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GENERAL INTRODUCTION AND OUTLINE OF THE THESIS

GENERAL INTRODUCTION

Advances in medicine have reduced infant mortality and cardiovascular deaths at
middle age resulting in marked demographic changes. Consequently, worldwide, life
expectancy and the proportion of elderly in the population are rising(1). Therefore, it
is of critical importance to study genetic and environmental factors and biological
mechanisms that allow people to remain healthy and active into their eighties, nineties
and above and learn from them how to extend health span.

Switchbox study

This thesis is part of the European project Switchbox, coordinated by Professor
Barbara Demeneix from the Centre National de la Recherché Scientifique Paris,
France, where six partners from five different countries hypothesized that health in
old age is maintained by better homeostasis. As described in 1865 by the French
physiologist Claude Bernard, homeostasis is the ability to dynamically adapt to
environmental challenges so that internal conditions remain within certain limits and
originates from the Greek words “Spolog” meaning “similar” and “otaolg” meaning
“standing still”(2).

Brain-periphery communication
A good communication between brain and periphery is of critical importance to maintain
homeostasis of vital parameters including body temperature, blood pressure, heart
rate, and key metabolites, such as glucose. Homeostasis also includes the ability to
dynamically adapt vital parameters according to changing internal needs such as
those dictated by the sleep-wake rhythm and by changes in the environment,
including perceived stress. Two main systems are important for maintenance of
homeostasis 1) the nervous system which communicates in electric signals via neurons
and 2) hormones which communicate in chemical signals. A master controller of
these processes that plays a key role in homeostasis is the hypothalamus (Fig. 1).
The hypothalamus receives signals from different brain regions and the periphery
and translates these into neuronal and hormonal output signals and thus modulates
many different physiological and behavioral processes. The hypothalamus plays an
important role in the control of metabolism and of stress responses, two essential
systems that are mostly affected during ageing(3). A key regulator of the maintenance
of energy homeostasis is the hypothalamic-pituitary-thyroid (HPT)-axis while the stress
response is regulated by the hypothalamic-pituitary-adrenal (HPA)-axis (Fig. 1).
Most studies in the field of geriatric medicine focus on diseased subjects or
ageing subjects. Only a limited number of studies investigate subjects who have the
propensity to reach old age in good health, to disentangle mechanisms that lead to
healthy human longevity. Therefore, in this thesis we included offspring from long-lived
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GENERAL INTRODUCTION AND OUTLINE OF THE THESIS

siblings, who have the propensity to reach old age in good health together with
partners thereof from the Leiden Longevity study (LLS)(4). The focus of this thesis will
be on analysis of the HPT-axis and HPA-axis in participants who have the propensity
to reach old age in good health compared to age-matched controls. In humans, we
are able to assess the ‘function’ of the HPT- and HPA- axes by measuring the key
hormones involved as well as physiological parameters that are affected by these
systems (heart rate, metabolism) under different conditions.

Hormones and ageing

The hypothalamic-pituitary-thyroid axis (HPT)-axis is of critical importance during the
whole life cycle, and affects key processes, including tissue development, energy
metabolism and homeostasis. There is inconsistency in the reporting of changes that
occur during ageing in the HPT-axis. Most studies suggest increased levels of thyroid
stimulating hormone (TSH)(3, 5-7), while others report no change(8) or lower levels of
TSH(9) during ageing. Moreover, with ageing lower levels of fT3, but not fT4 were
found(9). In elderly aged 85 years or over, high levels of thyroid stimulating hormone
(TSH) have been associated with lower mortality(10), which was confirmed in the
subgroup that survived to age ninety(3).

The hypothalamic-pituitary-adrenal (HPA)-axis is an important allostatic system
and is of critical importance for survival(11, 12). Various strains of rodents, but not all,
were found to exhibit elevated levels of ACTH and/or corticosterone during ageing
under resting conditions(13). In humans, aged women tended to have increased
morning acrophase under resting conditions(14). A dampened amplitude and an
advanced timing of the circadian elevation was found in both men and women during
ageing(14). As was found in different strains of aged rodents(13), aged humans may
react stronger(15-18) and have a prolonged cortisol response after (psychological)
stress(19, 20). This may be associated with impairments in physical and cognitive
function, and with adverse metabolic features, such as visceral adiposity, insulin
resistance, low high density lipoprotein levels, high blood pressure and increased
triglyceride levels(12, 21), all characteristics of an ageing population.

Hormones and longevity

In model organisms and animal models it was found that thyroid hormones (TH) may
influence the rate of ageing(3). The maximum lifespan of small mammals such as
mice, guinea pigs, Damara mole rats and naked mole rats are negatively correlated
with levels of T4(22). Moreover, in different mice strains low T4 signaling in young
adults and limited changes of T4 during lifespan were associated with extended life
span in male mice(3). Other examples are the Ames dwarf mice, which have a
mutation in the Pit-1 gene and the Snell dwarf mice, which have a mutation in the
Prop-1 gene, both of which affect the development of the anterior pituitary. These
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CHAPTER 1

mice have a reduced activity of the somatotrophic-, lactotrophic- and thyroid-axes
due to a combined lack of growth hormone (GH), thyroid stimulating hormone (TSH)
and prolactin (PRL). Although these animals are small and have a reduced fertility,
under laboratory condition these mice have an increased life span of at least 40%
up to 70% compared to wild type mice(23). These endocrine deficits have also effects
on their metabolism, resulting in lower core body temperature(24) and higher basal
metabolic rate at standard animal room temperature due to the increased energy
demands for thermoregulation(25). When Snell dwarf mice were treated for a long
time with thyroxine (T4), which is also reduced in these animals, it reduces their life
span, meaning that lifelong low thyroid hormone levels may contribute to the longevity
phenotype in at least dwarf mice(26).

Also in humans, associations have been observed between thyroid hormone
regulation and longevity. Families with the lowest mortality history score, displaying
the lowest mortality, had the highest levels of TSH and lowest levels of free thyroxin
(fT4) and free triiodothyronine (fT3)(27). In another cohort study, Ashkenazi Jewish
centenarians also displayed higher TSH levels as did their offspring when compared
to matched controls(28).

The HPA-axis is a critical component of the body’s response to stressful
conditions, including both physiological and psychological stressors. The many day
to day responses to chronic and acute stress, including the ‘fight or flight’ reaction,
result in cumulative load on the body’s stress responsive physiological systems, such
as the cardiovascular and glucose regulatory systems (allostatic load) which can
have severe long term health consequences(12). Changes in HPA-axis are associated
with different adverse conditions, including hypertension, impaired cognitive function
and adverse metabolic features. In rats, genetic differences in HPA-axis activity and
reactivity have been associated with differences in lifespan. Brown Norway rats which
display distinct differences in HPA-axis activity and reactivity, including faster recovery
after restraint stress, have extended lifespan(29), while Wistar Kyoto rats are characterized
by shorter lifespan and hyper-reactivity to stressors(30). No human data was available
on HPA-axis reactivity under resting conditions or stress conditions in relation with
longevity.

The aim of this thesis was threefold. In the first part, we describe the Switchbox
Leiden design and data collection, and method used for 24 hour blood sampling. In
the second part, we characterized the HPT-axis, and in the third part the HPA-axis, in
relation with familial longevity.
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OUTLINE OF THE THESIS

In Part I: Switchbox Leiden: study design and data collection, chapter two is an
overview of the Switchbox study and the data collection procedure. In chapter three
we customize 24 h blood sampling protocols for the application in aged study
participants.

In Part II: Hypothalamic-pituitary-thyroid axis and longevity, we use in chapter
four frequent blood sampling over 24 hours to study TSH secretion and TH levels. We
investigate whether differences in TSH and/or TH concur with differences in energy
metabolism. In chapter five we characterize the HPT-axis in more detail and investigate
if changes in ultradian rhythmicity of TSH could be an underlying mechanism of
the changes in HPT-axis function. Moreover, we investigate if changes in circadian
rhythmicity of TSH contribute to the longevity phenotype.

In Part 1ll: Hypothalamic-pituitary-adrenal axis and longevity, we collect in
330 offspring and partners from the LLS, saliva samples in a home based setting to
study in chapter six if saliva cortisol levels in the morning and evening were different
between offspring and partners. In chapter seven we investigate in 38 offspring and
partners of the LLS the HPA-axis in more detail by analysis of the HPA-axis dynamics
over a 24-hour period. And in chapter eight we challenge the HPA-axis to investigate if
offspring compared to partners have a different physiological response to psychological
stress.

In chapter nine we place our findings in perspective and discuss the importance
of challenge experiments in physiological research and give indications for future
research.
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