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Summary of findings 

In the past decades, researchers have characterized the processes seen both in aging and stress as a wear 

and tear of the body. It is increasingly suggested that psychological and biological stress might be linked 

with the aging process. While these factors cannot accelerate actual chronological aging, they might play 

an important role in cellular aging.  

The main aim of this thesis was to examine: the link between A) cellular aging and biological 

stress, and B) cellular aging and psychological stress, including the potential mediators that underlie this 

association. Biological stress factors consisted of three physiological stress systems (i.e. inflammation, 

hypothalamus-pituitary adrenal (HPA)-axis and autonomic nervous system (ANS)) and dysregulations of 

the metabolic syndrome (MetS) components. Using data from the Netherlands Study of Depression and 

Anxiety (NESDA), we first tested the associations between these biological stress factors and telomere 

length (TL), the main cellular aging marker investigated in the present thesis. Within the Coronary Artery 

Risk Development in Young Adults Study (CARDIA), we extended these analyses to investigate the 

associations between metabolic dysregulations and an alternative cellular aging marker, mitochondrial 

DNA copy number (mtDNAcn). Consequently, we assessed the link between TL and psychiatric disorders, 

namely major depressive disorder (MDD) and anxiety disorders. Then we tested potential mediating 

mechanisms between psychopathology and short TL, such as lifestyle and biological stress. To conclude, 

we systematically investigated which psychological or biological stress factors are the main drivers of 

cellular aging.  

The current chapter will summarize and discuss the findings of the Chapters 2-9, and present 

them in a broader context of the existing literature. Furthermore, this chapter will comment on some of 

the methodological considerations relevant for this thesis, give recommendations for future research and 

clinical practice, and finish with the general conclusions. In this thesis, we conducted cross-sectional 

analyses in order to determine the associations between cellular aging and biological and psychological 

stress, and extended these findings with longitudinal analyses to explore the changes over time.  

In Chapter 2, we tested the cross-sectional associations between TL and three major 

physiological stress systems: the inflammatory system, HPA-axis and ANS. We hypothesized that a 

dysregulated physiological response commonly activated during chronic stress could be associated with 

cellular aging. For this purpose, we used data from the NESDA study (N=2981). First, we looked at the 

separate physiological stress markers, and found that higher levels of the inflammatory markers CRP and 

IL-6, higher cortisol awakening response (AUCi) and higher HR were associated with short TL. Next, we 

found that there was a dose-response relationship between cumulative dysregulations of these four stress 

markers and shorter TL. This supports the concept that a dysregulated physiological stress response, 

thought to be present during chronic stress, accompanies the cellular aging process. 

In Chapter 3, using NESDA data again, we first tested the cross-sectional associations between 

metabolic dysregulations and TL, and found significant associations between short TL and the presence of 

MetS, as well as the separate components: abdominal obesity, dyslipidaemia (high triglycerides and low 

HDL cholesterol), and hyperglycaemia. Again, we found a dose-response relationship between a high 

number of metabolic dysregulations and short TL. Next, we investigated the longitudinal link between 

MetS and TL. We started by looking at the effects of baseline TL on MetS components over a 2-year and 6-

year follow-up, and found that shorter baseline TL was still associated with unfavourable metabolic 

profiles (i.e. abdominal obesity, dyslipidaemia and hyperglycaemia) at follow-up.  

Vice versa, in Chapter 4 we looked whether baseline MetS components predicted telomere 

attrition over six years of time, and saw consistent patterns: unfavourable metabolic profiles at baseline 

consistently predicted shorter TL, although the strength of this effect was decreasing over time. In 

addition, we explored whether 6-year changes in MetS run parallel with 6-year changes in TL. We 

observed a significant link between increased waist circumference and more telomere attrition over 6-

year of time, and - although non-significant - pointing in the same direction for increasing triglycerides 
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and glucose levels. There seems to be a bidirectional link between metabolic dysregulations and cellular 

aging that is mainly driven by the abdominal fat component of MetS.  

In Chapter 5, we extended these analyses to the CARDIA study (N=989) by looking at the cross-

sectional and longitudinal associations between MetS and two cellular aging markers, TL and mtDNAcn, 

over a 10-year follow-up period. MtDNAcn and TL both decreased over time and were positively, although 

weakly, correlated. Higher triglyceride levels were consistently associated with lower mtDNAcn, and only 

lower HDL cholesterol was associated with short TL. When looking at the longitudinal relationships, we 

found that larger baseline waist circumference, glucose, number of metabolic dysregulations and the 

presence of MetS predicted larger 10-year decrease in mtDNAcn, but none of these markers were 

significantly associated with the 10-year telomere attrition. Vice versa, baseline cellular aging markers did 

not predict 10-year metabolic deteriorations. Last, in order to investigate the parallel changes over the 10-

year follow-up, an increase in waist circumference was associated with 10-year telomere attrition, in line 

with earlier NESDA findings. 

Next, we examined the cross-sectional associations between TL and MDD and anxiety disorders. 

Patients with MDD and anxiety disorders have an increased onset risk of aging-related somatic diseases, 

and cellular aging could be an explanatory mechanism. Current and remitted MDD patients had 

significantly shorter TL compared to healthy controls (Chapter 6). Furthermore, we demonstrated that 

depressed patients had shorter TL according to a “dose-response” gradient: those with the most severe 

and chronic MDD showed the shortest TL.  

Patients with current diagnoses of anxiety disorders (i.e. diagnosed with panic disorders with 

agoraphobia, social phobia or generalized anxiety disorder) also had significantly shorter TL compared to 

healthy controls (Chapter 7). Patients with a remitted diagnosis did not differ from controls, although the 

time since remission was positively related with TL. We now found a dose-response relationship between 

TL and severity of anxious symptoms, but not with disease duration. Cellular aging was not affected by 

antidepressant medication use or benzodiazepines. 

Then, in Chapter 8, we tested whether the associations between depressive and anxiety disorders 

and short TL might be explained by physiological stress systems, metabolic dysregulations or lifestyle 

factors, which are often shown to be deteriorated in these patients. With mediation modelling, using the 

baseline sample of the NESDA study, we found that high C-reactive protein, interleukin-6, waist 

circumference, triglycerides, low HDL cholesterol and more cigarette smoking were significant mediators 

of the link between psychiatric disorders and short TL, and reduced the association between 

psychopathology and TL with approximately 35%. This means that part of the association runs indirectly 

through increased inflammation, abdominal obesity and dyslipidemia and smoking, although there is still 

a considerable direct association present that is not explained by biological stress factors. 

To conclude, in Chapter 9 we systematically investigated psychological and biological stress factors as 

predictors of baseline TL and 6-year telomere attrition, in order to shed light on the main drivers of 

cellular aging. Cross-sectionally, short baseline TL was associated with older age, male sex, non-European 

ancestry, cigarette smoking, recent life events, and higher triglycerides and glucose, and longer pre-

ejection period. This wide variety of determinant factors altogether explained 11% of the variance in TL. 

Longitudinally, 6-year telomere attrition was strongly associated with baseline TL: subjects with long TL 

at baseline had higher chance of attrition as compared to subjects with short TL. Baseline TL explained 

52% of the variance in telomere attrition, whereas few other added factors, such as older age, long sleep, 

multiple childhood traumas and gastrointestinal disease explained an additional 4% of this variance.  
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Table 1. Summary of findings from this thesis of the associations between biological and psychological stress and telomere 

length (TL, single measurement) and telomere attrition (repeated measurement). 

 Telomere length Telomere attrition 

BIOLOGICAL STRESS 

Physiological stress systems 

 Inflammation 

  C-reactive protein + +/- 

  Interleukin-6 + - 

  Tumor necrosis factor-α +/- - 

 Hypothalamus-pituitary-adrenal-axis 

  Area under the curve with respect to the ground - - 

  Area under the curve with respect to the increase +/- - 

  Evening cortisol - - 

  Dexamethasone suppression test - - 

 Autonomic nervous system 

  Heart rate +/- - 

  Respiratory sinus arrhythmia - - 

  Pre-ejection period + - 

Metabolic dysregulations 

 Separate MetS components +/- - 

  Waist circumference + +/- 

  Triglycerides + - 

  High-density lipoprotein cholesterol + - 

  Systolic blood pressure - - 

  Fasting glucose + - 

 Number of metabolic dysregulations +/- - 

 Metabolic syndrome +/- NA 

Metabolic deterioration over time 

 Separate MetS components 

  Waist circumference ↑ +/- + 

  Triglycerides ↑ - +/- 

  High-density lipoprotein cholesterol ↓ + - 

  Systolic blood pressure ↑ - - 

  Fasting glucose ↑ + +/- 

 Number of metabolic dysregulations ↑ + - 

PSYCHOLOGICAL STRESS 

 Psychiatric disorders 

  Major depressive disorder + - 

  Anxiety disorders + - 

 Other psychological stress factors 

  Childhood trauma - + 

  Recent life events + - 

  Marriage or partner status - + 

  Income adequacy - - 

  Social network size - +/- 

Footnotes: + Confirmed associations; +/- Inconsistent findings; - No associations confirmed; NA not measured. 
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Table 1 presents a summary of the described associations between biological and psychological stress 

factors and cellular aging: either a one-time TL measurement or telomere attrition between repeated 

measurements. This table indicates that associations were either confirmed (+), inconsistent (+/-) or not 

confirmed (-) within this thesis. Cross-sectional associations with TL were confirmed for various 

inflammatory mediators, HPA-axis function measures, ANS markers, metabolic dysregulations, and 

psychological stress factors. Longitudinal associations with change in TL over six years were confirmed 

for baseline TL, some psychological stress factors: childhood trauma, marriage or partner status, and 

social network size at baseline predicted telomere attrition, as well as baseline abdominal obesity. 

Moreover, an increase in waist circumference was found to parallel telomere attrition over time, and we 

found some evidence that increases in triglycerides and glucose might go along with accelerated cellular 

aging too. 

General conclusions 

The results of this thesis indicated that there is a link between cellular aging and proposed chronic stress-

related factors, such as psychological stress factors, physiological stress systems, metabolic dysregulations 

and poor lifestyle. Short TL was found to be associated with cigarette smoking, inflammatory markers, a 

hyperactive HPA-axis, ANS imbalances, increased abdominal obesity, dyslipidaemia and hyperglycaemia. 

Furthermore, short TL was found in patients diagnosed with depressive and anxiety disorders, showing a 

dose-response relationship between cellular aging and the severity or chronicity of these psychiatric 

disorders. The associations between depression and anxiety disorders and TL were partly explained by 

the presence of elevated inflammation, abdominal obesity, dyslipidaemia and cigarette smoking. Although 

TL is found to be a valid cellular aging marker that reflects multiple dysregulations in the body, it is under 

strong homeostatic control as illustrated by the large impact of baseline TL on subsequent TL attrition. As 

we only found a few stress-related factors to be associated with TL attrition over time, changing TL over a 

longer term through intervention may not be an easy task.  Future researchers should critically evaluate 

the effectiveness of interventions programs that aim to improve smoking behaviour, body composition 

and to reduce stress over the longer term. The results presented in this thesis contribute significantly to 

the reappraisal of the close link between somatic and mental health, providing directions for future 

research, and extending the knowledge about the biological processes of cellular aging. 


