de vier condities redelijk hoog
is, zijn deze vier condities maar beperkt tegelijk aanwezig (11%). Dit onderzoek was van
belang omdat met kennis van de complexe relaties tussen deze condities mogelijk adequate
interdisciplinaire interventies kunnen worden geïdentificeerd om de gezondheid van deze
patiënten te verbeteren.
De studie naar veerkracht op het gebied van voeding bij patiënten met ernstig COPD
(Hoofdstuk 8) liet zien dat patiënten met ernstig COPD belemmeringen ervaren met betrekking tot het doen van boodschappen, maaltijdbereiding en eten. De hoofdthema’s voor
motivatie om veerkracht te ontwikkelen op het gebied van voeding onder de deelnemers
waren: “Zo gezond mogelijk willen zijn”, “Onafhankelijk willen zijn” en “Behouden van continuïteit en plichtsgevoel”. Ondanks hun motivatie, en de strategieën die zij ontwikkelden
met als doel om te gaan met hun individuele belemmeringen op het gebied van voeding,
voldeed de voedingsinname van de meerderheid van de patiënten met ernstig COPD in de
studie niet aan de criteria voor een gezonde voeding. Voor zorgprofessionals is het belangrijk kennis te nemen van de strategieën en (achtergronden van) motivatie om gezond te
eten van patiënten met ernstig COPD, zodat zij andere patiënten hiermee mogelijk kunnen
helpen.
Samenvattend laat dit proefschrift zien dat een substantieel deel van de patiënten
ondervoed is, of een risico daarop heeft, terwijl dit mogelijk niet herkend en dus ook
niet behandeld wordt. Screening en assessment zijn daarom belangrijk, waarbij wordt
aanbevolen deze zodanig uit te voeren dat de verschillende domeinen van ondervoeding
evenals onderliggende factoren hierin vertegenwoordigd zijn, welke handvatten geven voor
benodigde interventies. Inzicht in wat mensen motiveert om gezond te eten en nieuwe
methoden om de lichaamssamenstelling te bepalen, kunnen hierbij behulpzaam zijn. Dit
alles is van belang omdat (risico op) ondervoeding een voorspeller is van slechtere klinische
uitkomsten en bovendien gepaard kan gaan met kwetsbaarheid. Om ondervoeding beter
te kunnen herkennen en de aan ondervoeding gerelateerde fenomenen beter van elkaar
te kunnen onderscheiden is meer kennis en bewustwording nodig. Een volgende stap zou
zijn om onderzoek te doen naar het effect van interdisciplinaire interventies bij ondervoede patiënten, of bij patiënten met een risico daarop, met als doel klinische uitkomsten te
verbeteren.
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