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Discussion

Anemia is very common in older individuals. The prevalence of anemia rises with
age to >20% in individuals aged 85 years and over."” Increasingly, data become
available that question the extrapolation of ‘common’ medical knowledge into the
highest age groups. Since most studies on anemia have been performed in older
persons aged 65 years and over and in selected patient groups only, the impact and
etiology of anemia in very old individuals in the general population is largely
unknown. Therefore, the aim of this thesis was to study the impact and etiology of
anemia in the oldest old, in order to support the development of evidence-based
diagnostic and treatment recommendations for anemia in old age. This chapter
summarizes the main results presented in this thesis, discusses implications for
clinical practice and includes recommendations for further research.

THE IMPACT OF ANEMIA

Risk marker or risk factor?

In our study population, anemia was associated with an increased mortality risk
and functional decline (Chapter 2). Many other observational studies in older adults
have also documented associations between anemia and a number of adverse
outcomes.'”” Although these associations have been recognized for years, it has
been questioned whether anemia is an independent cause of disability and death
(risk factor) or is merely a marker of underlying disease (risk marker).” "

For clinical decision making, it is important to know whether these associations are
truly causal. If they are, then it may be possible to decrease the risk of adverse
outcomes in older individuals through prevention and correction of anemia.
However, if these associations are not causal, increasing hemoglobin levels per se
would not offer an opportunity for prevention of adverse outcomes such as frailty,
disability, cognitive impairment, or early death in older anemic individuals, but
could still be useful for prognostic purposes as it may identify those at high risk of
a poor outcome. 14

To determine whether anemia is causally related to these negative outcomes, we
may use the 9 criteria presented by Sir Austin Bradford Hill."> Observed
associations may pass to a verdict of causation when the following criteria are
fulfilled: (1) strength, (2) consistency, (3) specificity, (4) temporality, (5) biological
gradient, (6) plausibility, (7) coherence, (8) experiment, and (9) analogy."

In the past years, many studies have shown strong dose-dependent associations
between anemia, functional decline and death,'” thereby fulfilling Bradford Hill’s
criteria for strength, temporality and biological gradient. With regard to
plausibility, it does not strike odd to suggest that anemia causally contributes to
adverse outcomes by interfering with the oxygen delivery to the brain, heart and
muscles.' '
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Chapter 9

Because chronic disease is a classic confounder in the association between anemia
and functional decline or mortality, we applied rigorous statistical methods in
Chapter 2 to adjust for the presence of known and unknown disease. Nonetheless,
definite conclusions about the true effect of anemia on functional decline and
mortality, even after adjustment for comorbidity, are hampered by two
methodological issues: 1) there may be residual confounding by the presence of
(subclinical) disease, resulting in an overestimation of the true effect of anemia on
adverse outcomes, 2) anemia is an intermediary step in the causal pathway from
chronic disease to functional decline and mortality.'® Therefore, difficulties with
causality arise with criterium 2 on consistency and criterium 3 on specificity.

By adjusting for chronic disease we adjusted for a factor in the causal pathway that
may have led to an underestimation of the true association between anemia and
functional status and mortality. One way to solve these particular issues would
have been to restrict the analyses to those without disease as this is the category of
persons that was most likely not to have residual confounding by disease.'” Maraldi
and colleagues performed a cross-sectional analysis of the baseline data of the
Italian Group of Pharmacoepidemiology in the Elderly Study. The study consisted
of 10,903 patients aged 65 years and over, admitted to the participating hospitals
between 1993 and 1998. In analyses stratified by comorbidity severity, the
association between anemia and disability was statistically significant only in
patients with the lowest comorbidity levels." Unfortunately, this restriction was
not possible in our study population, since only a small number of participants was
free of chronic disease.

These methodological issues call for the ultimate experiment (criterium number 8):
a randomized controlled clinical trial. To find out whether anemia itself is causally
related to mortality and functional decline, it would not suffice to select older
patients with anemia and to detect and treat the underlying disease. If these patients
show clinical improvement when compared to a control group, it would still be
impossible to disentangle the independent effects of detecting and treating the
underlying disease, and of correcting the anemia. Only a trial in which the role of
chronic disease can be eliminated would help to answer whether anemia is an
independent cause of anemia.'**° In theory, one would want to investigate whether
increasing hemoglobin to non-anemic levels in older people with anemia (e.g. with
blood transfusions), regardless of the underlying disease, improves functional
status and increases the length and quality of life. If so, anemia itself may indeed
be considered a risk factor for adverse outcomes in older individuals. Only when
such a trial has been performed, clear recommendations for clinical practice can be
formulated. As it is not ethical to withhold patients with anemia from diagnosis and
treatment of the underlying cause of the anemia, it will prove very difficult, if not
impossible, to ever perform such a trial. Interestingly though, a strong argument in
favor of the hypothesis that anemia itself is risk factor for functional decline and
mortality is the fact that recombinant erythropoietin treatment has been shown to
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be effective in raising hemoglobin levels and improving the quality of life in
community-dwelling older persons with unexplained chronic anemia.’

A screening program for anemia in old age?

Since anemia is highly prevalent in old age and has potential clinical impact, one
may argue that a screening program for anemia in old age is needed. In 1968,
Wilson and Jungner formulated ten criteria for screening programs for disease.*
These criteria included items on the severity of the health problem, the availability
of an accepted treatment, the availability of facilities for diagnosis and treatment,
understanding of the natural history of disease, and agreement on treatment
policy.* Since anemia is very common in old age (27%, Chapter 2) and is
associated with a number of negative outcomes, a screening program for anemia in
the oldest old may have potential value, especially since a previous analysis in the
Leiden 85-plus Study revealed that 76% of the participants with anemia were
unknown to the general practitioner.”> Prevention and correction of anemia may
thus potentially decrease the risk of adverse outcomes in older individuals.

Since many of the Wilson and Jungner criteria are based on the presence of
appropriate diagnosis and treatment, insight into the etiology of anemia in the
oldest old is needed in order to develop evidence-based screening programs, and
preventive and treatment strategies for anemia in old age. However, the benefit of
and strategy applied for this screening program depend not only on whether a
screening program for anemia fulfills all the Wilson and Jungner criteria including
the availability of appropriate treatment but also on the impact of screening for
anemia on society. As indicated previously, screening for anemia will reveal many
older individuals with anemia, unknown to their treating physician. These older
individuals will have to go through a number of (invasive) tests to find the cause of
the anemia and may be confronted with aggressive and/or lifelong treatment
strategies. Apart from studying the etiology of anemia in old age and cost-benefit
of a screening program for anemia in old age, it is therefore also of vital
importance to gain more insight into the GPs’ and older persons’ opinions with
regard to screening for anemia.

THE ETIOLOGY OF ANEMIA

In medical text books such as Harrison’s Principles of Internal Medicine,** iron
deficiency, (undetected) blood loss, vitamin B12 deficiency, folate deficiency,
renal failure, chronic disease, inflammation and myelodysplasia are stated as the
classic causes of anemia in older people. We evaluated some of these classic causes
of anemia in our study populations of 85-year-olds in Chapters 3 through 8.
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Vitamin B12 deficiency
The consequences of vitamin B12 deficiency

In Chapter 3, we showed that folate deficiency and elevated homocysteine levels at
age 85 years were associated with anemia at baseline and during follow-up, but
vitamin B12 deficiency was not.

Most guidelines recommend measuring vitamin B12 levels in older patients with
anemia.”*® When low vitamin B12 levels are found (and folate is normal),
hydroxocobalamin injections are given, often for many years. In this respect, it
may seem surprising that low vitamin B12 levels do not associate with an increased
risk of anemia in older individuals, especially since the biological role of vitamin
B12 in hematopoiesis is well-defined.”’** However, the results of our study are not
the first to cast doubt on the relationship between low vitamin B12 levels and
anemia in older individuals. We performed a systematic review to evaluate the
association between subnormal vitamin B12 levels and anemia in older people in
published literature to date (Chapter 4). Apart from 22 observational studies which
showed inconsistent results with regard to the association between subnormal
vitamin B12 levels or vitamin B12 deficiency and anemia in older subjects, we
identified 3 well-designed placebo-controlled randomized trials that showed no
effect of vitamin B12 supplementation on hemoglobin levels and MCV during
follow-up in subjects with subnormal vitamin B12 levels at the start of the study.
We concluded that the evidence of a positive association between subnormal
vitamin B12 levels and anemia in older people is limited and inconclusive.

Interestingly, in an earlier report of the Leiden 85-plus Study it was shown that low
vitamin B12 levels at age 85 years do not predict an accelerated deterioration in
cognitive function.’' Similar conclusions were drawn in other observational studies
and in several randomized controlled trials that showed no effect of vitamin B12
administration on cognitive function.***

Clinical implications of these findings

The findings mentioned above do not at all imply that patients with pernicious
anemia or food-vitamin B12 malabsorption should be withheld from vitamin B12
administration. Several non-placebo-controlled studies showed (large) increases in
hemoglobin levels or hematocrit after vitamin B12 administration in patients with
pernicious anemia or food-vitamin B12 malabsorption.***> However, apart from
the undisputed reality of (pernicious) anemia, the clinical impact of a low vitamin
B12 level in older people remains unclear, and accumulating evidence suggests that
clinicians should at least reconsider the risks of a low vitamin B12 level before
starting cyanocobalamin or hydroxocobalamin supplementation in the very old.*®
The total costs of vitamin B12 treatment in older individuals may be considered
limited when compared to other types of medical treatment, but these low costs do
not justify initiation and continuation of vitamin B12 treatment in older persons if
not supported by medical evidence. In addition, it may distract attention from other
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possible underlying causes. Additional proof of the (lack of) effectiveness of
vitamin B12 treatment in older patients with anemia and subnormal vitamin B12
levels is a randomized double blind placebo-controlled trial in which older patients
with anemia and subnormal vitamin B12 levels either receive usual care with
hydroxocobalamin or placebo.

Folate deficiency and elevated homocysteine

Based on our findings in Chapter 3, early detection of folate deficiency by
screening may identify older individuals at risk of developing anemia. The
biochemical pathways suggest that folic acid supplementation is beneficial, but it is
uncertain if folic acid fortification of grain and cereal products (as employed in the
United States®’”®) has a positive effect on the incidence of anemia in the oldest old
and should also be employed in the Netherlands.*® This is a topic of interest for
further studies.

Since serum levels of vitamin B12 and folate alone may not accurately reflect
vitamin status at tissue level, we also studied the effect of elevated serum
homocysteine concentration on anemia, which is considered to be a more sensitive
marker of these deficiencies at the tissue level.*”** The strong association between
elevated homocysteine levels and anemia disappeared after adjustment for the
presence of folate deficiency. Elevated homocysteine levels will thus identify older
subjects at increased risk of developing anemia, but do not seem to be causally
related to anemia in old age. Since high homocysteine has also been shown to be a
good predictor of cardiovascular mortality in old age,” homocysteine may have
potential value in the identification of older individuals at increased morbidity and
mortality risk. Not only have these findings to be validated in other cohorts, but the
consequences for cardiovascular risk management have to be elucidated.*

Iron deficiency and inflammation

In Chapter 5, we investigated the prognostic value of low ferritin levels in anemia
in old age in the presence and absence of inflammation. Low ferritin was
associated with lower hemoglobin levels and lower MCV, but this association was
more pronounced in subjects with elevated C-reactive protein (CRP) levels than in
subjects with normal CRP. These findings suggest that, despite ferritin’s acute
phase properties, it is very important to measure ferritin levels in older individuals,
especially in those with infections or inflammation. It may be hypothesized that
low ferritin is such a specific marker of iron status in individuals with
inflammation due to its ‘acute phase’ properties: iron status must be poor when low
ferritin levels are found in the presence of inflammation.

We presented two possible explanations for the occurrence of low ferritin levels in
the presence of inflammation. First, in some patients with gastrointestinal tumors
or other diseases, iron stores may have become too low to facilitate a rise in ferritin
in response to inflammation. Second, upregulation of hepcidin, the main regulator
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of iron homeostasis may be another explanation for our findings. Pro-inflammatory
cytokines, particularly interleukin 6, induce the production and secretion of
hepcidin by hepatocytes. Hepcidin binds to the membrane protein ferroportin and
induces its internalization and degradation in lysosomes, thereby blocking the
export of iron from cells.** As serum hepcidin assays have recently been
developed,® this hypothesis may be tested in the near future.*® Depending on the
outcomes of these additional studies, future diagnostic algorithms for anemia may
incorporate markers of inflammation such as CRP or even hepcidin.*® The results
of these studies may also lead to innovative clinical trials, for instance by treating
older patients with anemia of inflammation with anti-inflammatory agents or
hepcidin antagonists.*’

Erythropoietin
Renal failure and anemia

Erythropoietin, produced by the kidney, is the main regulator of red blood cell
production.* It is often thought that the high occurrence of anemia in very old
people is caused by an age-related blunted erythropoietin response. In Chapter 6,
we showed that erythropoietin levels in our study population of older individuals
are comparable to erythropoietin levels found in studies with younger subjects.*
However, in participants with severe renal failure (creatinine clearance below 30
ml/min), erythropoietin levels were indeed relatively low, indicating that older
individuals in the general population with anemia and severe kidney dysfunction
may be considered for erythropoietin substitution therapy, which has been shown
to be effective in raising hemoglobin levels and improving the quality of life in
(pre)dialysis and cancer patients.’*™

Mortality

In Chapter 7, we investigated the prognostic value of elevated erythropoietin on
mortality in older individuals. We observed a dose-dependent positive association
between increasing erythropoietin levels and mortality, independent of gender,
creatinine clearance, hemoglobin level, comorbidity, smoking and C-reactive
protein level. It is not exactly clear why elevated erythropoietin levels mark excess
mortality. We proposed a number of potential physiological mechanisms that may
underlie this association. Among others, elevated erythropoietin levels could be a
physiological response to a chronically increased hypoxic stimulus due to yet
undiagnosed subclinical disease.”*** Elevated erythropoietin may also be
compensating for removal of erythrocytes from the blood, either because of
erythrocyte fragility, subclinical chronic hemolysis, or blood loss.**** Further
studies are needed to shed light on the mechanisms involved and to identify the
clinical and therapeutic implications of a high erythropoietin level in old age,
especially since in the past years a number of unexpected nonhematopoietic
functions of erythropoietin have been identified.”
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Unexplained anemia

In approximately one third of patients, the cause of the anemia is unknown; their
anemia is ‘unexplained’.”’ Since older subjects with unexplained anemia often
present with low leukocyte counts,”™* myelodysplastic syndromes or other types
of bone marrow failure may be the underlying diagnosis for unexplained
anaemia.””>**!

Telomeres are DNA-protein complexes at the ends of chromosomes. Telomere
length has been correlated with major age-related diseases such as dementia,****
myocardial infarction,®® heart failure,”’ atherosclerosis,®® and solid tissue tumours.®
Earlier studies have also shown an association between shorter telomeres and
myelodysplastic syndromes and other bone marrow failure syndromes.”””* We
therefore hypothesized that telomere length is a marker of hematopoietic aging and
bone marrow failure, and as a result, would be associated with anemia in old age
(Chapter 8). Both in the Newcastle 85-plus Study and in the first cohort of the
Leiden 85-plus Study, we observed no differences in telomere length between
participants with anemia and participants without anemia, nor did telomere length
correlate with any other hematological parameter. Thus, in contrast to other age-
related diseases, telomere length is not associated with anemia or any other
hematological parameter in older individuals in the general population, despite the
plausible biological mechanism underlying this association. To further investigate
this intriguing matter, studies incorporating bone marrow biopsies are needed.

CONCLUDING REMARKS

Although researchers and clinicians have paid much attention to the clinical
implications and pathophysiology of anemia in older individuals, the consequences
and underlying pathophysiological mechanisms of anemia in the oldest old in the
general population at large were largely unknown. Therefore, the aim of this thesis
was to provide new insights into the impact and etiology of anemia in older
individuals in the general population. In various chapters we succeeded in this aim,
although many issues remain unsolved and many new questions have arisen.

An important finding presented in this thesis is that anemia in old age appears to be
associated with an increased risk of death, independent of comorbidity, but the
associated functional decline appears to be attributed mainly to comorbidity.
Randomized controlled trials are needed to investigate whether anemia is a risk
factor or risk marker of excess mortality and functional decline in older individuals
(if proven ethical). In addition, while folate deficiency at age 85 years was
associated with the development of anemia during follow-up, vitamin B12
deficiency was not. Nowadays, many older subjects with subnormal vitamin B12
concentrations receive hydroxocobalamin treatment. However, the results of our
study indicate that trials are needed to verify whether older individuals with anemia
and subnormal vitamin B12 levels should at all be treated with hydroxocobalamin.
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Furthermore, we found that low ferritin was associated with the presence of
anemia, but this association was more pronounced in participants with elevated
CRP levels than in participants with normal CRP levels. Serum hepcidin
measurements may shed light on this complicated interrelation between iron
deficiency, inflammation and anemia. Additionally, we found that only in
participants with severe renal failure, erythropoietin levels are relatively low and
that elevated erythropoietin levels are associated with increased mortality,
independent of hemoglobin. Further studies are needed to identify the clinical
relevance and therapeutic implications of a low and a high erythropoietin level in
older people in the general population. Besides, in contrast to other age-related
diseases, telomere length appeared not to be associated with anemia in older
individuals in the general population, despite the plausible biological mechanism
underlying this association. Studies incorporating bone marrow biopsies are needed
to investigate this further.

Finally, future studies should focus on improving the diagnostic algorithms for
anemia in older individuals by looking into the additional diagnostic value of
erythropoietin, homocysteine, methylmalonic acid, CRP or hepcidin in these
algorithms. Since the prevalence of anemia is highest in the highest age groups,
further studies are needed to elucidate the specific causes of anemia in these age
groups. As current diagnostic and therapeutic guidelines are based on the classic
notions of the etiology of anemia, the guidelines on anemia may have to be
revisited for the highest age groups in the years to follow.
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