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1 Cognitive performance: a cross-sectional study on serum vitamin D and

2 its interplay with glucose homeostasis in Dutch older adults.
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Abstract

Objectives: First of all, the association between serum 25-hydroxyvitamin D
(25(0OH)D) and cognitive performance was examined. Secondly, we assessed
whether there was evidence for an interplay between 25(OH)D and glucose

homeostasis in the association with cognitive performance.

Design, Setting and Participants: Associations were studied using cross-
sectional data of 776 (3 domains) up to 2722 (1 domain) Dutch community-

dwelling older adults, aged =65 years.

Measurements: Serum 25(OH)D, plasma glucose and insulin concentrations
were obtained. Cognitive performance was assessed with an extensive
cognitive test battery. Prevalence Ratio’'s (PRs) were calculated to quantify
the association between 25(OH)D and cognition; poor performance was

defined as the worst 10% of the distribution of the cognitive scores.

Results: The overall median MMSE score was 29 (IQR 28-30). Higher serum
25(OH)D was associated with better attention and working memory, PR 0.50
(95% CI 0.29-0.84) for the third serum 25(OH)D tertile, indicating a 50% lower
probability of being a poor performer than participants in the lowest tertile.
Beneficial trends were shown for 25(OH)D with executive function and

episodic memory. Serum 25(OH)D was not associated with plasma glucose or
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insulin. Plasma insulin only modified the association between serum 25(OH)D
and executive function (P for interaction: 0.001), suggesting that the
improvement in executive function with high 25(OH)D concentrations is
stronger in participant with high plasma insulin concentrations compared to

those with low plasma insulin concentrations.

Conclusion: Higher 25(OH)D concentrations significantly associated with
better attention and working memory performance. This study does not
demonstrate an interplay between serum 25(OH)D and glucose homeostasis

in the association with cognitive performance.

Keywords: Vitamin D, plasma glucose, plasma insulin, type 2 diabetes,

cognition, dementia.
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Introduction

Aging is a generally known key risk factor for dementia. However, the exact
underlying pathophysiological mechanisms still need to be unraveled.
Nutritional factors may play a role; vitamin D is one of the nutrients under

study *.

Several studies have provided biological evidence for a role of vitamin D in
cognitive performance (reviewed in #°). The discovery of vitamin D receptors
and 1-OH-ase, the enzyme that catalyses the conversion of the biological
inactive form of vitamin D (25(OH)D) in the biological active form 1,25-
dihydroxyvitamin D (1,25(0OH),D), in brain tissue are probably the two most
clear findings supporting a potential vitamin D effect. Next to that, treatment
with 1,25(0OH),D has been shown to stimulate amongst others neurotrophin
synthesis, choline acetyltransferase activity, and amyloid clearance (reviewed
in 2%). Finally, besides these direct pathways between vitamin D and cognitive
performance, one might also think of indirect pathways. For instance, vitamin

. Glucose

D deficiency has been associated with glucose intolerance
intolerance on its turn has been related to both vascular damage and
cognitive decline ’. Accordingly, it may be that the potential favourable effect
of vitamin D on cognitive performance can be partially explained by its
beneficial effect on glucose tolerance. It may also be that glucose tolerance

biologically interacts with vitamin D. Therefore, it may be that the potential

association between vitamin D and cognitive function appears to be stronger
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in persons with glucose intolerance than in their glucose tolerant counterparts.
These possible pathways, however, have only been examined in a few
studies %2,

So far, results from observational studies 1811318

exploring the association
between serum 25(OH)D and cognition in humans have been equivocal. Four
studies adjusted their final analyses for a marker of glucose homeostasis g1l

one suggests a modest role for type 2 diabetes °

. Unfortunately, more
detailed studies examining the influence of glucose homeostasis in the

association between serum 25(OH)D and cognitive performance are lacking.

Therefore, we studied the association between serum 25(OH)D and domain-
specific cognitive performance in Dutch older adults aged >65 years, with a
specific interest for the potential mediating and modifying role of glucose

homeostasis.



77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

Methods

Participants

This cross-sectional study was performed using baseline data of the B-
PROOF study; a randomized, double blind, placebo-controlled trial designed
to assess the effect of daily oral supplementation of vitamin B1, (500 pg) and
folic acid (400 pg) on fractures in mildly hyperhomocysteinemic older adults
265 years. This large multi-centre project was conducted in The Netherlands
by a consortium from Erasmus MC (EMC, Rotterdam), VU University Medical
Center (VUmc, Amsterdam) and Wageningen University (WU, Wageningen),
with the latter acting as coordinator. Recruitment took place from August 2008
until March 2011. Participants were largely recruited via the registries of
municipalities in the area of the research centres, by contacting all inhabitants
aged > 65 years by mail. In addition, participants were recruited by means of
information brochures and meetings that were provided to inhabitants of
elderly homes in the area of Rotterdam, Amsterdam and Wageningen. Finally,
we also contacted elderly people who had participated in previous studies of
the research centres. Participants with homocysteine concentrations
<12umol/L or >50 ymol/L, and creatinine concentrations >150 umol/L were
excluded from participation of the study. Further details on this study can be

1% The Medical Ethics Committee of

obtained from the design paper
Wageningen UR approved the study protocol and the Medical Ethics

Committees of VUmc and Erasmus MC confirmed local feasibility. All
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participants gave written informed consent. For the current analyses, only
data of participants with serum 25(OH)D measurements have been used

(n=2857) (supplementary Figure ).

Cognitive performance

Cognitive performance was assessed according to a standard protocol, by a
well-trained staff. The Mini-Mental State Examination (MMSE) was
administered to assess overall cognitive status . An extensive
neuropsychological test battery covered four cognitive domains: attention and
working memory (n=787), executive functioning (n=776), information
processing speed (n=797) and episodic memory (n=2722).

The Rey Auditory Verbal Learning Test (RAVLT) was used to measure
immediate and delayed recall, as well as recognition for word lists, as indices
of episodic memory ?*. RAVLT decayed recall was calculated as the number
of words recalled approximately 15 minutes after the fifth session of the
RAVLT minus the number of words recalled at the fifth session of the RAVLT.
The Digit Span forward and backward from the Wechsler Adult Intelligence
Test (WAIS-IIl) measures attention and working memory ?%. Trail Making Test
(TMT) part A measured information processing speed, and part B assessed
concept-shifting interference as part of executive functioning ?3. Stroop Color-
Word Test measured selective attention and inhibition as part of executive
functioning 2*. To control for the effect of motor speed on TMT and Stroop

performance, we calculated interference measures, specifically TMT-ratio
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(TMT B/TMT A) and Stroop part 3 (Time needed for Stroop part 3 — [mean
time needed for Stroop part 1 and 2]). The Symbol Digit Modalities Test
(SDMT) measures information processing speed . Letter Fluency - using
three letters - measured response generation as part of executive function °.
The letter fluency score was composed of the sum score of the three letters.

To compare the results of the individual cognitive tests and to limit the number
of dependent variables, raw test scores were clustered into compound scores
for the four neuropsychological domains. Data of baseline measurements
were used as norm data to create individual Z-scores (Z-score = (score test —
mean paseline)/SD paseline) @and the following domains in formula form were
created: Episodic memory = (Z raVLT total immediate recall ¥ Z RAVLT decayed recall + Z
RAVLT recognition)/3, Attention and working memory = (Z pigit span forward + Z Digit Span
backward)/2, Information processing speed = (-Z siroop mean 1 and Il + -Z Trail making test
part A + Z symbol Digit Modalities Test)/3, EXecutive functioning = (-Z stroop interference + -Z
Trail making ratio + Z verbal Fluency)/3. Cognitive performance was dichotomized: a
participant belonging to the worst 10% of cognitive performers was defined as
being a poor performer. The other 90% of the population was defined as

‘normal’ performer %',

Biochemical analyses
Blood samples were drawn in the morning when the participants were fasted
or had consumed a restricted breakfast. Samples were stored at -80 “C until

determination. Serum 25(OH)D was measured by isotope dilution — online
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solid phase extraction liquid chromatography — tandem mass spectrometry
(ID-XLC-MS/MS) 8. Plasma glucose concentrations were analysed using a
hexokinase method (Gluco-quant, Roche Diagnostics). Insulin levels were
determined using an immunometric assay (ADVIA Centaur immunoassay
system, Siemens Medical Solutions Diagnostics). Creatinine concentration

was measured using the enzymatic colorimetric Roche CREA plus assay.

Covariates

Height was measured at baseline with a stadiometer to the nearest 0.1 cm.
Weight was measured to the nearest 0.5 kg with a calibrated analogues scale.
Body Mass Index (BMI) was calculated as weight/height?. Data on education
level (primary, secondary or higher education), smoking status (non-smoker,
current smoker, former smoker), physical activity (kcal/day) *°, alcohol
consumption (light, moderate, excessive) *°, history of falling in the 12 months
prior to baseline, and disease history were collected by means of
guestionnaires. The physical performance score was calculated by summing
the scores of three individual tests (0-12 points), specifically the time taken to
walk six meters including a 180° turn (walking test), time taken to rise five
times from a chair without using the hands as fast as possible (chair stand
test), and the ability to perform the tandem stand for ten seconds (tandem
stand). The 15-item Geriatric Depression Scale (GDS) was used as a
screening tool for depression. Scores 25 are indicative of a depressive

episode *'. Season was based on the month of blood sampling. Season of
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blood collection was dichotomized into summer (June—November) and winter
(December—May). Covariate selection was based on the current scientific
literature. Specifically, a variable was considered potentially relevant for the
associations under study when literature indicated that the variable might be
associated with serum 25(OH)D status, might affect cognitive performance,
was not considered a mediating factor in the causal path or a surrogate

marker for the exposure.

Statistical Analyses

Participant characteristics are reported as mean with standard deviation (SD),
or percentages. Medians with interquartile range (IQR) were used to report
skewed variables.

Cox proportional hazards analysis with robust error variance was conducted
to calculate Prevalence Ratio’'s (PRs) for domain-specific cognitive
performance per serum 25(OH)D tertile, using the lowest tertile as the
reference group. By assigning a constant risk period to all participants in the
study, the obtained hazard ratio can be considered as a prevalence ratio (PR)
%2 This PR corresponds to the probability of being defined as a poor cognitive
performer in participants with moderate or high serum 25(OH)D
concentrations, compared to participants with low serum 25(OH)D
concentrations. Analyses were adjusted for age, sex (model 1), BMI,
education, smoking, alcohol consumption, habitual physical activity and

season of blood sampling (model 2).

10
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The dose-response of the association between serum 25(OH)D with plasma
glucose and plasma insulin was explored by restricted cubic spline regression,
and multiple linear regression analyses. Plasma glucose and plasma insulin
were not normally distributed and therefore logarithmically transformed. All
analyses were adjusted for age, sex (model 1), BMI, education, smoking,
alcohol consumption, habitual physical activity and season of blood sampling
(model 2).

Cox proportional hazards analysis was used to evaluate the associations of
plasma glucose and plasma insulin with domain-specific cognitive
performance; results are presented per 0.1 and 5 unit increment in plasma
glucose and plasma insulin, respectively. Analyses were adjusted for age, sex
(model 1), BMI, education, smoking, alcohol consumption and habitual
physical activity (model 2) and depression.

Mediation of the association between serum 25(0OH)D and cognitive
performance by glucose homeostasis was examined by studying the
association 1) between serum 25(OH)D and glucose homeostasis, 2) between
glucose homeostasis and domain-specific cognitive performance and 3) by
adding plasma glucose and plasma insulin, independently, to fully adjusted
Cox proportional hazards models that explored the associations between
serum 25(0OH)D and domain-specific cognitive performance. Moreover, the
interaction between serum 25(OH)D and glucose homeostasis in its
association with cognitive performance was tested. In case of significant

findings, data was also presented stratified.

11



215 A P-value of <0.05 was used to determine statistical significance. Analyses
216  were performed using the statistical package SAS, version 9.1 (SAS Institute
217 Inc., Cary, NC, USA). Spline regression analyses were performed using R

218 version 2.15.
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Results

Table | shows the population characteristics. Participants of the subsample
who participated in more extensive cognitive performance assessment were
on average 72.5+5.7 years of age and had a median MMSE score of 29 (IQR:
28-30). Mean serum 25(OH)D concentration was 60+26 nmol/L. Thirty-seven
percent of the participants had serum 25(OH)D concentrations below the
recommended concentration of 50 nmol/L *3. Mean plasma glucose level was
5.8#1.4 mmol/L and median insulin level was 66 pmol/L (IQR: 41-127).
Participants with the lowest serum 25(OH)D concentrations were more likely
to be older (P<0.0001), had a higher BMI (P=0.002), a lower physical activity
level (P=0.006), more depressive symptoms (P=0.009) and were more likely

to be included in the study during the winter months (<0.0001) (Table I).

Vitamin D and cognitive performance

Unadjusted models showed that low serum 25(OH)D was associated with a
higher probability of a poor performance on all four cognitive domains (Table
). After full adjustment only the association of serum 25(OH)D with attention
and working memory remained significant, showing that participants in the
upper 25(0OH)D tertile had a 50% lower probability of being a poor performer.
For associations with executive function and episodic memory a non-
significant trend remained. Specifically, for executive function, people in the
second and third tertile had a 50% lower (PR 0.50 (95% CI 0.29-0.86) and

33% borderline non-significant lower (PR 0.67 (95% CI 0.38-1.16)) probability

13
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of a poor performance. A borderline significant association was observed for
episodic memory, PR 0.75 (0.55-1.03) for the upper serum 25(OH)D tertile.

Additional adjustment for depression or creatinine did not alter these results.

Vitamin D and glucose homeostasis

Tests for non-linearity of the restricted cubic splines showed that the dose-
response association of serum 25(OH)D status with log-transformed plasma
glucose and plasma insulin could be considered linear (figures not shown).
Subsequently, multiple linear regression analyses showed significant
associations for serum 25(OH)D with plasma insulin after adjustment for age
and sex, B -0.003 (P=0.02). However, in the fully adjusted regression
analyses this association attenuated and became non-significant, 3 for

plasma insulin -0.001 (P=0.31).

Glucose homeostasis and domain-specific cognitive performance

In fully adjusted models, only a significant association between plasma
glucose and attention and working memory was observed, PR 1.01 (1.00-
1.02) per 0.1 unit increase in plasma glucose, which roughly suggests a 10%
higher probability of being a poor performer with every 1-unit increase in
plasma glucose. Plasma glucose and plasma insulin did not significantly

associate with any of the other cognitive outcome measures (data not shown).

14
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Cognitive performance and the interplay of serum 25(OH)D and glucose
homeostasis

The above-mentioned findings imply that there is no mediation effect by
glucose homeostasis in the associations between serum 25(OH)D and
domain-specific cognitive performance (summarized in Figure 1). Exploration
of a potential modification effect of plasma glucose and plasma insulin (5) only
showed a significant interaction of plasma insulin with serum 25(OH)D for the
domain executive function (P=0.001), indicating a stronger association
between serum 25(0OH)D with executive function when having high plasma
insulin  concentrations compared to low plasma insulin concentrations

(supplementary Figure 11).
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Discussion

In this study, serum 25(OH)D was associated with attention and working
memory in community-dwelling older adults 265 years. Borderline significant
trends for associations of serum 25(OH)D with executive function and
episodic memory were observed. There was not convincing evidence for an
interplay between serum 25(OH)D and glucose homeostasis in these
associations.

Already several studies investigated the association between blood 25(OH)D
concentrations and global cognitive performance **3, but only some focussed

on specific cognitive domains 89111418

. In line with our results on higher
serum 25(OH)D concentrations and better attention and working memory,
participants of the NAME study (n=1069) ** and the ZENITH study (n=387) *°
also performed better on tasks related to working memory with increasing
25(0OH)D concentration. In the ISAAC study (n=159) *°, a trend towards an
association between 25(OH)D concentration and the domain working memory
was observed. We furthermore observed a trend towards an association
between serum 25(OH)D and executive function. Four other studies also
provided evidence for a potential role of serum 25(OH)D in executive function
8111417 Conversely, data of the MrOS (n=1559) *® and the ISAAC study ** did
not support an association between serum 25(OH)D and executive function.
The association between serum 25(OH)D and episodic memory has also
been studied before, but none of these studies observed a trend association

9,14-16,34

as shown in our study . McGrath and colleagues showed in the

16



298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

NHANES Il (n=4809) that, in contrast to their hypothesis, older adults with
higher serum 25(OH)D levels had worse memory and learning scores after
adjustment for age, sex, ethnicity and physical activity **. We did not observe
an association between serum 25(OH)D and information processing speed,
which is in line with results of the ZENITH study *°. In contrast, the European

® and the NAME study * have shown significant

Male Ageing study
associations of serum 25(OH)D with information processing speed tasks.
Trials examining the effect of vitamin D on cognitive performance are scarce
and most of them were suboptimal, having a small sample size, being
relatively short term, or lacking a control group >,

Mechanistic studies suggest a role for vitamin D in the production of
neurotrophins and neurotransmitters, inflammation, oxidative stress and
excitotoxicity, which may influence neurogenesis, neurotransmission, synaptic
plasticity as well as neuronal survival * Based upon previous
neuropsychological findings in observational studies, Annweiler and
colleagues proposed that low vitamin D levels may be particularly associated
with executive dysfunction, and as such with dysfunction of frontal-subcortical
neuronal circuits *. In our study a significant association was shown between
25(0OH)D and attention and working memory; trends were observed for
executive function and episodic memory. Explanations for these findings may
lie in the fact that conceptually, the domains executive function and working

memory overlap, as reflected in strong correlations between tasks of working

memory and executive function (r=0.97) *°, and that executive function and

17
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working memory by themselves may determine episodic memory task
performance “°. Due to this conceptual overlap between the specific brain
functions “°, it is challenging to identify what specific brain regions are affected
in case of low 25(OH)D concentrations. A mechanistic explanation for the
observed associations and trends in the different cognitive domains may lie in
the vascular hypothesis. More specifically, it has been shown that patients
with vascular dementia patients often experience deficits in executive
functioning and episodic memory **. Since we also observed associations or
tendencies on these domains - and with that considering the conceptual
overlap in the domains executive functioning and attention and working
memory - it may be postulated that vascular pathways are involved. However,
in order to get more insight in such an underlying mechanism, imaging studies
on measures of white matter hyperintensity volume and grade, large vessels
infarcts, and small vessel infarcts would be very valuable.

To further explore these underlying mechanisms linking vitamin D to cognitive
performance, we explored the potential modification and mediation effect of
markers related to glucose homeostasis in the association between serum
25(OH)D and cognitive performance, showing that plasma glucose or plasma
insulin did not mediate the pathway between serum 25(OH)D and cognitive
performance. Our analyses did reveal a significant interaction of serum
25(0OH)D with plasma insulin on the domain executive function. To the best of
our knowledge, this is the first study examining the role of glucose

homeostasis in this detail. Four other studies adjusted for type 2 diabetes or

18
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surrogate markers of type 2 diabetes in the association between serum
25(0OH)D and cognitive performance ®**: only the NHANES Il data suggested
that type 2 diabetes may be involved °.

Our participants were mainly community-dwelling Caucasian men and women
with a slightly elevated homocysteine concentration (=212 pmol/L). Even
though a substantial proportion of the Dutch older adults have such an

elevated level

, our findings may not be generalizable to other populations.
Specifically, elevated homocysteine concentrations have been associated with
cognitive decline, which may be due to a potentially toxic effect of

homocysteine on neurons and vascular endothelial cells *3#.

Hence,
cognitive problems may be somewhat more likely to be present in the B-
PROOF population as compared to the general population. Another limitation
of this study is the cross-sectional design. We observed that 25(OH)D
concentrations were higher in persons with a better attention and working
memory. Consequently, we suggest that the lower 25(OH)D concentrations
may result in a poorer attention and working memory. However, it is also
plausible that participants with a poor attention and working memory were less
likely to go outside and that the low 25(OH)D concentrations are the result of
the poor cognitive performance observed. Another limitation is the fact that
participants were allowed to consume a restricted breakfast. Therefore, the
plasma glucose and plasma insulin concentrations measured cannot be

considered fasted. Consequently, associations in this study with plasma

glucose and insulin as the outcome may have been biased towards the null.
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Associations with plasma glucose and plasma insulin as the exposure may be
underestimated. Strengths of this study are the extensive cognitive test
battery used, its large sample size, the possibility to adjust for a large number
of potential confounders, and the fact that we had the possibility to further
explore the potential role of glucose homeostasis in the association between
serum 25(OH)D and cognitive performance.

In all, we conclude that this study points towards a link between serum
25(0OH)D and cognitive performance, specifically attention and working
memory. Notwithstanding some significant findings, this study did not provide
convincing evidence for an interplay between serum 25(OH)D and glucose
homeostasis in association with cognitive performance. The fact that we
mainly observed non-significant trends for the associations between serum
25(0OH)D and cognitive performance may be because our participants were
relatively young and healthy to show a clear clinical manifestation of cognitive
problems, which is also suggested by the high MMSE score of this population.
It may for instance be that the brains of our participants did already function
less efficiently, but that this less efficient functioning was compensated for via
the activation of alternative brain networks *°, and therefore difficult to detect
with the paper-pencil tests that were used in this study. In future studies it
might therefore be interesting to further explore this potential ‘compensatory’
mechanism by including brain activity measurements, for instance by using
near-infrared spectroscopy (NIRS), functional Magnetic Resonance Imaging

(fMRI), or electroencephalorgraphy (EEG).
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Table I. Population characteristics, overall and by tertile of serum 25(OH)D.

Total Cognition Cognition subsample, P-value
population | subsample by tertile of serum 25(0OH)D
T1 T2 T3
<47 nmol/L | 47-70 nmol/L | >70 nmol/L

N 2857 846 280 286 280

25(0OH)D 56+25 60+26 3310 59+7 89+17 <0.0001

(nmol/L)*

Sex, men (%) 1459 (50) 495 (59) 149 (53) 174 (61) 172 (61) 0.09

Age, years 74.146.5 72.545.7 74.146.6 72.145.2 71.4+4.7 <0.0001

Bodszass Index, 27.1+4.0 27.243.9 27.514.4 27.6+3.8 26.5+3.3 0.002

kg/m

Glucose - 5.8+1.4 5.7+1.3 5.9+1.5 5.8+1.6 0.50

(mmol/L)**

Insulin (pmol/L)*** - 66 (41-127) | 71 (44-133) 68 (44-136) | 61 (38-105) 0.23

Creatinine 83.9+18.2 84.6+18.2 81.4+17.9 85.3+18.2 87.0+18.1 0.001

(umol/L)

Smoking, n (%) 0.56
Non 989 (34) 261 (31) 80 (29) 89 (31) 92 (33)

Current 281 (10) 86 (10) 34 (12) 29 (10) 23 (8)
Former 1649 (56) 499 (59) 166 (59) 168 (59) 165 (59)

Physical activity 650 573 496 581 625 0.006

(kcal/day) (343-826) (344-859) (289-785) (382-874) (386-894)

Physical 8.1+3.2 8.6+2.8 7.7£3.0 8.9+2.6 9.3+2.4 <0.0001

performance

score (0-12)

# falls (12 months 0.83

prior to baseline)

0 1498 (68) 363 (67) 123 (64) 132 (69) 108 (66)

1 458 (21) 117 (21) 46 (24) 37 (19) 34 (21)

2 258 (12) 66 (23) 22 (12) 23 (12) 21 (13)

Education, n (%) 0.68
Primary 1547 (53) 362 (43) 122 (44) 127 (44) 113 (40)
Secondary 615 (21) 187 (22) 63 (23) 65 (23) 59 (21)

Higher 757 (26) 297 (35) 95 (34) 94 (33) 108 (39)
Alcohol intake, n 0.02
(%)

Light 1966 (67) 546 (65) 201 (72) 171 (60) 174 (62)

Moderate 839 (29) 271 (32) 68 (24) 105 (37) 98 (35)

Excessive 112 (4) 29 (3) 11 (4) 10 (3) 8 (3)

MMSE 29 (28-30) | 29 (28-30) 29 (27-30) 29 (28-30) 29 (28-30) 0.16

(range 0-30)

GDS-15 1.0 (0-2.0) | 1.0(0-2.0) 1.0 (0-2.0) 1.0 (0-2.0) 0 (0-2.0) 0.009

(range 0-15)

Cardiac disease, 557 (25) 136 (25) 57 (30) 44 (23) 35 (22) 0.15

n (%)

TIA/stroke, n (%) 193 (9) 40 (7) 19 (10) 12 (6) 9 (6) 0.20

Kidney disease, n 57 (3) 13 (2) 4 (2) 5(@3) 4 (2) 0.95

(%)

Hypertension, n 863 (39) 219 (41) 73 (38) 80 (42) 66 (41) 0.73

(%)

Blood sampling 1531 (52) 552 (65) 145 (52) 191 (67) 216 (77) <0.0001
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from June -

November.

544  MMSE=Mini-Mental State Examination. GDS-15 = Geriatric Depression Scale-15. T=Tertile.
545  Vvalues are presented as mean+SD, or median (IQR). P-value refers to differences between
546  tertiles. Missings (n) for the cognition subsample: BMI (1), glucose (11), insulin (10),
547 creatinine (2), physical activity (2), physical performance score (1), fall frequency 12 months
548  prior to baseline (300), MMSE (14), GDS-15 (7), cardiac disease (304), TIA/stroke (n=305),
549  kidney disease (n=305), hypertension (n=306). *Currently the Institute of Medicine considers
550 a 25(0OH)D concentration <50 nmol/L as being insufficient **. **For blood glucose the
551  American Diabetic Association considers a fasting plasma concentration between 5.6 and 6.9
552 mmol/L indicative of an impaired glucose metabolism (pre-diabetes), a concentration =7.0
553 may indicate the presence of diabetes 48wk For fasting insulin the normal reference range in
554 the Netherlands is considered to be <118 pmol/L for normal weight persons and <180 pmol/L
555  for obsess persons *.

556
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Table Il. Associations of serum 25(0OH)D with domain-specific cognitive performance.
Shown by Prevalence Ratios (PRs) with 95% Confidence Interval (ClI) by tertile of serum

25(0OH)D.

Prevalence Ratio’s by tertile of serum 25(OH)D (nmol/L)
WUR T1: 4-47 T2: 47-70 T3:70-194 P for trend
(total population) (4-42) (42-65) (65-194)
AWM, n (cases)* 263 (38) 262 (27) 262 (18)
Crude model 1.0 0.71 (0.45-1.13) | 0.48 (0.28-0.81) 0.005
Model 1 1.0 0.71 (0.45-1.15) | 0.48 (0.28-0.84) 0.008
Model 2 1.0 0.72 (0.45-1.15) | 0.50 (0.29-0.84) 0.008
EF, n (cases)* 254 (40) 260 (17) 262 (19)
Crude model 1.0 0.41 (0.24-0.71) | 0.46 (0.27-0.77) 0.004
Model 1 1.0 0.49 (0.28-0.85) | 0.56 (0.33-0.98) 0.04
Model 2 1.0 0.50 (0.29-0.86) | 0.67 (0.38-1.16) 0.13
IPS, n (cases)* 260 (32) 267 (29) 270 (19)
Crude model 1.0 0.88 (0.55-1.42) | 0.57 (0.33-0.98) 0.04
Model 1 1.0 1.38 (0.86-2.20) | 0.97 (0.57-1.66) 0.95
Model 2 1.0 1.47 (0.93-2.33) | 1.03 (0.60-1.78) 0.86
EM, n (cases)* 896 (108) 918 (96) 908 (70)
Crude model 1.0 0.87 (0.67-1.12) | 0.64 (0.48-0.85) 0.002
Model 1 1.0 1.02 (0.79-1.32) | 0.77 (0.58-1.03) 0.07
Model 2 1.0 0.99 (0.76-1.29) | 0.75(0.55-1.03) 0.07

*Participants were characterized as poor cognitive performers when cognitive test scores fell
below the 10th percentile. Model 1 is adjusted for age and sex. Model 2 is adjusted for age,
sex, BMI, education, alcohol consumption, smoking, physical activity, season of blood
sampling and centre. None of the PRs substantially changed after additional adjustment for
depression, plasma glucose or plasma insulin. AWM = Attention and Working Memory. EF=
Executive Function. IPS = Information Processing Speed. EM = Episodic Memory. PR =
Prevalence Ratio's. WUR: subpopulation measured at Wageningen University.
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Figure legend

Figure I. Overview of the associations studied. The associations are
displayed per cognitive domain, where Figure 1A shows the associations for
‘attention and working memory’, 1B for the domain ‘executive functioning’, 1C
for the domain ‘information processing speed’, and 1D for the domain
‘episodic memory’. Per subfigure, associations are shown for (1) serum
25(0OH)D with the particular cognitive domains, (2) serum 25(OH)D with
glucose homeostasis, (3) glucose homeostasis and the particular cognitive
domains, (4) serum 25(OH)D and the particular cognitive domains that were
adjusted for either plasma glucose or plasma insulin, and (5) association of
serum 25(OH)D and the particular cognitive domains, explored for potential

modification by plasma glucose and plasma insulin.
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Supplementary Figure I. Flow diagram describing the data used for the statistical analyses.
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Supplementary Figure Il. Associations of serum 25(0OH)D with the domain executive function, stratified for (A) plasma glucose and (B) plasma insulin.
Associations are shown by Prevalence Ratio's (y-axis). Participants were characterized as poor cognitive performers when cognitive test scores fell below the

10th percentile. Absolute numbers for 25(OH)D*glucose are: 1.14 (0.59-2.20), 0.48 (0.21-1.12), 0.61 (0.22-1.71), 0.58 (0.17-2.01), 0.83 (0.24-2.88); absolute
numbers for 25(OH)D*insulin are: 0.71 (0.39-1.30), 0.60 (0.29-1.06), 0.44 (0.18-1.08), 0.65 (0.25-1.68), 0.86 (0.41-1.82)

‘-
1.25

0.75

PR 05

0.25

Low 25(OH)D Low 25(0OH)D
Moderate Moderate
25(0H)D High 25(0H)D 25(0H)D High 25(0OH)D

Glucose <5.5 mmol/L = Glucose 25.5 mmol/L

Insulin <66 pmol/L = Insulin 266 pmol/L



Title:

Individual competencies for managers engaged in corporate sustainable management practices

Authors:

Dr. R. Wesselink, Education and Competence Studies, Wageningen University
Dr. V. Blok, Management Studies, Wageningen University

S. van Leur, Student Management Studies, Wageningen University

Dr. T. Lans, Education and Competence Studies , Wageningen University

Dr. D. Dentoni, Management Studies, Wageningen University

Renate Wesselink (Corresponding Author)

Wageningen University, Education and Competence Studies, P.O. Box, 8130, 6700 EW, Wageningen.

Netherlands. Renate.Wesselink@wur.nl, +31 (0) 317 484833.

Vincent Blok
Wageningen University, Management Studies, Social Sciences Group, P.O. Box, 8130, 6700
Wageningen. The Netherlands. Vincent.Blok@wur.nl, +31 (0) 317 483623.

Sebastiaan van Leur
Wageningen University, Management Studies, Social Sciences Group, P.O. Box, 8130, 6700
Wageningen. The Netherlands. Sebastiaan.vanLeur@wur.nl, +31 (0) 317 484833.

Thomas Lans

Wageningen University, Education and Competence Studies, P.O. Box, 8130, 6700 EW, Wageningen.

Netherlands. Thomas.Lans@wur.nl, +31 (0) 317 488639.

Domenico Dentoni
Wageningen University, Management Studies, Social Sciences Group, P.O. Box, 8130, 6700
Wageningen. The Netherlands. Domenico.Dentoni@wur.nl, +31 (0) 317 483623.

Word count: 9689

The

EW,

EW,

The

EW,


mailto:Renate.Wesselink@wur.nl
mailto:Vincent.Blok@wur.nl
mailto:Thomas.Lans@wur.nl
mailto:Domenico.Dentoni@wur.nl

Abstract

Corporations increasingly acknowledge the importance of corporate sustainable practices. Corporate
social responsibility is therefore gaining significance in the business world. Since solving corporate social
responsibility issues is not a routine job, every challenge in corporate social responsibility requires its
own approach; and management competencies are crucial for designing appropriate approaches towards
the realization of sustainable solutions. On the basis of seven corporate social responsibility
competencies synthesized from the extant literature, this research provides an empirical analysis of
which of these competencies managers need in order to achieve corporate social responsibility goals
within their specific context; and at which specific stage of the implementation process. The data sources
are interviews with corporate social responsibility managers - whose positions and circumstances share
many similarities - at four large multinational enterprises. The empirical analysis reveals that managers
undertake four corporate social responsibility core tasks: I) orientation, II) reaching common ground,
III) performing pilot projects, and IV) embedding results. Within the context of the analysis, the
competencies: Systems Thinking, Embracing Diversity and Interdisciplinarity, Interpersonal Competence,
Action Competence, and Strategic Management were found to be necessary. The Embracing Diversity
and Interdisciplinarity competence was identified as the most relevant. This study contributes to the
corporate social responsibility (education) literature by introducing an empirical test of which
competencies are considered necessary for managers in various stages of corporate social responsibility
implementation. Linking these competencies to core tasks makes them more concrete and increases the
chances of interpreting them unambiguously, which in turn can aid learning trajectories in both business

and education.

Keywords: CSR competencies, CSR managers, CSR practices, Sustainability competencies.



1. Introduction

Corporate Social Responsibility (CSR) is gaining significance in the business world, as corporations
increasingly recognise the importance of ethical and responsible business practices to their survival and
legitimacy (Dunphy et al., 2003). CSR is a business approach to sustainable development wherein
companies voluntarily integrate environmental, social, and economic concerns with their business
strategies - and into their interactions with stakeholders - in a quest to contribute to society in a
sustainable way (Dahlsrud, 2008). This definition emphasises the voluntary nature of CSR, in that
businesses engage in CSR-related activities that go beyond compliance to laws and regulations; such
voluntary activities have the potential to increase the competitiveness of companies. However, since
these activities can be abandoned at any time (Lozano, 2012), it is critical that they be embedded in
organisations. In order to distinguish CSR from sustainability in this article, sustainability is defined as
the ultimate goal of society at large (Marrewijk and Werre, 2003), whereas CSR concentrates on the
contribution of companies to achieve said sustainability goal, for instance by balancing people, planet,
and profit in their business practices (Wempe and Kaptein, 2002).

However, the problem is that issues like global warming, poverty, hunger and biodiversity
decline cannot be solved in an easy and unilateral way. De Colle and Henriques (2013) underline this
with their statement that: “despite being well-intended, CSR standards can favour the emergence of a
thoughtless, blind and blinkered mindset which is counterproductive of their aim of enhancing the social
responsibility of the organisation” (p. 1). Schwartz and Tilling (2009) paint a more nuanced picture.
Although they acknowledge the necessity of standards (e.g. ISO 26000), they argue that CSR standards
may lead to the isolation (or decontextualisation) of complex and contested social issues, while favouring
their social legitimacy. Sustainability can be enhanced by (international) standards like ISO, but
sustainability challenges beyond these standards have to be approached in an interdisciplinary way (e.g.,
people, planet and profit); by means of collaborations between different stakeholders, in which the time
dimension and the context are taken into account as well (cf. Lozano, 2008). This means that
sustainability remains a challenge, where every problem or challenge should be studied in its own
particular context and time frame. This complexity grows even more because multiple stakeholders like
businesses, governments and non-governmental organisations (NGOs) interact in sustainability issues
with often conflicting value frames and ideologies (Peterson, 2009); this explains the complexity of many
CSR practices as well. This complexity is also partly recognisable in other management areas like quality
management or change management, but competing interests and value frames of stakeholders are
particularly at stake where it comes to CSR practices.

Dealing with CSR challenges is complex, and strategic and operational decisions have to be
taken at the individual level or at the level of an internal (e.g. management team, board of directors)
and/or external (e.g. multiple stakeholders) team of individuals with different backgrounds, interests and
value frames. Furthermore, because of the complexity of CSR challenges, standard responses will not
suffice; what worked in the past does not necessarily work for the future. This explains the importance of
the individual level or, as it is framed by Hesselbarth and Schaltegger (2014), the level of “the change
agent”. Change agents are crucial for the development of the necessary flexibility and adaptability of
businesses in dealing with new and changing sustainability challenges, it is assumed that the flexibility
and adaptability of change agents lie embedded in individual competencies (Rothaermel and Hess, 2007;
Wals, 2010). Although it is clear that the individual level is crucial to the achievement of sustainability
goals, current research in business and management literature mainly concentrates on factors affecting
or enhancing sustainability performance emanating from the institutional and organisational level (see

Aguinis and Glavas, 2012 for a review; Veldhuizen et al., 2013). There is a call for studies on the



contribution of individuals that may affect organisational CSR-performance (Aguinis and Glavas, 2012).
In educational literature (i.e. education for sustainable development), the importance of the individual
level is already recognized and better researched.

In Dentoni et al. (2012), CSR competencies in the business context are summarised by making
use of existing sets of CSR and sustainable development (SD) competencies provided, for instance, by
De Haan (2010) and Wiek et al. (2011). In general, these sets of competencies find their origins in
educational literature and are based on literature reviews; without hardly any verification whether or how
these competencies are connected with managerial CSR tasks. The goal of this paper is to empirically
explore the competencies identified in the extant literature as to which of them enable managers to fulfil
core tasks of CSR implementation in a specific business context. Relative to the existing literature then,
this research introduces and applies a method for empirically assessing CSR competencies in cases
where CSR practices are implemented in other settings. To the best of the authors’ knowledge, this is the
first study analysing the links between CSR competencies and core tasks of CSR implementation in a
business context. The first research question of this paper therefore is: 1) Which managerial CSR
competencies identified in the extant literature can be connected to CSR managers’ core tasks in CSR
implementation? An additional research question has to be raised to answer this question, because
competencies get more meaningful when related to the context in which they are performed (Mulder et
al., 2005). The second research question is: 2) What core tasks of CSR implementation can be identified
for CSR managers operating in a business context? Since this article concentrates on the business
context, in the remainder of this article sustainability and CSR are used interchangeably to characterize
the ongoing process within organizations to realise sustainable business practices.

This research is relevant from a scientific point of view because it is interesting to know which
competencies really matter in CSR implementation practices, as empirical findings about what is required
of the sustainability professionals are still limited (Hesselbarth and Schaltegger, 2014). Furthermore,
linking competencies with core tasks makes it possible to operationalise competencies in a more concrete
way, which is necessary as indicated by AdomBent et al. (2014). On the basis of several articles within
the framework of Education for Sustainable Development (ESD), they concluded that it is still necessary
to operationalise competencies for measurement (i.e. assessment instruments) and educational purposes
(i.e. education programmes). The latter is also important from a managerial point of view. The identified
competencies, accompanied by core tasks, may enhance human resource practices (e.g. selection,
development, assessment) and the development of these practices in the business (education) context.

The paper is structured as follows: first a theoretical framework for CSR competencies is
presented, followed by a method section in which the methods applied are elaborated upon. Finally, the

findings, conclusion and discussion are presented.

2. Theoretical framework

In this section the theoretical underpinnings concerning competencies are presented. The first part
concerns itself with competencies in general while the second part discusses competencies specifically
applicable to CSR.

2.1 Competencies

In education, as well as in the corporate world, the term competencies is used as a vehicle for
communicating about performance and learning processes of individuals (Mulder, 2001). Boyatzis (1982)
and McLagan (1989) were the first to link the practice of human resource management to development

in organisations. Competencies are seen as useful (e.g., Dubois and Rothwell, 2004; Lievens et al.,



2004), since they can be utilized in strategic workforce planning, selection, training and development,
performance management, succession planning, and motivation and rewarding. Using competencies in
organisations has benefits for both organisation and employee. The former is able to align its strategic
goals with the goals of the employees, and the latter experiences more transparency (Mulder, 2001).
Nonetheless, the concept of competence has been applied in widely differing ways in different countries
(Gonczi, 1994), in different disciplines, and at different times. It is this widespread use that is one of the
major pitfalls in working with competencies (Biemans et al., 2004). In order to fully understand what is
meant by competence in this study, the researchers think it is necessary to make abundantly clear how
to define the concept.

One can distinguish three main conceptualisations of competence: behaviouristic, generic and
holistic (Biemans et al., 2004; Sandberg, 2000). In the behaviouristic conceptualisation competencies
are described as observable behaviours (no attention is paid to the individuals’ input, only the output is
studied) associated with the completion of each small task (Gonczi, 1994). In the generic
conceptualisation of competence, which was formulated as a response to the behaviouristic approach,
competencies are personal qualities (character traits included) that distinguish average performers from
excellent performers (Eraut, 1994). While the context is taken into account at first, through the
identification (critical incidents), it gets lost again because this approach attempts to arrive at generic
descriptions. Currently, Biemans et al. (2004) indicate that most interpretations of competencies are
derived from the holistic conceptualisation. Within the holistic tradition, the concept of competence is
defined as follows: “Competence is the integrated performance-oriented capability of a person or an
organisation to reach specific achievements. These capabilities consist of clusters of knowledge
structures and also cognitive, interactive, affective and where necessary psycho-motoric skills, and
attitudes and values, which are conditional for carrying out tasks, solving problems and effectively
functioning in a certain profession, organisation, position and role” (Mulder, 2001, p.76). Hodkinson and
Issitt (1995) distinguish two dimensions of holism. The first dimension concerns the integration of
knowledge, skills and attitudes that are meaningful to someone who is (becoming) a practitioner. The
second dimension of holism relates to the interrelatedness with the context; competencies can only be
displayed in a context by taking core tasks or roles into account.

The aforementioned holistic conceptualisation of competence is adopted in this article, because
this conceptualisation is based on the observation that competence only acquires meaning within a
certain context, where professionals interact with one another. Furthermore, it acknowledges that
competence is related to the notion of situated cognition: “Knowledge is situated, being in part a product
of the activity, context, and culture in which it is developed and used” (Brown, Collins and Duguid, 1989,
p. 32). The conceptualisations of competence in the behaviouristic and generic traditions fall short in
addressing the developmental and situated nature of professional practice (Billett, 1994), and situated
professionalism (Mulder, 2014). Mulder et al. (2005) have emphasised the importance of analysing
meaningful combinations of core tasks before competencies can be identified or selected; said core tasks
represent the situation in which the competencies are put into practice. Taking core tasks as a starting
point ensures that the situation (i.e. the job and organisation) in which the competencies are to be
applied is taken into account. In this approach, competence modelling consists first of a task analysis
(from the perspective of the work that has to be done to ensure the connection with the situation) and
second a competence analysis (from the perspective of the worker who has to do the work) (Sandberg,

2000). This corresponds with what Cheetham and Chivers (1996) have called the functional approach.

2.2 CSR competencies



Over the past few years, individual competencies for sustainable development have received increasing
attention in sustainability literature. Significant progress has been made in conceptualising competencies
for sustainable development, predominantly in the world of education (e.g., Barth et al., 2007; De Haan,
2010; Wiek et al., 2011). Steps have been taken in the corporate world as well, Willard et al. (2010)
provides us with an overview of the competencies of sustainability managers. Within the educational
tradition, two recent studies should be singled out for their empirical approach. In the first place, the
study by Rieckmann (2012). He identified three important competencies (labelled as key competencies)
for higher education: systemic thinking and handling of complexity, anticipatory thinking, and critical
thinking. The significant value of this paper is the way it utilises its empirical basis (i.e. by questioning
international experts in the field of SD) to achieve international agreement in the debate concerning the
most important key competencies for SD. Secondly, the work of Hesselbarth and Schaltegger (2014). On
the basis of MBA alumni’s experiences, they empirically linked sustainability competencies with situated
duties and activities. They created a so-called competency matrix for change agents in sustainability, in
which they propose a structure of basic components for postgraduate education in sustainability
management. To complement and advance on this strand in the literature, this research introduces and
applies a method for providing empirical evidence on CSR competencies from the perspective of
managers undertaking CSR implementation practices.

In this study competencies are linked to core tasks of a job, while practitioners (CSR managers)
provide the empirical basis; the situatedness is taken into account. In this way, competencies might
grow more meaningful (according to Mulder, 2014) and that, in turn, might lessen the differences of
opinion about the proper interpretation of the competencies required for sustainability. The aim of this
article therefore - as the introduction already stated - is to relate CSR (key) competencies to the core
tasks of CSR managers in everyday practice, in order to get a better sense of the desired competencies
with the aim of increasing meaningfulness and doing away with misinterpretations.

Dentoni et al. (2012) made use of existing frameworks for SD and CSR competencies. They used
De Haan (2010) and Wiek et al. (2011) as starting points, complemented by sets of SD competencies
reported by Ellis and Weekes (2008), Mogenson and Schnack (2010), Schnack (1996) and Wilson et al.
(2006). From this they composed a list of seven competencies for sustainability. This list is a
comprehensive overview of SD competencies up to 2011 and was taken as a starting point for this study.
But neither the list by Dentoni et al. (2012), nor the lists sourced from other authors (i.e. De Haan, Wiek
et al.) view competencies in relation to the tasks or job duties of sustainability managers in professional
practice. This stems from the predominantly educational purposes and backgrounds of said sets of
competencies.

Dentoni et al. (2012) composed a framework consisting of seven competencies required for
professionals who are actively involved in dealing with sustainability in their work environment:

1. Systems thinking competence: the ability to identify and analyse all relevant (sub)systems
across different domains (people, planet, profit) and disciplines, including their boundaries. Systems
thinking competence is the ability to understand and reflect upon the interdependency of these
(sub)systems, including cascading effects, inertia, feedback loops and accompanying cultures (Wiek et
al., 2011).

2. Embracing diversity and interdisciplinarity competence: the ability to structure relationships,
spot issues, and recognise the legitimacy of other viewpoints in business decision making processes; be
it about environmental, social and/or economic issues. It is the ability to involve all stakeholders and to
maximise the exchange of ideas and learning across different groups (inside and outside the
organisation) and different disciplines (De Haan, 2010; Ellis and Weekes, 2008; Wilson et al., 2006).



3. Foresighted thinking competence: the ability to collectively analyse, evaluate, and craft
“pictures” of the future in which the impact of local and/or short term decisions on environmental, social

and economic issues is viewed on a global/cosmopolitan scale and in the long term (Wiek et al., 2011).

4. Normative competence: the ability to map, apply and reconcile sustainability values, principles
and targets (Wiek et al., 2011).
5. Action competence: the ability to actively involve oneself in responsible actions for the

improvement of the sustainability of social-ecological systems (De Haan, 2010; Mogensen and Schnack,
2010; Schnack, 1996).

6. Interpersonal competence: the ability to motivate, enable, and facilitate collaborative and
participatory sustainability activities and research (Wiek et al., 2011).

7. Strategic management competence: the ability to collectively design projects, implement
interventions, transitions, and strategies for sustainable development practices. This domain involves
skills in planning (e.g., design and implement interventions), organising (arranging tasks, people and
other resources), leadership (inspiring and motivating people) and control (e.g., evaluating policies,
programmes and action plans) (De Haan, 2010; Wiek et al., 2011).

The following section describes the empirical analysis methods used in this research.

3. Methods

To answer the research questions, existing interview data from a prior research project was used.
Analysing existing data for another purpose - i.e. secondary data analysis - involves pursuing a research
interest which is distinct from that of the original work; be it a new research question or an alternative
perspective on the original question (Hinds et al., 1997).

In this case, the stated goal of the prior research project was learning how companies engage
with stakeholders - such as NGOs or governments (Selsky and Parker, 2005) - and integrate knowledge
of sustainable development into the organisation (Veldhuizen et al., 2013). Within the context of this
prior project, the interviews described how managers undertook CSR activities in a multi-stakeholder
collaboration context; said project focused on the company involvement in cross-sector partnerships
within the framework of sustainability. The analysis put forward in this article, however, focuses on the
core tasks of individual professionals involved in the implementation of sustainability. The fact that
stakeholder involvement is crucial for working on CSR challenges has already been pointed out in the
theoretical section by referring to Peterson (2009); social responsibility implies responsiveness to the
expectations of stakeholders. All in all, the reutilisation of the existing interview data for pursuing
answers to other, albeit closely related, research questions was deemed legitimate. It adheres to what
has been called a new perspective focus (Heaton, 2002).

Heaton (2002) summarises four methodological and ethical concerns to be taken into
consideration when utilising secondary data analysis. The first issue concerns compatibility of the data.
To what extent are the data amenable to the goals of the secondary analysis? In this case, all of the
interviews were aimed at the analysis of organisational drivers for sustainable development. It was
therefore considered to be compatible. The second issue reported by Heaton (2002) concerns the
position of the secondary analyst. The requirement that was formulated to satisfy this issue is that the
secondary analyst has access to the primary data. In the current study, one of the analysts involved in
the secondary data analysis was also involved in collecting and analysing the primary data for the
original study. The third issue concerns the transparency with which the primary data were gathered. In
this study, the design, methods, and issues involved are fully reported on so as to be as transparent as

possible. Finally, Heaton (2002) brings forward the ethical issue. Where sensitive data is involved, to



what extent does secondary analysis violate the contract made between the subjects and the primary
researchers? In this case the topic of the interviews was sustainability as well, so in that sense the
contract is not deemed to have been violated.

The original research was based on case studies. Cases were selected on the basis of theoretical
sampling (see Veldhuizen et al., 2013 for more details on sampling and criteria). The case study method
is also appropriate for this current study because the context in which the managers operate is crucial to
the tasks they perform and consequently to the competencies they need (Yin, 2003). Furthermore, the
case study method lends itself to theoretical development (Yin, 2003). The nature of the study is
qualitative, in the sense that in-depth interviews of four managers were used for this research. This
research has an explorative nature because, to the knowledge of the researchers, it is the first time the

theoretical (key) competencies are defined in relation to practical core tasks of CSR implementation.

3.1 Sample Selection & Data Collection

As part of the prior project from which the interviews constituting the database for this research
are taken, between 2011 and early 2012 researchers questioned CSR managers of four of the fifty
largest global agri-food MNE’s. The agri-food business is a primary example of a sector where
sustainability is important, given its role in food-related health crises (European Commission, 2001) and
the enhancement of food safety (Hamann et al., 2012). Companies in the agri-food sector increasingly
attempt to meet the expectations of their stakeholders (customers, governmental organisations, society
at large) (Dentoni et al., 2012) in order to secure and enhance their license to operate (Blok et al., 2013;
cf. Gunningham et al., 2004).

While in the prior research the four companies involved in CSPs were purposely selected
(Veldhuizen et al., 2013), in this study it is the CSR managers that are analysed - rather than their
companies - since this study’s unit of analysis is the individual rather than the organization. The cases of
the four managers are comparable based on the following three parameters: 1) all companies operate in
the same industry (food manufacturers buying raw agricultural products); 2) all companies are
comparable in size - being large multi-nationals procuring similar agricultural products from developing
countries and emerging economies - and facing similar sustainability problems (similar in terms of global
scale and complexity of the issues at hand); and 3) all CSR managers work at the decision-making
European headquarters of their respective companies; all of which are based in the Netherlands.

The interviews were held with CSR managers (responsible for sustainability and CSR), were
semi-structured in nature, and focused on understanding how they dealt with multiple stakeholders in
the process of CSR implementation. Indirect questioning techniques were utilised to learn as much as
possible from the subjects, while at the same time attempting to minimise social desirability bias (Fisher,
1993). The managers were asked to: “describe a set of CSR initiatives undertaken by themselves as their

companies’ CSR representatives with stakeholders over time, both within and outside CSP for SD”.

3.2 Data analysis

Although multiple cases are used, it is not the aim of this study to compare said cases. The
cases are used to describe the tasks and activities of the CSR managers in their real-life context. The
data gathered in the four cases are analysed by means of a descriptive method (Yin, 2003).

The analysis of the interview data involved three steps and consisted of a combination of
inductive and deductive methods. All steps were undertaken with three researchers (in each step the

same researchers were involved) in order to establish intersubjectivity.



The first step consisted of the identification of core tasks. As explained above, a core task is
defined as an important meaningful task in practice (Mulder et al., 2005). Core tasks undertaken in the
sustainability initiatives were identified from the raw data in an inductive way. The first step was marking
those excerpts from each interview that represented relevant process steps and activities in moving
towards sustainability. These excerpts were subsequently labelled; the labels emerged bottom up while
selecting the excerpts. Initially, each researcher examined the interview transcripts individually and,
subsequently, identified excerpts and coded these excerpts with labels (open coding; Glaser and Strauss,
1967). Then the different lists of excerpts and accompanying labels were compared by the group of
researchers as a whole and integrated into one list by means of axial coding (Glaser and Strauss, 1967);
eventually ending up with a list of core tasks. Different rounds of coding were needed to attain sufficient
intersubjective agreement (Glaser and Strauss, 1967). The result was a list of 19 core tasks to be
explored and have their interrelationship examined. This resulted in four sets of core tasks arranged in
chronological order: I) Orientation, II) reaching common ground, III) performing pilot projects, and IV)
embedding results.

The second step was to identify labels for the competencies in order to make them, as
formulated within the theoretical framework, less abstract. Based on the description of the competencies
by Dentoni et al. (2012), and an existing questionnaire based on those same competencies (Lans et al.,
2014), the seven competencies were provided with labels representing underlying performance criteria.
This resulted in a total set of 70 labels for all CSR competencies (see appendix A). This step had a
deductive character; the theory-based competence descriptions are rendered more concrete by means of
these labels.

In the third and final step, the outputs of step 1 and 2 were matched. In practice this meant that
the relationship between the sets of core tasks (step 1) and the competencies (step 2) were assessed.
This relationship was assessed based on the overlap of both sets of concrete labels. Each researcher
initially examined the relationship between the labels of the competencies and labels of the core tasks on
his/her own. Subsequently, the similarities and differences were identified by the researchers as a group.
Since coding relations between core tasks and competencies is mainly interpretative work (Glaser and
Strauss, 1967), three rounds of discussion were needed to attain intersubjective agreement. The
percentage of labels that straddled both constructs was called the overlap (see table 3). If more than
50% of the labels of the competencies and the core tasks showed overlap, there was considered to be a
relationship between competence and core task. The percentage used is relatively low, owing to the

explorative character of this study, but is considered appropriate at this stage.

4. Findings

The findings section is divided into two parts (respectively, the results of step 1 and 2) after which these
two parts are integrated (step 3). The first part concerns the core activities of implementing CSR divided
among four phases. In table 1, the four sets of core tasks are shown alongside the individual core tasks.
These sets of core tasks are: I) Orientation, II) Reaching common ground, III) Performing pilot projects
and IV) Embedding results. Each set consists of three to six core tasks and each core task is described in
the table.

Set of core tasks Core tasks

I. Orientation 1. Sustainability thinking

2. Analysing systems

3. Identifying consumer needs




Willingness to change
Weighing stakeholders

Strategic decision making

II. Reaching common ground

Initiating changes
Building openness and trust

Sharing objectives

. Balancing interests

. Operational decision making

III. Performing pilot projects

. Collaborating

. Knowledge sharing and integration
. Project management

. Supply chain orientation

. Disseminating output

IV. Embedding results

. Creating project ownership / empowering internal change agents
. Integrating approaches

. Marketing

Table 1 Sets of core tasks and separate core tasks

The second part of the results consists of the competencies and accompanying labels. In step 2,

for each competence between 5 and 19 labels were identified. Appendix A shows the entire set of labels.

In table 2, the accompanied core tasks are shown per competence (i.e. systems thinking competence) if

the overlap between the labels representing competencies and the labels representing core tasks was

50% or more.

Competence

Core tasks (number of core task
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Systems thinking 2. Analysing systems (I) 12 12 100%
competence 15. Supply chain orientation (III) 12 12 100%
Foresighted thinking 3. Identifying consumer needs 10 2 20%
competence
Normative competence 1. Sustainability thinking 9 1 11%
Embracing diversity 4. Willingness to change (I) 7 4 57%
and interdisciplinarity 5. Weighing stakeholders (II) 7 7 100%
competence 10. Balancing of interests (II) 7 7 100%
13. Knowledge sharing and 7 5 71%
integrating (III)
8. Building openness and trust 7 7 100%
(I1I)
18. Integrating approaches (1V) 7 6 86%
Interpersonal 9. Sharing objectives (II) 8 7 88%
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competence 10. Balancing of interests (II) 8 6 75%
8. Building openness and trust 8 8 100%
(111)
17. Creating project 8 4 50%
ownership/empowering internal
change agents (IV)

Action competence 7. Initiating changes (1II) 5 100%
11. Operational decision making 5 4 80%
Im)

Strategic management 6. Strategic decision making (I) 19 9 51%

competence 14. Project management (III) 19 16 84%

Table 2 Percentage of overlap between the labels of competencies and the labels of core activities

Table 2 shows us that the labels of five competencies show sufficient overlap with labels of core tasks.
These competencies are: Systems thinking, Embracing diversity and interdisciplinarity, Interpersonal,
Action and Strategic management. The competencies Normative and Foresighted thinking are not linked
to core tasks during the analysis. Except for Action, all competencies are deemed necessary in more than
one or even more than two sets of core tasks. In the first set of core tasks (Orientation) three
competencies are identified as necessary: Systems thinking, Embracing diversity and interdisciplinarity,
and Strategic management. In set II (Reaching common ground), there are also three competencies that
are identified as necessary for performing the core tasks: Embracing diversity and interdisciplinarity,
Interpersonal, and Action. In set III (Performing pilot projects), there are even four competencies that
are considered necessary: Systems thinking, Embracing diversity and interdisciplinarity, Interpersonal,
and Strategic management. In set IV (Embedding results), two competencies are considered necessary:
Embracing diversity and interdisciplinarity, and Interpersonal. In all sets the Embracing diversity and
interdisciplinarity competence is viewed as vital to the core tasks of implementing CSR; table 3 provides
an overview. In this table the relationships between the competencies and the sets of core tasks is
shown. Where competencies were related to one or more of the core tasks in the sets of core tasks, a

mark was placed in the corresponding box.
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Systems thinking competence X X
Embracing diversity and interdisciplinarity competence X X X X
Interpersonal competence X
Action competence X
Strategic management competence X X

Table 3 Competencies underpinning sets of core tasks for realizing sustainability

Reading the content of table 3, it illustrates clearly that the this study does not identify the competencies
Normative and Foresighted thinking as necessary for the realisation of CSR and that Embracing diversity

and interdisciplinarity is the one that is needed in all sets of core tasks for the realisation of CSR.
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Furthermore, table 3 shows that when applying the 50% rule, the following core tasks are excluded for a
lack of overlap: sustainability thinking (only 11%), identifying consumer needs (only 20%), collaborating
(no overlap at all), disseminating output (no overlap at all) and marketing (no overlap at all). This does
not mean that those core tasks are unimportant; it just means that they do not relate to the
competencies as put forward by theory. This indicates that other competencies need to be identified,

because the current ones cannot be linked to these core tasks.

5. Discussion

Within the context of this research, the competencies Foresighted thinking and Normative were not
recognised in the CSR practices of the four CSR managers. This does not mean that these competencies
are totally unimportant; both Rieckmann (2012) and Hesselbarth and Schaltegger (2014) provide
empirical evidence for both competencies (or comparable constructs). The results of this study only
indicate that those competencies are not related to the core tasks of the four CSR managers under
analysis.

In other words, within the specific context of these CSR managers, Foresighted thinking does not
appear to be necessary anymore. This could lead to the interpretation that Foresighted thinking is only
necessary at the point in time when the decision to start working on sustainability is taken by the board
of directors, while for other people within the organisation (CSR managers in this case) it is not
necessary, from an organisational point of view, to think foresightedly. This possible explanation would
be consistent with what is depicted by Maon et al. (2008): each phase of CSR implementation (i.e.
sensitize, unfreeze, move and refreeze) demands different activities and qualities from managers and
organisations. Following this line of reasoning, Foresighted thinking could be relevant in the starting
(sensitize) phase and lose its importance in the other phases (unfreeze, move and refreeze) where the
analysed managers currently reside.

The Normative competence also went unrecognised in the specific setting of the analysed
managerial CSR practices. Sustainability is undeniably a normative concept, as it does not describe the
world as it is but as it should be. In the Normative competence, values, principles, goals and targets are
negotiated and it includes such broad concepts as integrity, equality and justice (Wiek et al., 2011). In
this respect, normative competence concerns itself with the way companies should operate. According to
this view on normative competence, a plausible interpretation of this result is that managers do not
recognise the Normative competence in their CSR practice because it has been internalized in their
behaviour. Another, yet still plausible, interpretation is that the apparent absence of normative
competence in the dataset may indicate structurally low levels of normative competence within the
selected business context. This, in turn, could explain some of the conflicts between companies and
NGOs with regards to value frames and trade-offs between ecological and economic interests (Peterson,
2009). In this respect, one could argue that these companies are not acting in an ethical fashion. This
could, for instance, be due to a strong focus on profit maximisation. In this respect, these findings could
be seen as confirmation of the classical view of the firm as non-ethical, or of the fact that these
competencies are not necessary (anymore) in the phase the participating companies find themselves in.

Action competence is only recognised in relation to the second set of core tasks (reaching
common ground). This could be seen as a surprising result because one would expect that the action
competence might be important while performing pilot projects (III) as well. Action competence,
however, means to actively involve oneself in responsible actions for the improvement of the
sustainability of social-ecological systems (De Haan, 2010; Ellis and Weekes, 2008; Mogensen and

Schnack, 2010). Because action competence (with labels such as: pro-activeness in decision making,
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taking responsibility, and perseverance of goals) concentrates on the personal involvement and personal
actions of a CSR manager (De Haan, 2010) and not on the activity of other members of the company
(e.g., line-managers, support staff). This may explain why action competence is in fact important for the
second set of core tasks, namely to reach common ground. This implies that CSR managers initiate
action and bring parties together when they deem it necessary.

Strategic management competence and Systems thinking competence are both identified as
important to the set of core tasks Orientation (I) and Performing pilot projects (III). This can be
explained by the fact that management in this first phase has to be performed mainly outside of the
company (i.e. with stakeholders) and be seen within the larger context. The third set of core tasks
concerns mainly internal (strategic) management. CSR managers’ systems thinking focuses mainly on
the product or process level. For example, systems - as described by Wiek et al. (2011) - are abstract by
nature, whereas in the practice of the CSR manager systems equate to products. Both competencies are
needed at two different levels which implies differing operationalisations of these competencies in
relation to the different sets of core tasks.

Furthermore, Interpersonal competence is considered important in the last two sets of core tasks
(performing pilot projects and embedding results). It turns out that convincing one’s company’s
employees and managers to participate in a pilot project is of vital importance. And the execution of that
core task depends heavily on the interpersonal competencies of CSR managers. After convincing the
employees and management, it is important that CSR managers keep sustainability on the agenda and
embed the results in daily practice. Interpersonal competencies turn out to be very important in this set
of core activities as well.

Finally, the results suggest that the Embracing diversity and interdisciplinarity competence is the
one that is identified as necessary for all sets of core tasks. It is relevant to all sets because the diversity
of stakeholders and their values and opinions are important while also being subject to change. So, it is
necessary to constantly review stakeholder opinions (internally and externally) and take those
considerations into account. Interdisciplinarity is also present in all sets of core tasks. CSR managers
have to cooperate with people representing different disciplines in each set of core tasks; with NGOs in
the first (Orientation) phase, for example, and in later stages with representatives of internal company
disciplines (in project teams with representatives from different departments, for example). In the
research by De Haan (2010) interdisciplinarity is merely considered in terms of topics (poverty or
economics) that have to be analysed and evaluated in the past and present. When operationalising this
competence in the context of CSR managers, it mainly comes down to working with people with a
different (disciplinary) background. CSR managers constantly work with groups of people from a wide
range of disciplines and the composition of these groups varies in accordance with different sets of tasks.
Rieckmann (2012) also confirms the significant importance of interdisciplinary work, empathy, and
change of perspective; although not as one of the three most important key competencies. This might be
explained by the different empirical bases (i.e. education and corporate) on which the conclusions were
drawn.

It is shown that each verified competence has its own role to play in a particular set of tasks.
The operationalisation of the same competence differs per set of core tasks, thus giving more in-depth
understanding of what CSR competencies encompass. This makes the competencies more meaningful,
comprehensible in practice and less exposed to ambiguous interpretations, which is beneficial for training
and assessment purposes like ESD (AdomBent et al., 2014).

Follow-up research would necessarily need to uncover which competencies are necessary to

underpin those core tasks that fell out of this study’s analysis. This concerns the core tasks:
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sustainability thinking, identifying consumer needs, collaborating, disseminating output, and marketing.
It should be possible, by means of interviews, to learn more about these core tasks and to identify the
competencies they desire. This overview of competencies underpinning core tasks for implementing
sustainability is therefore not complete yet. One would expect to find a competence like communicating
with stakeholders outside the own organisation (O'Riordan and Fairbrass, 2013).

What do the outcomes of this study mean for (future) CSR managers; how can they develop
these competencies? For them, it is important to receive feedback from other employees and reflect on
their practical experiences so as to learn together from dealing with and solving CSR challenges. In the
first place, the situational/contextual aspect is very important for learning (Billett, 1994), so general
approaches for teaching these competencies are less desirable. Secondly, it is extremely difficult to
approach the complexity of sustainability challenges in educational settings, although research shows
that higher education is making great strides towards implementing education for sustainable
development (Rieckmann, 2012; Wals, 2014; Lambrechts et al., 2013). Higher education will provide
students with a necessary and firm basis through the use of service learning, for example. It remains,
however, necessary to implement (learning) activities in (management) practice. Learning sustainability
or CSR is a continuous and collective (learning) process (cf. Blok, 2013) and those managers that are
already professionals will have to develop themselves in this area. The competencies required are too
complicated to develop “on the fly”. Managers need discussion and feedback, to really develop and
improve these competencies.

The research described in this article is an attempt to approach CSR competencies from a
situated conceptualisation of competence. The next step in research would be to actually test how the
competencies and core tasks relate to each other through a more quantitative approach, while the
relationships that this study revealed could be tested more broadly.

The research set-up and approach chosen in this study have their limitations; the first set of
limitations relates to the secondary data analysis. In the first place, although the conditions - as set by
Heaton (2002) - are met, the very nature of secondary data analysis leaves it particularly susceptible to
criticism and it would be most effective when combined with other approaches (Smith, 2008). In this
particular case, the data were gathered with another aim, consequently there was no chance to ask
further questions on the particular topic of this article and it remains unclear whether all information that
the subjects had to offer about the core tasks in relation to CSR was shared. Nevertheless, one can
consider this a useful exploration of introducing and applying a method for operationalising competencies
and for gauging what competencies are necessary for which CSR core tasks in management practice.
Secondly, the context in which the managers under analysis operate is highly specific since the four
managerial cases have key common characteristics. Thirdly, uncovering managers’ competencies
necessary for realising CSR is considered to be quite difficult (cf. Van Kleef and Roome, 2007); because
asking managers for these competencies mostly ends in every competence being deemed important.
Connecting the competence with core tasks and applying an indirect analysis prevents this problem.
Where it comes to the purpose of operationalising the competencies, the set-up of this research appears
to be sufficient and the results of this study should be seen as setting the research agenda. It is
important to test the operationalisation on a larger scale, though. In relation to this, the researchers feel
the choice to work with 50% overlap was justified. The purpose of this article, as mentioned before, was
to explore how competencies and core tasks relate to each other, and in the opinion of the researchers a
50% overlap is considered sufficient to demonstrate a relationship.

The second set of limitations relates to case studies. The most important shortcoming of a case

study method is the seeming lack of generalisability of the outcomes (Yin, 2009). This study incorporates
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four cases (i.e. CSR managers) and that is a relatively small number. The extent to which the results can
be generalised is to be considered limited. The results are especially valid for managers working in agri-
food companies that took the decision to effect CSR (and therefore already appointed CSR managers, for
example), and are in the phase of actually working on pilot projects to implement it (unfreeze stage;
Maon et al. 2009). Another pitfall of the case study approach is how to ensure the consistency in the
findings. To maximise robustness two measures were taken. In the first place, the interview data were
collected by means of semi-structured interviews, so they were comparable to a large extent. And
secondly, because multiple researchers independently coded the interview data and subsequently met
and came to a consensus on the emerging codes and categories, the reliability of the findings was
increased (Baxter and Jack, 2008).

Finally, the role of CSR managers was central to this study. But, as the core tasks already show,
the CSR managers are not the only persons involved in the implementation of CSR. The CSR managers
could be identified as the “change agents” of Hesselbarth and Schaltegger (2014), but these
professionals need to involve other employees within their organisations as well (in projects, for
example). They are the ones who have to bring about change and ensure that CSR is an ongoing (and
collective) learning process, which should eventually involve all company employees. In further research,
it remains to be seen to what extent other employees within organisations need competencies and how
these competencies are distributed among different groups of employees. Maybe it would be possible to
identify specific competencies for specific sets of CSR core tasks and groups of employees within

organisations. This would make the operationalisation of the competencies even more concrete.

6. Conclusions

To contribute to the theory and practice of CSR and competencies, two research questions guided this
study. The first research question of this paper was: 1) Which managerial CSR competencies identified in
the extant literature can be connected to CSR managers’ core tasks in CSR implementation? To answer
this question, an additional research question was raised, because competencies are more meaningful in
relation to the core tasks (situation) in which they are performed. 2) What core tasks of CSR
implementation can be identified for CSR managers operating in a business context?

Knowing that the results of research question 2 are conditional upon the results of research
question 1, the conclusion to research question 2 is presented first. In total, four sets of core tasks were
identified while analysing the transcripts of the interviews with CSR managers: I) orientation (6 core
tasks), II) reaching common ground (5 core tasks), III) performing pilot projects (5 core tasks) and IV)
embedding results (3 core tasks). These core tasks represent the daily tasks of CSR managers of
companies that have been working on CSR for some years. Related to the first research question, the
results suggest that the following competencies are to be recognised in relation to the sets of core tasks:
Systems thinking, Embracing diversity and interdisciplinarity, Interpersonal competence, Action
competence and Strategic management. These competencies all have a link with one or more sets of
core tasks. Linking competencies with core tasks contextualises CSR competencies in CSR management
practices and provides empirical evidence of the theoretically identified competencies.

The aim of this article was to explore which competencies would relate to CSR core tasks as
identified in CSR managerial practice. This contributes to the literature by refining the existing CSR
competencies theory with an empirical method that identifies the core tasks for CSR implementation
while finding its basis in managerial practice. Future research at the individual level could benefit from
applying this method to identify sets of relevant competencies and core tasks in different and broader

contexts. Furthermore, the list of competencies in relation to core tasks has practical advantages for both
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corporate and educational practices. Connecting the competencies to core tasks makes these
competencies more meaningful and opens up possibilities of operationalising these competencies. For
both the educational context (development and assessment) and the management context (especially

development) this gives concrete input for learning trajectories (i.e. service learning, peer feedback).
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Appendix A Competencies and accompanying labels

Competence

Labels

Systems thinking
(12 labels)

=

© ® N Uk WwN

= =
N = O

Analysing sub systems

Analysing systems

Cascading effects

Causing effect relations

Reflecting on elements of interdependency
Identifying sub-systems

Identifying scale

Understanding aspects of interdependency

Identifying systems

. Feedback loops
. Understanding scale effects

. Overview of motives

Foresighted thinking
(10 labels)

e ® N U h DN H

—
o

Crafting pictures of the future

Assessing effects on intergenerational equity
Balancing local\global

Opportunities recognition

Balancing long-term\short-term

Innovation

Collectively evaluating pictures of the future
Assessing unintended harmful consequences

Collectively analysing pictures of the future

. Creativity

Normative competence
(9 labels)

Ethics

Equity

Inter and intra generational equity
Principles

Accountable for decision-making
Values

Sustainability values

Justice

Socio-ecological integrity

Embracing diversity and
Interdisciplinary
(7 labels)

Structure relations

Facilitating dialogue

Stimulating exchange of ideas
Proactivity in information exchange

Openness to other viewpoints

Recognition of legitimacy of different viewpoints

Involving stakeholders

Interpersonal
competence
(8 labels)

PN HNOOOU R WDNEEL NV R WM

Enabling collaboration
Communicating
Facilitating collaboration

Empathy
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Ability to motivate collaboration
Collaborating
Compassion

Negotiating

Action competence
(5 labels)

Proactive in decision making
Taking responsibility
Perseverance of goals
Decision initiative

Active involvement

Strategic management
(19 labels)
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Evaluation of policies
Controlling

Collectively design interventions
Leading

Planning skills

Taking action

Inspiring

Organize

Implementing strategies

. Measuring performance

. Collectively implementing interventions
. Evaluation

. Arranging tasks

. Motivating

. Arranging resources

. Arranging people

. Designing transitions

. Evaluation of programs

. Evaluation of action plans
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