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The goal of scientific research is to describe, predict, and explain observed
events. Furthermore, scientific research wants to apply the generated knowledge
to the society. This paragraph reflects about the scientific impact of the results of
this dissertation and the expected impact on the society.
Aim and key findings
Depression is a common mental health problem. Currently, up to 350 million
individuals world-wide suffer from depression and this number continues to
increase 1. Individuals with late-life depression (LLD; in this dissertation defined
as depression above the age of 40 years) have an increased risk for other mental
and physical diseases, including cognitive impairment 2-4. However, the
mechanisms underlying LLD are still unclear despite decades of research. The
aim of this dissertation was to investigate vascular and metabolic mechanisms
which may be important in the development and prognosis of LLD. In addition,
we investigated whether the association between LLD and cognitive functioning
could be explained by brain damage.
We found that damage of the small blood vessels, measured in the brain and
eye, and with blood biomarkers, is involved in the development of LLD. Results
also suggested that damage of the small blood vessels in the brain is associated
with the persistence of LLD. No relation between shrinkage of the brain and the
development or persistence of LLD was found. Although findings support an
association between LLD and cognitive functioning, this relation could not be
explained by brain damage. Furthermore, this dissertation provides evidence for
the contribution of high blood sugar level to the development of LLD. Based on a
large literature study, in which results of previous studies were systematically
reviewed and analysed, we found that this association exists in both directions;
presence of depression is also related to the development of high blood sugar
levels.
Relevance
The knowledge gained from this dissertation is of high relevance. Results of this
dissertation support the vascular depression hypothesis, which assumes that
damage of the small blood vessels in the brain contributes to the development
and persistence of LLD 5. The small blood vessels play an important role in the
supply of oxygen and nutrients to body tissue and the removal of waste products
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out of body tissue. Damage of the small blood vessels may lead to disturbances
of these processes, especially in organs which are highly dependent of a good
blood supply like the brain. In addition, damage of the small blood vessels in the
brain is likely to be irreversible, which may provide a good explanation for the
worse response to depression treatment among elderly 6,7. Therefore, our results
may lead to new prevention and treatment targets for LLD. In addition, results of
this dissertation are relevant for individuals with LLD and type 2 diabetes. The
existence of an association between high blood sugar levels and depression in
both directions provides support for a collaborative treatment of LLD in diabetes
care.
Target groups
The results of this dissertation are of relevance for various target groups. First,
the results of this dissertation raise several new research questions. These
research questions could directly be implemented in new studies. Second, health
care providers may benefit from the increased insight in the mechanisms
underlying LLD. Damage of the small blood vessels and high blood sugar levels
may identify patients at risk for LLD. Based on the patient’s health profile,
modifiable risk factors associated with these factors as obesity, high blood
pressure, high blood sugar levels, high levels of cholesterol, smoking, diet, and
physical activity, could be identified. Personalized treatment aimed to improve
these modifiable risk factors may contribute to the functioning of the small blood
vessels and the optimisation of blood sugar levels, and may consequently
prevent LLD. In addition, early treatment of LLD in these patients may prevent
treatment non-adherence, development of complications, and mortality 8-10.
Third, policy makers might use the results of this dissertation to improve clinical
guidelines. Although guidelines in vascular and diabetes care recommend
screening for depression 11-14, the implementation of these guidelines can be
improved. Fourth, results of this dissertation might benefit the general public.
Depression has an increasing high societal 15 and economic 16 impact on the
society. In late-life, depression is often persistent 17,18 and half of the elderly have
a poor response to depression treatment 6,7. Support for the vascular depression
hypothesis and the existence of a bidirectional association between high blood
sugar levels and LLD may provide new prevention and treatment strategies.
Activities
Researchers and health care providers could be involved and informed about the
results of this dissertation via scientific publications and scientific conferences.

240

Impact paragraph

Findings of this dissertation are published in peer-reviewed scientific journals, in
which the quality of the study is evaluated by experts in the field. Furthermore,
results are presented and discussed on national and international conference of
several disciplines.
Policy makers could be involved and informed via expert groups that contribute
to the development of policies. For instance, chapter 6 is the result of a
collaboration of experts in the field of depression in diabetes, the European
Depression in Diabetes (EDID) Research Consortium. The EDID Research
Consortium identifies and implements research activities required to explore and
resolve issues in the assessment, treatment and management of depression in
diabetes, to help optimise clinical outcomes for patients and quality of life. As a
result, consensus is made on important topics amongst leading psychologists,
diabetologists, and other health care providers associated with the treatment of
diabetes patients.
The general public might be informed via several activities. The Maastricht Study
actively participates in the translation of research results to participants. Results
of this dissertation are shared on the website and presented during the annual
conference of The Maastricht Study, which is organized for participants and freely
accessible. Furthermore, results of this dissertation can be shared with the
general public via several media channels, as the television, radio, internet, and
information leaflets. Moreover, key findings of this dissertation have been
published in several regional newspapers as De Limburger and 1Limburg, and
are reported on the regional news RTV Maastricht.
Conclusion
The results of this dissertation support the concept that damage of the small
blood vessels and high blood sugar levels are involved in the development of
LLD. Improved insight in the mechanisms underlying LLD is important for the
development of new prevention and treatment strategies focused on the small
blood vessels in the brain. In addition, optimization of blood sugar levels and
collaborative treatment of LLD in diabetes care is recommended.

241

8

Chapter 8

References

8

1.
2.
3.

4.

5.
6.
7.

8.
9.

10.

11.

12.

13.

14.

15.
16.

17.

242

Organization WH. Depression and other common mental disorders: global health
estimates. 2017.
Blazer DG. Depression in late life: review and commentary. The Journals of Gerontology.
2003;58(3):249-265.
Laborde‐Lahoz P, El‐Gabalawy R, Kinley J, Kirwin PD, Sareen J, Pietrzak RH.
Subsyndromal depression among older adults in the USA: Prevalence, comorbidity, and
risk for new‐onset psychiatric disorders in late life. Int J Geriatr Psychiatry.
2015;30(7):677-685.
Diniz BS, Butters MA, Albert SM, Dew MA, Reynolds CF. Late-life depression and risk of
vascular dementia and Alzheimer’s disease: systematic review and meta-analysis of
community-based cohort studies. Br J Psychiatry. 2013;202(5):329-335.
Alexopoulos GS, Meyers BS, Young RC, Campbell S, Silbersweig D, Charlson M.
'Vascular depression'hypothesis. Arch Gen Psychiatry. 1997;54(10):915-922.
Lenze EJ, Sheffrin M, Driscoll HC, et al. Incomplete response in late-life depression:
getting to remission. Dialogues Clin Neurosci. 2008;10(4):419-430.
Paroni G, Seripa D, Fontana A, et al. Klotho Gene and Selective Serotonin Reuptake
Inhibitors: Response to Treatment in Late-Life Major Depressive Disorder. Mol Neurobiol.
2017;54(2):1340-1351.
Scott KM. Prevention of CVD in Depression. In: Cardiovascular Diseases and
Depression. Springer; 2016:509-517.
van Dooren FE, Nefs G, Schram MT, Verhey FR, Denollet J, Pouwer F. Depression and
risk of mortality in people with diabetes mellitus: a systematic review and meta-analysis.
PLoS ONE. 2013;8(3):e57058.
Pouwer F, Nefs G, Nouwen A. Adverse effects of depression on glycemic control and
health outcomes in people with diabetes: a review. Endocrinol Metab Clin North Am.
2013;42(3):529-544.
Young-Hyman D, De Groot M, Hill-Briggs F, Gonzalez JS, Hood K, Peyrot M.
Psychosocial care for people with diabetes: a position statement of the American
Diabetes Association. Diabetes Care. 2016;39(12):2126-2140.
Perk J, De Backer G, Gohlke H, et al. European Guidelines on cardiovascular disease
prevention in clinical practice (version 2012): The Fifth Joint Task Force of the European
Society of Cardiology and Other Societies on Cardiovascular Disease Prevention in
Clinical Practice (constituted by representatives of nine societies and by invited
experts)Developed with the special contribution of the European Association for
Cardiovascular Prevention &amp; Rehabilitation (EACPR)†. Eur Heart J.
2012;33(13):1635-1701.
McMurray JJ, Adamopoulos S, Anker SD, et al. ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure 2012: The Task Force for the Diagnosis and
Treatment of Acute and Chronic Heart Failure 2012 of the European Society of
Cardiology. Developed in collaboration with the Heart Failure Association (HFA) of the
ESC. Eur Heart J. 2012;33(14):1787-1847.
Lichtman JH, Bigger Jr JT, Blumenthal JA, et al. Depression and coronary heart disease:
recommendations for screening, referral, and treatment: a science advisory from the
American Heart Association Prevention Committee of the Council on Cardiovascular
Nursing, Council on Clinical Cardiology, Council on Epidemiology and Prevention, and
Interdisciplinary Council on Quality of Care and Outcomes Research: endorsed by the
American Psychiatric Association. Circulation. 2008;118(17):1768-1775.
Lépine J-P, Briley M. The increasing burden of depression. Neuropsychiatric disease and
treatment. 2011;7(Suppl 1):3.
David A. Mrazek, M.D. ,, John C. Hornberger, M.D., M.S. ,, C. Anthony Altar, Ph.D. , and,
Irina Degtiar, B.A., B.S. A Review of the Clinical, Economic, and Societal Burden of
Treatment-Resistant Depression: 1996–2013. Psychiatr Serv. 2014;65(8):977-987.
Schaakxs R, Comijs HC, Lamers F, Kok RM, Beekman ATF, Penninx
BWJHDoOAPPPItHN. Associations between age and the course of major depressive
disorder: a 2-year longitudinal cohort study. The Lancet Psychiatry. 2018;5(7):581-590.

Impact paragraph

18.

Haigh EAP, Bogucki OE, Sigmon ST, Blazer DG. Depression Among Older Adults: A 20Year Update on Five Common Myths and Misconceptions. Am J Geriatr Psychiatry.
2018;26(1):107-122.

243

8

