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Abstract

Background—a-Brain iron promotes neurodegeneration in Parkinson’s disease (PD). While
hemoglobin (Hb) is the most abundant source of peripheral iron in humans, its relationship with
PD is uncertain. This report examines the association between Hb in late-life and PD incidence.

Methods—From 1991-1993, Hb was measured in 3,507 men in the Honolulu-Asia Aging Study.
Men were aged 71-93 years and without PD. Participants were followed until 2001 for incident
PD.

Results—Hb levels declined markedly with age. For men aged 71-75 years, 14.8% had levels
<14 g/dL versus 53.6% in those aged 86 and older (p<0.001). During follow-up, 47 men
developed PD (19.8/10,000 person-years). After age-adjustment, PD incidence rose significantly
from 10.3 to 34.9/10,000 person-years as Hb increased from <14 to >16 g/dL (p=0.024, relative
hazard 3.2, 95% CI 1.2-8.9). Associations persisted after accounting for early mortality and
adjustments for concomitant risk factors.

Conclusions—While Hb declines with advancing age, evidence suggests that Hb that remains
high in elderly men is associated with an increased risk of PD.
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1. Introduction

Iron deposition occurs in the substantia nigra with normal aging but its accumulation is
markedly higher in the brains of patients with Parkinson’s disease (PD) [Bartzokis et al.,
2007; Kaur and Andersen, 2004]. At toxic levels, brain iron can exacerbate
neurodegeneration by promoting oxidative stress, altered myelin synthesis, aggregation of a-
synuclein, and neuronal death that is associated with PD and related syndromes. Some have
proposed that iron chelation or screening for brain iron ferritin could have a role in the
development of novel strategies for primary intervention and the treatment of PD [Bartzokis
etal., 2007; Kaur et al., 2009].

As the most significant source of peripheral iron in humans, the role of hemoglobin (Hb)
could be important in the presence of ongoing dysregulation in iron homeostasis [Kaur and
Andersen, 2004]. Some evidence suggests that brain iron levels can be modulated by
peripheral iron [Bartzokis et al., 2007; Beard and Connor, 2003; Hallgren and Sourander,
1958; Pinero et al., 2000]. A combined role with a-synuclein may also be important. Nearly
all a-synuclein in human blood is found in red blood cells (which are also largely composed
of Hb) [Barbour et al, 2008]. Through metal binding and aggregation of a-synuclein, iron
rich Hb could have an important role in formation of Lewy bodies, the hallmark pathology
of PD [Wolozin and Golts, 2002]. The presence of Hb formations (nitrosyl Hb) in the
substantia nigra could be especially meaningful in promoting brain iron dysregulation, early
declines in nigral glutathione levels, and increasing dopaminergic nitric oxide [Cammack et
al., 1998; Chinta et al., 2007; Shergill et al., 1996]. Mechanisms and interactions that
involve iron and Hb in PD neurodegeneration, however, remain obscure, particularly in late-
life. The purpose of this report is to examine the association between late-life Hb levels and
the incidence of PD.

2. Methods

2.1. Study design

From 1965 to 1968, the Honolulu Heart Program began following 8,006 men of Japanese
ancestry living on the island of Oahu, Hawaii for the development of cardiovascular disease
[White et al., 1996]. Beginning with examinations that were given from 1991 to 1993, the
Honolulu-Asia Aging Study was created as an expansion of the Honolulu Heart Program to
study neurodegenerative diseases and cognitive function in the elderly [White et al., 1996].
Subjects included 3,741 men aged 71 to 93 years (approximately 80% of the survivors in the
original Honolulu Heart Program cohort). Procedures were in accordance with institutional
guidelines and approved by an institutional review board. Written informed consent was
obtained from study participants at all examinations.

For this report, follow-up began when late-life Hb levels were measured at the beginning of
the Honolulu-Asia Aging Study (1991-1993). Men with prevalent PD (n=66) were excluded
as were an additional 168 with missing Hb data. The remaining sample consisted of 3,507
elderly men with follow-up for incident PD that was identified during three repeat
neurologic examinations occurring from 1994 to 2001.

2.2. Measurement of Hb and confounding data

Hematology measures made at the beginning of study follow-up (1991-1993) utilized the
Technicon H-1 automated hematology analyzer [Bollinger et al., 1987]. For Hb, the
Technicon system used a modified manual cyanmethemoglobin method. Cells were lysed,
Hb was converted to cyanmethemoglobin, and the absorbance was measured at 546 nm. For
this laboratory, the normal range for Hb was 14 to 18 g/dL.
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To help isolate the independent association between Hb and the future risk of PD, other
factors were considered as possible sources of confounding. They included age, mid-life
pack-years of cigarette smoking and coffee intake, constipation, excessive daytime
sleepiness, and prevalent cancer (other than non-melanoma skin cancer). Mid-life pack-
years of cigarette smoking and coffee intake were measured at the time of initiation of the
Honolulu Heart Program (1965-1968) as markers of typical lifetime exposures to these
factors [Ross et al, 2000]. Late-life coffee intake was not determined at the time when
follow-up began (1991-1993) and current cigarette smoking was too uncommon to allow for
its careful assessment. Determination of the other characteristics coincided with the
measurement of Hb (1991-1993).

Constipation was defined as having <1 bowel movement on a typical day [Abbott et al,
2001]. Excessive daytime sleepiness was assessed through the use of a questionnaire
administered by a trained research technician. Those who reported being sleepy most of the
day were defined as having excessive daytime sleepiness [Abbott et al, 2005]. Prevalent
cancer was defined as cancer that predated the beginning of follow-up or was prevalent at
the time when follow-up began. Diagnoses of cancer were ascertained from a
comprehensive system of surveillance by a panel of physician investigators with access to
medical records, hospital discharges, and tumor registry data.

2.3. PD case finding and diagnosis

At the time when Hb was measured (1991-1993) and during the course of follow-up
(1994-2001), all subjects were questioned about a diagnosis of PD and the use of PD
medications by a structured interview. Study participants received further screening by a
technician trained by a study neurologist to recognize the clinical symptoms of parkinsonism
(including gait disturbance, tremor, and bradykinesia). Participants with a history of PD or
clinical signs of parkinsonism were referred to a study neurologist who administered
standardized questions about the symptoms and onset of parkinsonism, previous diagnoses,
and medication use, followed by a comprehensive and standardized neurologic examination.
All diagnoses of PD were made by study neurologists according to published criteria
without access to risk factor data examined in this report [Ward and Gibb, 1990]. These
required that the subject have the following: (1) parkinsonism (any two of bradykinesia, rest
tremor, rigidity, or postural reflex impairment); (2) a progressive disorder; (3) any two of a
marked response to levodopa, asymmetry of signs, asymmetry at onset, or initial onset
tremor; and (4) absence of any etiology known to cause similar features. Cases of
parkinsonism that were related to progressive supranuclear palsy, multiple system atrophy,
cerebrovascular disease, drug induced parkinsonism, post-encephalitic parkinsonism, or
post-traumatic parkinsonism were excluded from follow-up based on a thorough screen for
medications associated with parkinsonism, a comprehensive system of stroke surveillance
since 1965, and access to medical records in a highly cooperative community where
outmigration is rare [Abbott et al, 2007; Ross et al, 2000].

2.4. Statistical methods

The intent of the current report is to assess the association between Hb and the risk of PD
across ranges of observed Hb values without regard to clinical definitions of normal Hb,
anemia, or polycythemia. For the purpose of showing how the incidence of PD changes with
Hb levels, crude and age-adjusted incidence rates of PD in person-years were estimated
across ranges of Hb (<14, 14-15.9, and >16 g/dL) based on standard analysis of covariance
methods [Lane and Nelder, 1982]. Although the selection of these cut-points is arbitrary,
their use was meant to provide a description of overall associations. In contrast, as a test for
trend (and possible curvature) formal statistical testing was based on the more objective use
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of Hb as a continuous variable. Average and percentages of other factors, along with deaths/
100 person-years, were also derived and age-adjusted across the Hb ranges.

To assess the effect of Hb (and other factors) on the incidence of PD, proportional hazards
regression models were used [Cox, 1972]. When analyses were based on a small number of
PD cases, logistic regression models were examined using exact testing methods [Mehta and
Patel, 1995]. The logistic models were further adapted for a survival analysis where
parameter estimates are known to be similar to those in a proportional hazards regression
model, particularly in the instance when event counts are low [Abbott, 1985]. Adjustments
were made for age and the other study characteristics. Relative hazards of PD (and 95%
confidence intervals) between Hb ranges were also estimated with the Hb strata modeled as
discrete indicator variables. All reported p-values were based on two-sided tests of
significance.

3.1. Hb distribution

The average age of the sample of 3,507 men was 77 years (range: 71-93) at the time when
follow-up began and when Hb was assessed (1991-1993). Overall, 820 men (23.4%) had Hb
levels <14 g/dL, 1,953 (55.7%) had levels that ranged from 14 to 15.9 g/dL, and 734
(20.9%) had levels =216 g/dL. The number of men with anemia (<13 g/dL) was 313 (8.9%).
Although levels of Hb as high as 18 g/dL were within the normal range for our laboratory,
only 180 men (5.1%) had Hb levels >17 g/dL. Forty-three (1.2%) had levels >18 g/dL.

Table 1 further describes how Hb levels vary with age in this elderly sample. Among this
group, Hb declined consistently from an average of 15.2 g/dL in men aged 71 to 75 years to
13.8 g/dL in those who were aged 86 years and older (p<0.001). The percent of men with
Hb levels >16 g/dL also declined with age (p<0.001), while the percent with Hb levels <14
and 14-15.9 g/dL increased (p<0.001).

3.2. Relationship with other features

Table 2 describes the relationship of Hb with other features that were observed during mid-
life and at the baseline examination (1991-1993) when Hb was assessed. Among the
baseline features, the percent of men with constipation and prevalent cancer declined
significantly with rising Hb levels (p<0.001). Deaths/100 person years also declined with
rising Hb levels (p<0.001). For constipation and mortality, patterns of association were
largely due to an excess of each event that occurred in the lowest Hb range (<14 g/dL).
Although mid-life pack-years of cigarette smoking rose significantly with increasing Hb
levels (p=0.019), the relationship was similar for levels <16 g/dL. An association between
Hb and mid-life coffee intake and excessive daytime sleepiness was less apparent.

3.3. Hb relationships with PD incidence

In the course of follow-up, 47 of the 3,507 men developed PD (19.8/10,000 person-years).
The average age at the time of diagnosis was 80 years (range: 73-90), and the average time
to diagnosis was 3.8 years (range: 4 months-7.9 years).

Table 3 further describes the incidence of PD across ranges of Hb. After age-adjustment, the
incidence of PD rose significantly from 10.3 to 34.9/10,000 person-years as Hb increased
from <14 to 216 g/dL (p=0.024). The association between Hb and the incidence of PD
persisted after additional adjustment for other concomitant features (p=0.022).
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Although sample sizes are small in the tails of the Hb distribution, men with anemia (Hb
<13 g/dL) experienced the lowest incidence of PD (6.2/10,000 person-years). Here, there
was one case of PD among 313 men at risk. Sample sizes were also small for those with Hb
>17 g/dL (5 PD cases in 180 at risk) where PD incidence was highest (41.0/10,000 person-
years) as compared to the other Hb strata.

Associations were also examined within strata of confounders that are known to have
relationships with both Hb and incident PD. As examples, the relationship between Hb and
PD is similar between strata of mid-life smoking status and baseline age (Figure 1).
Although sample sizes are reduced, the association between Hb and incident PD remains
statistically significant in those who were never smokers during mid-life (p=0.039) and in
men above the median age of 77 years when follow-up began (p=0.047).

Early mortality could also be an important confounder in the relationship between Hb and
PD. For those with Hb levels <14 g/dL, the chance of a diagnosis of PD could be reduced
through the higher incidence of death versus other Hb ranges (see table 2). The effect of
early mortality, however, was modest. After excluding men who died within the first 3 years
of follow-up, the association between Hb and the incidence of PD persisted (p=0.042). In
addition, had the men who died in the course of follow-up without a diagnosis of PD
survived and gone on to develop PD at a rate that assumes that Hb is unrelated to PD, the
incidence of PD for the lowest Hb range (<14 g/dL) would increase to 13.1/10,000 person
years, while for Hb levels >16 g/dL, the incidence would become 32.9/10,000 person years.
The difference remains statistically significant (p=0.020).

4. Discussion

The substantia nigra in PD contains an excessive amount of iron that is often considered
neurotoxic [Bartzokis et al., 2007; Kaur and Andersen, 2004]. Findings in the current report
provide evidence that higher levels of Hb, the most abundant source of peripheral iron in
humans, can predate the clinical manifestation of PD in elderly men. It remains to be
determined if high Hb concentrations are a cause of PD. An association between Hb and PD
could be a secondary response to ongoing mechanistic derangements that disrupt the close
regulation of iron in brain viability. While brain iron homeostasis is tightly regulated, severe
dysregulation could be a distinctive feature in processes that lead to PD. Some evidence
suggests that brain iron can be modulated by peripheral iron status [Bartzokis et al., 2007;
Beard and Connor, 2003; Hallgren and Sourander, 1958; Pinero et al., 2000]. Whether it is
more easily altered in PD is unknown. The presence of modified Hb formations (nitrosyl
Hb) in the substantia nigra could be especially important in brain iron homeostasis, in early
declines in nigral glutathione levels, and in increased dopaminergic nitric oxide in vitro and
in vivo [Cammack et al., 1998; Chinta et al., 2007; Shergill et al., 1996].

Promation of a-synuclein aggregation, a critical factor in several neurodegenerative
diseases, may also be important [Uversky, 2007]. Within the blood, red blood cells (which
are largely composed of Hb) are a major source of a-synuclein [Barbour et al., 2008]. In
addition, as a metal binding protein, a-synuclein is aggregated by iron, which in turn
contributes to the formation of Lewy pathology in PD processes [Wolozin and Golts, 2002;
Uversky, 2007]. Expression of a-synuclein is closely correlated with 3 key heme
metabolizing genes, likely due to common transcription factors in erythrocyte and brain
precursors (GATA-1 and GATA-2) [Scherzer et al., 2008].

Whether late-life Hb levels are more important than levels that exist in middle adulthood

warrants consideration. The one time finding of a relatively high Hb level in an elderly man,
especially when Hb levels are expected to decline with age, could also be a marker of a life-
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time of accumulation of iron deposition that exceeds neuroprotective thresholds. While an
earlier measurement if Hb was not available in our elderly cohort, hematocrit was
determined when the men were aged 45 to 68 years at initiation of the Honolulu Heart
Program (1965-1968). Hematocrit was also measured in late-life at the time when Hb was
assessed as part of a complete blood count when the current follow-up began (1991-1993).
The association between Hb and the risk of PD was independent of hematocrit measured in
mid-life (1965-1968) and the concomitant late-life (1991-1993) measures of red blood cell
distribution, mean cell volume, mean cell Hb concentration, and mean cell Hb.

Other than hematocrit and Hb that were measured in late life, none of the other blood count
measures had a significant relationship with incident PD. As might be expected, because of
high multicolinearity, the significant associations that hematocrit and Hb have with PD no
longer persist when both factors appear in the same model. This also occurs for models that
include red blood cell count, even though red blood cell count is not a significant predictor
of PD. This suggests that there is a high level of redundancy among these measures and that
mechanistic relationships involving the effect of hematocrit and Hb on the risk of PD may
be similar or equally important.

Other than iron, there are several alternative explanations for the association between late-
life Hb and PD incidence. Possible mechanisms could involve exposures to metals,
pesticides, and solvents [Andre et al., 2005; Uversky, 2007]. In the current study, only data
on mid-life exposure to these latter factors are available, none of which had an affect on the
association between Hb and PD. Measures in later life, however, could be important as a
marker of long-term accumulation of neurotoxins in vulnerable regions of the brain. As an
improved correlate of life-time exposure to cigarette smoking, spirometric testing was
performed in late-life at the time of Hb measurement. Neither forced vital capacity nor the
first second of forced expiratory volume offered additional insight into the finding of a
relationship of Hb with PD.

Whether diet has a role also needs to be considered. Dietary iron deficiency can deplete
brain iron concentrations, while it can be restored with supplementation [Beard and Connor,
2003; Pinero et al., 2000]. The possibility exists that brain iron accumulation can be
modified [Bartzokis et al., 2007]. In case-control studies, descriptions of an association
between dietary iron and PD are equivocal and complex, sometimes involving interactions
with other risk factors [Logroscino et al., 1998; Logroscino et al., 2008; Powers et al., 2003].
In the current sample, after adjustment for total kilocalories, intake of dietary iron in mid-
life at the time of initiation of the Honolulu Heart Program (1965-1968) was positively
associated with an increased risk of PD (p=0.034). After further adjustment for age, pack-
years of cigarette smoking, and coffee intake, the association was no longer significant.
Findings were unaltered within strata of manganese, vitamin C, and total fat intake. The
intake of these nutrients, including carbohydrates, also failed to alter the reported association
between Hb and PD. As noted by others, inadequate intake of dietary antioxidants and
generalized poor nutrition in the elderly could offer partial explanation for findings of a
cross-sectional excess of PD in the presence of anemia [Ferrucci et al., 2007].

In contrast to findings reported in our elderly sample, data from a recent case-control study
suggest that anemia in early-life can predate the diagnosis of PD by 20 years and longer
[Savica et al., 2009]. An association with late-life anemia, however, was absent. The
distribution of Hb and its relationship with PD in the higher Hb ranges were also not
provided. When pooled with common levels of normal Hb (where PD risk is low), a high
incidence of PD in a comparatively small group of elderly men with elevated Hb could have
been missed. Questions also remain about those who were selected as controls and those
who were excluded because of early mortality. In the current report, follow-up began at a
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standardized protocol examination for all participants in a free-living population-based
sample with common baseline exclusions. Recall and selection bias are less of an issue, and
measures of absolute risk are easily derived.

Besides diet, there are other pathways that might explain the association between Hb and
PD. Increased susceptibility to neurotoxity from iron dysregulation and overload could be
due to polymorphisms in genes coding for proteins that remove free Hb from the circulation
and tissues. Such mechanisms might involve genotypes of the Hb binding protein
haptoglobin with distributions that are different in subjects with idiopathic PD versus normal
controls [Costa-Mallen et al., 2008]. Other gene mutations or errors in protein processing
could contribute to dysregulation in iron metabolism and homeostasis, neurodegeneration
from brain iron deposition, aceruloplasminemia, and an increased risk of PD [Rhodes and
Ritz, 2008].

A neuroprotective effect from cigarette smoking may also be important. While the
association between Hb and PD was similar in men who were never versus past and current
smokers during mid-life (Figure 1), it seemed stronger for those who were never smokers.
Based on preliminary findings from a series of 33 autopsied members in the current sample
(where death occurred within 5 years of Hb measurement) [Ross et al., 2004], total
substantia nigra neuron density in never smokers declined consistently from 20.4 neurons/
mm?2 in 17 men with Hb <14 g/dL to 14.0 neurons/mm? in 7 men with Hb >16 g/dL
(p=0.016). Levels of Hb were unrelated to neuron density for men who were past or current
smokers.

As is the case in any large-scale epidemiologic study, there are potential limitations in the
current report. Because of the advanced age of our cohort when follow-up began, the mean
age at PD onset is latter than in other studies. Diagnostic misclassification is also possible.
For this to affect our results, there would need to be a higher likelihood for missed cases in
the low versus high Hb strata. There is no evidence that this should occur. In addition,
although efforts were made to identify everyone with PD, early cases of PD could still have
been missed in the screening process. Incidence rates, however, are similar to other
population-based samples, suggesting this may not be a major factor [Morens et al., 1996].

While observations in the current report are consistent with neuropathologic evidence of a
relationship between iron and neurodegeneration in PD [Bartzokis et al., 2007; Kaur and
Andersen, 2004], further confirmation and studies of mechanistic pathways are needed.
Findings are consistent with age related increases in brain ferritin iron and an increased risk
of PD in the elderly [Bartzokis et al., 2004; Haaxma et al., 2007]. Supporting evidence is
also found among women, where compared to men, levels of Hb and brain ferritin iron are
low, as is the risk of PD [Bartzokis et al., 2007; Haaxma et al., 2007]. Whether higher Hb in
the elderly (when it is expected to be low) could be used to target individuals for further
MRI screening of brain iron ferritin levels and preventive therapeutic interventions in
neurodegeneration warrants consideration [Bartzokis et al., 2007; Kaur et al., 2009].

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 2

Age-adjusted percentages and average levels of concomitant risk factors and age-adjusted mortality across
ranges of Hb in the elderly men in the Honolulu-Asia Aging Study.

Hb range (g/dL)

<14 14-15.9 216
Sample size 820 1953 734
Mid-life cigarette smoking® (pack-years) 26.7+29.8% 255264 306%272
Mid-life coffee intake (0z/d) 135+128 13.3+125 14.6+136
Percent constipatedi (N) 10.8(82) 5.3 (%) 5.7(38)
Percent with excessive daytime sleepiness (N) 8.8 (60) 8.3 (146) 9.4 (61)
Percent with prevalent cancert (N) 19.1 (164) 123 (238) 10.2(73)
Total deaths/100 person-yearsT (N) 7.6 (447) 4.7(627)  5.0(230)

*
Mean + standard deviation
TPack—years of cigarette smoking increases with rising Hb level (p=0.019).

iPercent of men with constipation and prevalent cancer, and total deaths/100 person-years decline significantly with rising Hb level (p<0.001).
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Incidence and risk factor adjusted relative hazard of PD comparing ranges of Hb in elderly men in the

Table 3

Honolulu-Asia Aging Study.

Incidence/10,000 person-years

Hb (g/dL) Unadjusted Age-adjusted  Relative hazard™
<14 10.3 (5/820)1 10.3 reference
14-15.9 17.5 (24/1953) 175 15 (0.6,4.0)F
>16 34.98 (18/734) 34.97 31T @187
Test for trend (p-value) 0.021 0.024 0.022
Overall 19.8 (47/3507)

Page 13

*
Adjusted for age, mid-life pack-years of cigarette smoking, mid-life coffee intake, constipation, excessive daytime sleepiness, and prevalent

cancer.

TNumber of PD cases/sample at risk

¢95% confidence interval

§Significant PD excess versus Hb levels <14 g/dL (p=0.020)

//Significant PD excess versus Hb levels <14 g/dL (p=0.023)

ﬂSignificant PD excess versus Hb levels <14 g/dL (p=0.028)
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