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A B S T R A C T

Background: Although numerous cross-sectional studies have examined the relationship between anemia and cognitive impairment or dementia in 
older adults, data from larger longitudinal studies, especially in generally healthy older adults, are limited.
Objectives: To investigate the associations between baseline hemoglobin levels, anemia, and mild cognitive impairment (MCI) over 3 y in generally 
healthy older adults.
Methods: This is an observational analysis of the 3-y DO-HEALTH trial, a double-blind, randomized controlled trial including 2157 European 
community-dwelling adults age 70+. Cognition was assessed at baseline, 12, 24, and 36 mo using the Montreal Cognitive Assessment (MoCA). MCI 
was defined as a MoCA score <26 at 2 consecutive time points. The exposures were the quintiles of hemoglobin levels and anemia at baseline. Logistic 
regression models based on generalized estimating equations controlled for age, sex, prior falls, study site, treatment allocation, body mass index, 
number of comorbidities, smoking status, use of iron supplements, alcohol consumption, renal function, and vitamin B12 levels.
Results: A total of 2150 participants were included in the analyses (mean age of 74.9 y; 61.7% females). Compared with the lowest quintile, participants 
in all higher quintiles had a significantly lower odds of MCI: 2nd = 34% lower odds of MCI [odds ratio (OR) = 0.66; 95% confidence interval (CI): 
0.47, 0.93; P = 0.02], 3rd = 39% (OR = 0.61; 95% CI: 0.43, 0.86; P = 0.005), 4th = 44% (OR = 0.56; 95% CI: 0.39, 0.82; P = 0.003), and 5th = 36% 

(OR = 0.64; 95% CI: 0.43, 0.97; P = 0.03). For anemia, there was no association with the odds of MCI over time.
Conclusions: Baseline hemoglobin levels >130 g/L were associated with reduced odds of MCI over 3 y. Although this study does not establish 
causality, it suggests further investigations in monitoring and managing hemoglobin levels, even in generally healthy older adults.
This trial was registered at clinicaltrials.gov as NCT01745263.
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Introduction

Due to increased life expectancy, the proportion of older adults is 
projected to grow substantially in the coming years [1]. Age is a pri-
mary risk factor for declines in core cognitive functions, including 
memory, attention, visuospatial abilities, and executive functions [2]. 
Consequently, this demographic shift is expected to substantially

increase the number of individuals at risk of cognitive decline and 
dementia, with the global prevalence of dementia projected to rise 
from 57 million in 2019 to 153 million by 2050 [3].

In light of the absence of curative treatments for dementia, recent 
focus has shifted toward the preclinical stages of the disease, where 
interventions may slow the progression of cognitive decline [4]. Mild 
cognitive impairment (MCI), the transitional stage between normal

Abbreviations: CI, confidence intervals; MCI, mild cognitive impairment; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; OR, odds ratio; 
RCI, Reliable Change Index.
* Corresponding author.

E-mail address: HA.Bischoff-Ferrari@felixplatter.ch (H.A. Bischoff-Ferrari).
† MW and JF shared first authorship.

journal homepage: https://ajcn.nutrition.org/

https://doi.org/10.1016/j.ajcnut.2025.11.005
Received 18 June 2025; Received in revised form 7 October 2025; Accepted 10 November 2025; Available online xxxx
0002-9165/© 2025 The Authors. Published by Elsevier Inc. on behalf of American Society for Nutrition. This is an open access article under the CC BY license (http:// 
creativecommons.org/licenses/by/4.0/).

The American Journal of Clinical Nutrition xxx (xxxx) xxx

http://creativecommons.org/licenses/by/4.0/
http://clinicaltrials.gov
mailto:HA.Bischoff-Ferrari@felixplatter.ch
https://ajcn.nutrition.org/
https://doi.org/10.1016/j.ajcnut.2025.11.005
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.ajcnut.2025.11.005


cognitive aging and dementia [5], affects 16%–20% of individuals aged 
65 y and older [6]. MCI has been shown to be significantly associated 
with an increased risk of developing dementia, particularly Alzheimer’s 
disease [7,8], with annual conversion rates to dementia ranging from 

10% to 15% [6,9,10]. Within 3 y, the progression rate to Alzheimer’s 
disease has been estimated at 59% for individuals with MCI, compared 
with 4% among those with normal cognitive function [11].

Identifying modifiable risk factors for cognitive decline is therefore 
crucial for dementia prevention [12]. A low hemoglobin blood level, 
given the essential role of hemoglobin in cerebral oxygenation, has 
been linked to brain health [13–15]. This may be clinically relevant as 
anemia, commonly defined as a condition characterized by a 
lower-than-normal hemoglobin concentration, varies in prevalence 
from 9.2% to 23.9% among community-dwelling older adults, 
depending on the specific definition used [16–21]. Furthermore, ane-
mia has been associated with other adverse outcomes of accelerated 
aging including cardiovascular diseases, falls, fractures, hospitaliza-
tions [22–24], and increased mortality [25].

Although numerous cross-sectional studies have examined the 
relationship between anemia and cognitive impairment or dementia in 
older adults [26,27], data from larger longitudinal studies, especially in 
generally healthy older adults, are limited [26,27]. Finally, a 
meta-analysis of observational studies highlighted substantial hetero-
geneity across studies [27]. Most importantly, very few studies have 
used hemoglobin levels as an exposure variable, which may allow for a 
more detailed investigation of risk gradients and potential nonlinear 
associations [28].

Therefore, the present study aims to investigate the association 
between quintiles of baseline hemoglobin levels, anemia, and the odds 
of MCI over a 3-y follow-up in over 2000 generally healthy adults 
aged 70 y and older enrolled in the DO-HEALTH trial.

Methods

Participants and study design
This is a post-hoc observational analysis of the DO-HEALTH 

clinical trial. DO-HEALTH was a multicenter, double-blind, ran-
domized controlled clinical trial designed to support healthy aging in 
European older adults [29] (NCT01745263), and was conducted be-
tween December 2012 and November 2017. A total of 2157 
community-dwelling females and males aged 70 y and older were 
recruited from 7 centers in 5 European countries: Innsbruck (Austria), 
Toulouse (France), Berlin (Germany), Coimbra (Portugal) and Zurich, 
Basel, Geneva (Switzerland). The inclusion criteria were absence of 
major health events in the 5 y prior to enrollment, sufficient mobility to 
come to the study centers, and good cognitive function with a 
Mini-Mental State Examination (MMSE) score of ≥24. Additional 
details about the trial design and main findings were published else-
where [29,30]. The DO-HEALTH trial was originally powered for its 
primary outcomes [29,30], and no a priori power calculation was 
conducted for the present analysis. The Cantonal Ethical Committee of 
the Canton of Zurich approved this further use of data and biological 
material study (BASEC Nr. 2021-00913). All participants included in 
this study signed the informed consent.

Outcomes
Cognitive function was assessed with the Montreal Cognitive 

Assessment (MoCA) at baseline and at each yearly clinical visit. The 
test evaluates short-term memory recall, visuospatial abilities, attention/

concentration, abstract reasoning, executive functions, language, and 
orientation [31]. The MoCA score ranges from 0 to 30, with a higher 
score reflecting a better cognitive performance [31]. The presence of 
MCI was defined as a MoCA score <26 at 2 consecutive time points, 
including baseline and any follow-up time point over 3 y, resulting in up 
to 3 outcome measures for each participant. This approach was adopted 
to minimize risk of misclassification due to potential fluctuations in 
cognitive performance. By requiring the criterion to be met on 2 oc-
casions, we ensure that the identification of MCI more accurately re-
flects sustained declines in cognitive abilities rather than temporary 
variations in test results. Because the use of the original cut-off to define 
MCI (MoCA score <26 [31]) in clinical routine has been questioned in 
recent literature [32], we used an additional cut-off to define MCI, 
MoCA score < 24, in a sensitivity analysis. Furthermore, as described 
by Sager et al. [33], an additional sensitivity analysis was conducted 
using the Reliable Change Index (RCI), applied to both MoCA cutoffs, 
to account for practice effects in cognitive tests over time [34].

Exposures
The primary exposure was quintiles of baseline hemoglobin levels. 

Venous blood was collected after an overnight fast by medically 
trained staff into tubes containing dipotassium EDTA (K 2 EDTA). 
Hemoglobin levels (g/L) were measured at the local certified clinical 
laboratory of each study center using automated hematology ana-
lyzers. Automated hematology analyzers used in certified clinical 
laboratories have wide analytic ranges that reliably cover the physi-
ologic spectrum of hemoglobin concentrations; in this study, no values 
were flagged as being outside measurable limits. Quality control was 
ensured by routine daily calibration and internal controls in accor-
dance with manufacturer instructions and laboratory accreditation 
standards. Baseline anemia was considered as a secondary exposure 
and defined as hemoglobin levels <130 g/L for males and < 120 g/L 
for females, following the WHO guidelines [35]. In a sensitivity 
analysis, we also examined sex-specific quintiles of hemoglobin to 
account for the physiological differences in hemoglobin distributions 
between males and females.

Baseline and time-varying covariates
Covariates were selected based on a theory-driven approach, 

informed by prior literature and established risk factors for both he-
moglobin levels and cognitive outcomes. Participants’ characteristics, 
such as age, sex, smoking status, and BMI, and use of iron supple-
ments, were collected at baseline. Baseline alcohol consumption (g/d) 
and change in alcohol intake (g/d) from baseline at 3 y were derived 
from the food frequency questionnaire [36]. Comorbidities were 
assessed at baseline with the self-administered Comorbidity Ques-
tionnaire [37]. Vitamin B12 levels (ng/L) and estimated glomerular 
filtration rate (eGFR) (mL/min per 1.73 m 2 ) were measured at baseline 
and during each yearly clinical visit.

Statistical analysis
Baseline demographic and clinical characteristics of the study 

population are presented overall, and stratified by quintiles of baseline 
hemoglobin levels. Normally distributed variables are summarized as 
mean (SD), skewed variables as median (IQR), and categorical vari-
ables as n (%). The association between baseline quintiles of hemo-
globin levels, anemia, and MCI over 3 y was assessed using 
generalized estimating equations for repeated binary outcomes 
including unstructured covariance. The models controlled for 
randomization stratification factors including study site, sex, age,
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previous fall, treatment allocation, and time-varying BMI. The addi-
tional covariates included in the models were baseline number of 
comorbidities, baseline smoking status, baseline use of iron supple-
ments, change in alcohol intake (g/d) from baseline at 3 y, time-
varying estimated glomerular filtration and time-varying vitamin 
B12 levels. All the results were expressed as odds ratios (ORs) with 
their 95% confidence intervals (CIs). Additionally, we included 
interaction terms between sex, age group (70–74 or 75+), baseline 
iron status (soluble transferrin receptor levels >28.1 nmol/L or ≤28.1 
nmol/L), and the exposures in the different models to assess potential 
moderation. Subgroup analyses by these variables were planned if 
significant interactions were identified. Analyses were based on 
available cases; no imputation was performed for missing data. Sta-
tistical analyses involved using SAS version 9.4 (SAS Institute). Two-
sided P values < 0.05 were considered statistically significant.

Results

Baseline characteristics of the study population
A total of 2150 participants with available hemoglobin levels and 

MoCA scores at baseline were included in the analysis (Supplemen-
tary Figure 1), with baseline characteristics presented in Table 1. The 
mean age was 74.9 y (SD = 4.4), and 61.7% were females. Partici-
pants in the highest hemoglobin quintile (quintile 5, 150–189 g/L) 
were generally younger, more often male, and reported higher alcohol 
intake compared with those in the lowest quintile (quintile 1, 89–129 
g/L). They also had fewer comorbidities, higher eGFR, and lower 
prevalence of anemia and iron supplement use. The median (IQR) 
MoCA scores were 26.0 (24.0, 28.0) at baseline, 27.0 (25.0, 29.0) at 
year 1, 27.0 (25.0, 29.0) at year 2, and 27.0 (25.0, 29.0) at year 3. The 
prevalence of MCI over the course of the study, based on the different 
cut-points applied, is detailed in Supplementary Table 1.

Association between baseline hemoglobin levels and MCI 
over 3 y

The odds of MCI significantly decreased across the 5 quintiles of 
baseline hemoglobin levels, indicating a consistent linear trend (P = 

0.03). Adjusting for age, sex, prior falls, study site, treatment alloca-
tion, BMI, number of comorbidities, use of iron supplements, smoking 
status, alcohol consumption, renal function, and vitamin B12 levels, 
participants in the second quintile had 34% lower odds of MCI 
compared with those in the first quintile (OR = 0.66; 95% CI: 0.47, 
0.93; P = 0.02). Similarly, participants in the third, fourth, and fifth 
quintiles had reduced odds of MCI by 39% (OR = 0.61; 95% CI: 0.43, 
0.86; P = 0.005), 44% (OR = 0.56; 95% CI: 0.38, 0.82; P = 0.003), 
and 36% (OR = 0.64; 95% CI: 0.43, 0.97; P = 0.03), respectively, all 
compared with the first quintile (Figure 1 and Supplementary Table 2).

There was no evidence of significant moderation by sex (P = 0.92), 
age (P = 0.68), or baseline iron status (P = 0.25) in the relationship 
between hemoglobin levels and MCI. Therefore, no subgroup analyses 
were conducted.

Association between baseline anemia and MCI over 3 y
No significant association was found between baseline anemia and 

MCI (OR = 1.39; 95% CI: 0.89, 2.18; P = 0.15). Subgroup analyses 
were not conducted, as there was no evidence of significant 
moderation by sex (P = 0.56), age (P = 0.34), or baseline iron status 
(P = 0.61) in the relationship between anemia at baseline and MCI 
over 3 y.

Sensitivity analyses
When using sex-specific quintiles of hemoglobin, the odds of MCI 

significantly decreased across quintiles, with a P value for linear trend 
of 0.04. Consistent with the main analysis, participants in higher 
quintiles generally had lower odds of MCI compared with those in the

TABLE 1
Baseline characteristics of the study population, overall and by quintile of hemoglobin levels at baseline

Quintile 1 
(89–129 g/L)

Quintile 2 
(130–136 g/L)

Quintile 3 
(137–143 g/L)

Quintile 4 
(144–149 g/L)

Quintile 5 
(150–189 g/L)

Overall

n = 414 (19.3%) n = 464 (21.6%) n = 446 (20.7%) n = 372 (17.3%) n = 454 (21.1%) N = 2150

Age (y), mean (SD) 75.9 (5.1) 74.8 (4.2) 74.7 (4.4) 74.4 (4.0) 74.9 (4.2) 74.9 (4.4)
Females, n(%) 363 (87.7) 378 (81.4) 308 (68.9) 193 (51.9) 85 (18.7) 1326 (61.7)
Current smoking, n(%) 12 (2.9) 21 (4.5) 35 (7.8) 23 (6.2) 34 (7.5) 124 (5.8)
Alcohol intake (g/d),
median (IQR)

1.6 (0.0–7.0) 3.0 (0.8–11.7) 5.1 (0.9–12.3) 5.6 (0.8–13.0) 8.5 (1.9–14.6) 5.1 (0.8–11.8)

BMI (kg/m 2 ), mean (SD) 26.4 (4.8) 25.8 (4.5) 26.2 (4.1) 26.3 (4.4) 26.8 (3.6) 26.3 (4.3)
Prior fall, n (%) 195 (47.1) 200 (43.1) 192 (43.0) 156 (41.9) 157 (34.6) 899 (41.8)
Number of comorbidities, 1

mean (SD) 
2.2 (1.7) 1.7 (1.4) 1.7 (1.3) 1.6 (1.4) 1.5 (1.2) 1.7 (1.4)

Estimated glomerular 
filtration rate 
(mL/min/1.73 m 2 ), 
mean (SD)

61.2 (12.3) 63.1 (10.4) 63.0 (9.5) 64.1 (9.8) 63.0 (9.2) 62.9 (10.3)

Vitamin B12 levels 
(ng/L), median (IQR) 

364.0 (284.0–494.0) 383-0 (296.0–492.0) 383.0 (302.0–487.0) 389.5 (317.5–502.0) 380.0 (284.5–492.5) 380.0 (295.0–4.94.0)

Iron deficiency, 2 n (%) 129 (31.5) 107 (23.3) 112 (25.2) 94 (25.3) 94 (25.3) 572 (26.8)
Use of iron supplements,

n (%)
28 (6.8) 30 (6.5) 30 (6.7) 16 (4.3) 16 (3.5) 120 (5.6)

Hemoglobin levels (g/L), 
mean (SD)

122.3 (6.5) 133.2 (2.0) 140.0 (2.1) 146.4 (1.7) 156.6 (6.5) 139.7 (12.4)

Anemia, 3 n (%) 142 (34.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 142 (6.6)
1 Self-reported number of comorbidities was assessed by the Sangha questionnaire, range 0–13.
2 Iron deficiency was defined by soluble transferrin receptor levels >28.1 nmol/L.
3 Anemia was defined as hemoglobin <130 g/L for males and <120 g/L for females.
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lowest quintile, although individual quintile comparisons did not all 
reach statistical significance (Figure 2 and Supplementary Table 3). 
When using a more conservative definition of MCI, the odds of MCI 
significantly decreased across the 5 quintiles of baseline hemoglobin 
levels, with a P value for linear trend of P = 0.009. Consistent with the 
main analysis, we found that participants included in the second, third, 
fourth, and fifth quintiles of hemoglobin levels had significantly lower 
odds of MCI over 3 y, compared with those included in the first quintile 
(Figure 3 and Supplementary Table 4). Furthermore, there was no 
significant association between baseline anemia and the odds of having 
MCI over 3 y (Supplementary Table 4). When the RCI was used to

account for practice effects, the results remained quite consistent with 
the analyses based on the 2 MoCA cutoffs. Further details are provided 
in Figures 4 and 5, and Supplementary Tables 5 and 6.

Discussion

In this study of 2150 generally healthy, community-dwelling adults 
aged 70 and older, we found that participants in the higher quintiles of 
baseline hemoglobin levels had lower odds of MCI over 3 y of follow-
up, compared with those in the lowest quintile. Notably, participants in 
the fourth quintile of hemoglobin levels (144–149 g/L) had the lowest

FIGURE 1. Association between quintiles of baseline hemoglobin levels and mild cognitive impairment over 3 y. Quintile 1 (reference): n = 414; quintile 2: n
= 464; quintile 3: n = 446; quintile 4: n = 372; quintile 5: n = 454. The model controls for age, sex, prior fall, treatment allocation, study center, and BMI 
(time-varying covariate), baseline number of comorbidities, baseline use of iron supplements, change in alcohol intake from baseline at 3 y, renal function 
(time-varying covariate), vitamin B12 levels (time-varying covariate), and baseline smoking status. P value for linear trend: P = 0.03. Error bars represent the 
95% confidence intervals around the odds ratios (dots) for mild cognitive impairment across quintiles of baseline hemoglobin levels. The dashed line at odds 
ratio = 1 indicates no association.

FIGURE 2. Association between quintiles of baseline hemoglobin levels and mild cognitive impairment over 3 y—sensitivity analysis using sex-specific 
quintiles of baseline hemoglobin levels. Quintile 1 (reference): n = 449; quintile 2: n = 393; quintile 3: n = 451; quintile 4: n = 428; quintile 5: n = 

434. The model controls for age, sex, prior fall, treatment allocation, study center, and BMI (time-varying covariate), baseline number of comorbidities, 
baseline use of iron supplements, change in alcohol intake from baseline at 3 y, renal function (time-varying covariate), vitamin B12 levels (time-varying 
covariate), and baseline smoking status. P value for linear trend: P = 0.04. Error bars represent the 95% confidence intervals around the odds ratios (dots) for 
mild cognitive impairment across quintiles of baseline hemoglobin levels. The dashed line at odds ratio = 1 indicates no association.
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odds of MCI in the main analysis. The robustness of these findings was 
supported by several sensitivity analyses that applied a more stringent 
cut-point to define MCI, accounted for potential practice effects in the 
cognitive tests, and used sex-specific hemoglobin quintiles as an 
alternative exposure definition.

Although the binary classification of anemia did not yield signifi-
cant findings in our study, examining baseline quintiles of hemoglobin 
levels revealed a robust association with MCI, aligning more closely 
with recent studies. In a longitudinal study of 10,918 Chinese

community-dwelling adults aged 45 y or older, Qin et al. [38] iden-
tified a linear relationship between hemoglobin concentration and 
global cognitive function, with higher hemoglobin levels linked to 
better cognitive performance over 2 y of follow-up. Of note, the au-
thors did not find any sex-specific differences in this association. 
Similarly, Trevisan et al. [28] in a study of 3099 Italian 
community-dwelling older adults aged 65 y and older, reported a 37% 

higher risk of cognitive impairment in individuals in the lowest tertile 
of hemoglobin levels. Notably, this association was significant among

FIGURE 3. Association between quintiles of baseline hemoglobin levels and mild cognitive impairment over 3 y—sensitivity analysis using MoCA score 
<24. Quintile 1 (reference): n = 414; quintile 2: n = 464; quintile 3: n = 446; quintile 4: n = 372; quintile 5: n = 454. The model controls for age, sex, prior 
fall, treatment allocation, study center, and BMI (time-varying covariate), baseline number of comorbidities, baseline use of iron supplements, change in 
alcohol intake from baseline at 3 y, renal function (time-varying covariate), vitamin B12 levels (time-varying covariate), and baseline smoking status. P value 
for linear trend: P = 0.01. Error bars represent the 95% confidence intervals around the odds ratios (dots) for mild cognitive impairment across quintiles of 
baseline hemoglobin levels. The dashed line at odds ratio = 1 indicates no association. MoCA, Montreal Cognitive Assessment.

FIGURE 4. Association between quintiles of baseline hemoglobin levels and mild cognitive impairment over 3 y—sensitivity analysis using MoCA score < 
26 after adjusting for practice effects with the Reliable Change Index. Quintile 1 (reference): n = 414; quintile 2: n = 464; quintile 3: n = 446; quintile 4: n = 

372; quintile 5: n = 454. The model controls for age, sex, prior fall, treatment allocation, study center, and BMI (time-varying covariate), baseline number of 
comorbidities, baseline use of iron supplements, change in alcohol intake from baseline at 3 y, renal function (time-varying covariate), vitamin B12 levels 
(time-varying covariate), and baseline smoking status. P value for linear trend: P = 0.11. Error bars represent the 95% confidence intervals around the odds 
ratios (dots) for mild cognitive impairment across quintiles of baseline hemoglobin levels. The dashed line at odds ratio = 1 indicates no association. MoCA, 
Montreal Cognitive Assessment.
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males but not females [28]. Interestingly, our study, using quintiles 
rather than tertiles to better capture the observed nonlinear relationship 
between baseline hemoglobin levels and the odds of MCI, found no 
significant moderating role of sex, likely reflecting differences in study 
populations, confounder adjustments, and cognitive assessment tools 
(e.g., MMSE or MoCA).

From a pathophysiological point of view, the relationship between 
hemoglobin levels and MCI seems to have several plausible biological 
mechanisms. Anemia is often caused by a deficit of erythropoietin due 
to chronic kidney disease or other chronic conditions, which may 
impact erythropoiesis, where erythropoietin serves as a critical growth 
factor [39]. Animal studies demonstrated that erythropoietin mitigates 
tau protein effects and protects against β-amyloid-induced cell death, 
with erythropoietin receptors exhibiting neuroprotective properties 
[40–43]. In clinical studies, it appears that anemia may lead to inad-
equate cerebral oxygenation [13–15]. Consequently, low levels of 
hemoglobin may contribute to chronic brain hypoxia increasing risk 
for cognitive decline [13–15]. Beyond erythropoietin deficits and brain 
hypoxia, other mechanisms, such as increased oxidative stress [44] 
and chronic low-grade inflammation [45], commonly associated with 
anemia, may also play a role in cognitive decline. These pathways 
warrant further investigation in future studies.

However, the present study did not find any significant association 
between baseline anemia, defined using the WHO criteria, and MCI. 
Although the relationship between anemia as a binary exposure and 
cognitive impairment has been studied in several studies, the findings 
remain inconsistent [46]. As highlighted by systematic literature re-
views and meta-analyses, variations in study designs, sample char-
acteristics (e.g., age, income, education, geography), and adjustments 
for confounders may partly explain these discrepancies [26,27]. In our 
study, even after adjusting for a wide range of clinical and lifestyle 
potential confounders, baseline anemia, defined as hemoglobin < 130 
g/L for males and < 120 g/L for females, was not significantly asso-
ciated with the odds MCI across 3 y. This suggests that anemia as

defined by the WHO may not be used as a predictive factor for early 
cognitive decline in generally healthy older adults, such as those 
represented by the DO-HEALTH trial. In contrast, Wang et al. [46], 
recently reported, in an analysis of 207,203 UK Biobank participants 
aged 60 and over, that anemia as defined by the WHO was associated 
with faster declines in global cognition over a median follow-up of 
9.76 y. Notably, 8209 (3.96%) of those participants had anemia at 
baseline. The low prevalence of anemia (6.6%) in our study popula-
tion, which reflects the generally healthy nature of the DO-HEALTH 
population, may have limited the statistical power to detect an asso-
ciation between anemia and the odds of MCI. In addition, the 3-y 
follow-up period in DO-HEALTH may have been insufficient to 
capture the longer-term role of anemia with regard to cognitive 
decline. Furthermore, although Wang et al. [46] highlighted serum 

ferritin as a potential mechanism linking anemia and cognition, no data 
on ferritin were available in that study. In our study, baseline iron 
status did not significantly moderate the relationship between anemia 
and MCI, further underscoring the need for more research on the 
biological pathways linking anemia and cognitive outcomes.

Despite the remaining research gaps, our findings on the relation-
ship between higher hemoglobin levels and reduced odds of MCI may 
have important implications for public health and clinical practice. 
Hemoglobin measurement is one of the most commonly performed, 
simple, and cost-effective laboratory tests in primary care, hospital, 
and critical care settings [47]. Therefore, integrating hemoglobin 
assessment and optimization into broader preventive strategies could 
serve as a valuable approach to identify individuals with low hemo-
globin levels who may be at elevated risk of cognitive decline and 
dementia. Approaches to improve hemoglobin levels in older adults 
include addressing nutritional deficiencies (e.g., iron, vitamin B12, 
and folate) [48,49], managing chronic diseases that contribute to 
anemia [50], and, in selected cases, use of pharmacologic treatments 
such as erythropoiesis-stimulating agents [51]. Observational studies 
indicate that erythropoiesis-stimulating agents may enhance cognitive

FIGURE 5. Association between quintiles of baseline hemoglobin levels and mild cognitive impairment over 3 y—sensitivity analysis using MoCA score < 
24 after adjusting for practice effects with the Reliable Change Index. Quintile 1 (reference): n = 414; quintile 2: n = 464; quintile 3: n = 446; quintile 4: n = 

372; quintile 5: n = 454. The model controls for age, sex, prior fall, treatment allocation, study center, and BMI (time-varying covariate), baseline number of 
comorbidities, baseline use of iron supplements, change in alcohol intake from baseline at 3 y, renal function (time-varying covariate), vitamin B12 levels 
(time-varying covariate), and baseline smoking status. P value for linear trend: P = 0.04. Error bars represent the 95% confidence intervals around the odds 
ratios (dots) for mild cognitive impairment across quintiles of baseline hemoglobin levels. The dashed line at odds ratio = 1 indicates no association. MoCA, 
Montreal Cognitive Assessment.
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outcomes in patients with anemia [52,53]. However, intervention 
studies are necessary to confirm whether managing hemoglobin levels 
can effectively reduce cognitive impairment and delay decline in 
older adults.

The strengths of this study include its large, geographically diverse 
sample and the use of reliable, annually repeated reference-standard 
cognitive assessments. Adjusting for a wide range of confounders, 
including vitamin B12 levels and renal function, further strengthened 
the validity of the observed associations. Additionally, the use of the 
RCI accounted for potential practice effects in cognitive tests over 
time. However, several limitations must be noted.

Hemoglobin levels were measured only at baseline; future studies 
with repeated assessments could clarify whether longitudinal changes 
in hemoglobin—which are known to occur in older adults [54,55]— 

are associated prospectively with cognitive outcomes. Although our 
study included generally healthy participants from 5 European coun-
tries, the findings may not be generalizable to populations outside of 
Europe, to more ethnically diverse populations or to more frailer older 
adults. Future studies conducted in more ethnically and socioeco-
nomically diverse cohorts could help broaden the applicability of these 
findings. Additionally, as mentioned earlier, the low prevalence of 
anemia in our study population may have limited the power to identify 
a significant association between anemia and MCI. Future studies 
conducted in populations with a higher anemia burden and with longer 
follow-up periods could enhance the generalizability of findings and 
provide greater clarity on the long-term relationship between anemia 
and MCI. Lastly, due to the observational nature of this study, con-
clusions regarding causality between hemoglobin levels and cognitive 
decline cannot be inferred. Despite adjustment for a wide range of 
sociodemographic and clinical variables, residual confounding cannot 
be excluded. For example, sleep disturbances, which have been 
associated with intermittent hypoxia and cognitive outcomes [56,57], 
were not assessed in DO-HEALTH.

In conclusion, although this study does not establish causal re-
lationships, it highlights the potential importance of maintaining 
optimal hemoglobin levels for cognitive health in generally healthy 
adults aged 70 and older. These findings suggest a possible avenue for 
preventing cognitive decline and dementia in this population, although 
further research is warranted to clarify causality and underlying 
mechanisms.

Acknowledgments

We thank all the members of the DO-HEALTH Research Group 
and are grateful to the highly engaged participants from all 5 countries. 
We also thank Dr. Ang�elique Sadlon for her support during the early 
stages of the study.

Author contributions
The authors’ responsibilities were as follows – MW, JF, HAB-F: 

conceptualized and designed the study; MW: performed the data 
preparation and analysis, under the supervision of HAB-F; MW, JF, 
HAB-F: wrote first draft of the manuscript; MM, SG, AE, RWK, 
MGM: critically reviewed the manuscript; and all authors: read and 
approved the final manuscript.

Conflict of interest
HAB-F reports financial support was provided by EMPIRIS 

Foundation. The other authors declare that they have no known

competing financial interests or personal relationships that could have 
appeared to influence the work reported in this article.

Funding
We acknowledge partial funding from EMPIRIS Foundation for 

the conduct of the present study. The DO-HEALTH trial was funded 
by the Seventh Research Framework Program of the European 
Commission (grant agreement no. 278588; PI Heike A. Bischoff-
Ferrari), DNP, Roche, NESTEC, Pfizer, and Streuli. The funding/ 
supporting organizations had no role in the design and conduct of the 
study; collection, management, analysis, and interpretation of the data; 
preparation, review, or approval of the manuscript; or decision to 
submit the manuscript for publication.

Data availability
Data described in the manuscript, code book, and analytic code will 

not be made available to allow primary researchers of the DO-
HEALTH Research Group to fully exploit the dataset. The data will 
be made available to external researchers in a second step according to 
a controlled access system.

Appendix A. Supplementary data
Supplementary data to this article can be found online at https://doi. 

org/10.1016/j.ajcnut.2025.11.005.

References

[1] National Academy of Medicine, Commission for a Global Roadmap for 
Healthy Longevity, Global Roadmap for Healthy Longevity, National 
Academies Press (US), Washington, DC, 2022.

[2] T.A. Salthouse, Effects of age and ability on components of cognitive change, 
Intelligence. 41 (5) (2013) 501–511, https://doi.org/10.1016/j. 
intell.2013.07.005.

[3] E. Nichols, J.D. Steinmetz, S.E. Vollset, K. Fukutaki, J. Chalek, F. Abd-Allah, 
Estimation of the global prevalence of dementia in 2019 and forecasted 
prevalence in 2050: an analysis for the Global Burden of Disease Study 2019, 
Lancet Public Health. 7 (2) (2022) e105–e125, https://doi.org/10.1016/S2468-
2667(21)00249-8.

[4] G. Livingston, J. Huntley, K.Y. Liu, S.G. Costafreda, G. Selbæk, S. Alladi, et 
al., Dementia prevention, intervention, and care: 2024 report of the Lancet 
standing commission, Lancet. 404 (10452) (2024) 572–628, https://doi.org/ 
10.1016/S0140-6736(24)01296-0.

[5] R.C. Petersen, S. Negash, Mild cognitive impairment: an overview, CNS 
Spectr 13 (1) (2008) 45–53, https://doi.org/10.1017/s1092852900016151.

[6] R. Roberts, D.S. Knopman, Classification and epidemiology of MCI, Clin. 
Geriatr. Med. 29 (4) (2013) 753–772, https://doi.org/10.1016/j. 
cger.2013.07.003.

[7] S. Kasper, C. Bancher, A. Eckert, H. F€orstl, L. Fr€olich, J. Hort, et al., 
Management of mild cognitive impairment (MCI): the need for national and 
international guidelines, World J. Biol. Psychiatr. 21 (8) (2020) 579–594, 
https://doi.org/10.1080/15622975.2019.1696473.

[8] B. Winblad, P. Amouyel, S. Andrieu, C. Ballard, C. Brayne, H. Brodaty, et al., 
Defeating Alzheimer's disease and other dementias: a priority for European 
science and society, Lancet Neurol 15 (5) (2016) 455–532, https://doi.org/ 
10.1016/S1474-4422(16)00062-4.

[9] S.A. Eshkoor, T.A. Hamid, C.Y. Mun, C.K. Ng, Mild cognitive impairment 
and its management in older people, Clin. Interv. Aging. 10 (2015) 687–693, 
https://doi.org/10.2147/CIA.S73922.

[10] K.M. Langa, D.A. Levine, The diagnosis and management of mild cognitive 
impairment: a clinical review, JAMA 312 (23) (2014) 2551–2561, https://doi. 
org/10.1001/jama.2014.13806.

[11] S.J. Vos, F. Verhey, L. Fr€ olich, J. Kornhuber, J. Wiltfang, W. Maier, et al., 
Prevalence and prognosis of Alzheimer's disease at the mild cognitive 
impairment stage, Brain 138 (Pt 5) (2015) 1327–1338, https://doi.org/10.1093/ 
brain/awv029.

[12] B.C.M. Stephan, L. Cochrane, A.H. Kafadar, J. Brain, E. Burton, B. Myers, et 
al., Population attributable fractions of modifiable risk factors for dementia: a

M. Wieczorek et al. The American Journal of Clinical Nutrition xxx (xxxx) xxx

7

https://doi.org/10.1016/j.ajcnut.2025.11.005
https://doi.org/10.1016/j.ajcnut.2025.11.005
http://refhub.elsevier.com/S0002-9165(25)00672-0/sref1
http://refhub.elsevier.com/S0002-9165(25)00672-0/sref1
http://refhub.elsevier.com/S0002-9165(25)00672-0/sref1
https://doi.org/10.1016/j.intell.2013.07.005
https://doi.org/10.1016/j.intell.2013.07.005
https://doi.org/10.1016/S2468%2D2667%2821%2900249%2D8
https://doi.org/10.1016/S2468%2D2667%2821%2900249%2D8
https://doi.org/10.1016/S0140%2D6736%2824%2901296%2D0
https://doi.org/10.1016/S0140%2D6736%2824%2901296%2D0
https://doi.org/10.1017/s1092852900016151
https://doi.org/10.1016/j.cger.2013.07.003
https://doi.org/10.1016/j.cger.2013.07.003
https://doi.org/10.1080/15622975.2019.1696473
https://doi.org/10.1016/S1474%2D4422%2816%2900062%2D4
https://doi.org/10.1016/S1474%2D4422%2816%2900062%2D4
https://doi.org/10.2147/CIA.S73922
https://doi.org/10.1001/jama.2014.13806
https://doi.org/10.1001/jama.2014.13806
https://doi.org/10.1093/brain/awv029
https://doi.org/10.1093/brain/awv029


systematic review and meta-analysis, Lancet Health, Longev. 5 (6) (2024) 
e406–e421, https://doi.org/10.1016/s2666-7568(24)00061-8.

[13] G.M. Hare, Anaemia and the brain, Curr. Opin. Anaesthesiol. 17 (5) (2004) 
363–369, https://doi.org/10.1097/00001503-200410000-00003.

[14] R.F. Gottesman, J. Sojkova, L.L. Beason-Held, Y. An, D.L. Longo,
L. Ferrucci, et al., Patterns of regional cerebral blood flow associated with low 
hemoglobin in the Baltimore Longitudinal Study of Aging, J. Gerontol. A Biol. 
Sci. Med. Sci. 67 (9) (2012) 963–969, https://doi.org/10.1093/gerona/gls121.

[15] S.J. Son, K.S. Lee, D.L. Na, S.W. Seo, C.H. Kim, J.H. Kim, et al., The effect 
of anemia and white matter hyperintensities (WMH) on cognitive impairment 
in patients with amnestic mild cognitive impairment (MCI), Arch. Gerontol. 
Geriatr. 55 (2) (2012) 251–256, https://doi.org/10.1016/j.archger.2011.10.015.

[16] L. Eisele, J. Dürig, M. Broecker-Preuss, U. Dührsen, B. Bokhof, R. Erbel, et 
al., Group HNRSI. Prevalence and incidence of anemia in the German Heinz 
Nixdorf Recall Study, Ann. Hematol. 92 (6) (2013) 731–737, https://doi.org/ 
10.1007/s00277-013-1697-1.

[17] H. Gaskell, S. Derry, R. Andrew Moore, H.J. McQuay, Prevalence of anaemia 
in older persons: systematic review, BMC Geriatr 8 (2008) 1, https://doi.org/ 
10.1186/1471-2318-8-1.

[18] S.D. Denny, M.N. Kuchibhatla, H.J. Cohen, Impact of anemia on mortality, 
cognition, and function in community-dwelling elderly, Am. J. Med. 119 (4) 
(2006) 327–334, https://doi.org/10.1016/j.amjmed.2005.08.027.

[19] K.V. Patel, T.B. Harris, M. Faulhaber, S.B. Angleman, S. Connelly, D. 
C. Bauer, et al., Racial variation in the relationship of anemia with mortality 
and mobility disability among older adults, Blood 109 (11) (2007) 4663–4670, 
https://doi.org/10.1182/blood-2006-10-055384.

[20] N.A. Zakai, R. Katz, C. Hirsch, M.G. Shlipak, P.H. Chaves, A.B. Newman, et 
al., A prospective study of anemia status, hemoglobin concentration, and 
mortality in an elderly cohort: the Cardiovascular Health Study, Arch. Intern. 
Med. 165 (19) (2005) 2214–2220, https://doi.org/10.1001/ 
archinte.165.19.2214.

[21] J.M. Guralnik, R.S. Eisenstaedt, L. Ferrucci, H.G. Klein, R.C. Woodman, 
Prevalence of anemia in persons 65 years and older in the United States: 
evidence for a high rate of unexplained anemia, Blood 104 (8) (2004) 
2263–2268, https://doi.org/10.1182/blood-2004-05-1812.

[22] M.E. Salive, J. Cornoni-Huntley, J.M. Guralnik, C.L. Phillips, R.B. Wallace, 
A.M. Ostfeld, et al., Anemia and hemoglobin levels in older persons: 
relationship with age, gender, and health status, J. Am. Geriatr. Soc. 40 (5) 
(1992) 489–496, https://doi.org/10.1111/j.1532-5415.1992.tb02017.x.

[23] E. Riva, M. Tettamanti, P. Mosconi, G. Apolone, F. Gandini, A. Nobili, et al., 
Association of mild anemia with hospitalization and mortality in the elderly: 
the Health and Anemia population-based study, Haematologica 94 (1) (2009) 
22–28, https://doi.org/10.3324/haematol.13449.

[24] C. Begh�e, A. Wilson, W.B. Ershler, Prevalence and outcomes of anemia in 
geriatrics: a systematic review of the literature, Am. J. Med. 116 (Suppl 7A) 
(2004) 3S–10S, https://doi.org/10.1016/j.amjmed.2003.12.009.

[25] GBD 2017 Disease and Injury Incidence and Prevalence Collaborators, 
Global, regional, and national incidence, prevalence, and years lived with 
disability for 354 diseases and injuries for 195 countries and territories, 1990-
2017: a systematic analysis for the Global Burden of Disease Study 2017, 
Lancet 392 (10159) (2018) 1789–1858, https://doi.org/10.1016/s0140-6736 
(18)32279-7.

[26] H.B. Kim, B. Park, J.Y. Shim, Anemia in association with cognitive 
impairment: a systematic review and meta-analysis, J. Alzheimers Dis. 72 (3)
(2019) 803–814, https://doi.org/10.3233/jad-190521.

[27] W.M. Kung, S.P. Yuan, M.S. Lin, C.C. Wu, M.M. Islam, S. Atique, et al., 
Anemia and the risk of cognitive impairment: an updated systematic review 
and meta-analysis, Brain Sci 11 (6) (2021) 777, https://doi.org/10.3390/ 
brainsci11060777.

[28] C. Trevisan, N. Veronese, F. Bolzetta, M. De Rui, S. Maggi, S. Zambon, et al., 
Low hemoglobin levels and the onset of cognitive impairment in older people: 
The PRO.V.A. study, Rejuvenation Res 19 (6) (2016) 447–455, https://doi.org/ 
10.1089/rej.2015.1768.

[29] H.A. Bischoff-Ferrari, C. de Godoi Rezende Costa Molino, S. Rival, B. Vellas, 
R. Rizzoli, R.W. Kressig, et al., DO-HEALTH: Vitamin D3 - Omega-3 - 
Home exercise - Healthy aging and longevity trial - Design of a multinational 
clinical trial on healthy aging among European seniors, Contemp. Clin. Trials. 
100 (2020) 106124, https://doi.org/10.1016/j.cct.2020.106124.

[30] H.A. Bischoff-Ferrari, B. Vellas, R. Rizzoli, R.W. Kressig, J.A.P. da Silva,
M. Blauth, et al., Effect of vitamin D supplementation, omega-3 fatty acid 
supplementation, or a strength-training exercise program on clinical outcomes 
in older adults: the DO-HEALTH randomized clinical trial, JAMA 324 (18)
(2020) 1855–1868, https://doi.org/10.1001/jama.2020.16909.

[31] Z.S. Nasreddine, N.A. Phillips, V. B�edirian, S. Charbonneau, V. Whitehead,
I. Collin, et al., The Montreal Cognitive Assessment, MoCA: a brief screening

tool for mild cognitive impairment, J. Am. Geriatr. Soc. 53 (4) (2005) 
695–699, https://doi.org/10.1111/j.1532-5415.2005.53221.x.

[32] A.E. Thomann, M. Berres, N. Goettel, L.A. Steiner, A.U. Monsch, Enhanced 
diagnostic accuracy for neurocognitive disorders: a revised cut-off approach 
for the Montreal Cognitive Assessment, Alzheimers Res Ther 12 (1) (2020) 
39, https://doi.org/10.1186/s13195-020-00603-8.

[33] R. Sager, S. Gaengler, W.C. Willett, E.J. Orav, M. Mattle, J. Habermann, et 
al., Adherence to the MIND diet and the odds of mild cognitive impairment in 
generally healthy older adults: the 3-year DO-HEALTH study, J. Nutr. Health 
Aging 28 (3) (2024) 100034, https://doi.org/10.1016/j.jnha.2023.100034.

[34] G.J. Chelune, R.I. Naugle, H. Lüders, J. Sedlak, I.A. Awad, Individual change 
after epilepsy surgery: practice effects and base-rate information, 
Neuropsychology 7 (1) (1993) 41.

[35] World Health Organization, Haemoglobin concentrations for the diagnosis of 
anaemia and assessment of severity [Internet], 2011 [cited: 12/12/2024]; 
Available from: https://www.who.int/publications/i/item/WHO-NMH-NHD-
MNM-11.1.

[36] P.O. Chocano-Bedoya, H.A. Bischoff-Ferrari, DO-HEALTH: Vitamin D3-
Omega-3-Home Exercise-Healthy Aging and Longevity Trial—Dietary 
Patterns in Five European Countries, in: C.M. Weaver, H. Bischoff-Ferrari, R.
M. Daly, M-S. Wong (Eds.), Nutritional Influences on Bone Health: 10th 
International Symposium, Springer International Publishing, Cham, 2019, 
pp. 3–10.

[37] O. Sangha, G. Stucki, M.H. Liang, A.H. Fossel, J.N. Katz, The self-
administered comorbidity questionnaire: a new method to assess comorbidity 
for clinical and health services research, Arthritis Rheum 49 (2) (2003) 
156–163, https://doi.org/10.1002/art.10993.

[38] T. Qin, M. Yan, Z. Fu, Y. Song, W. Lu, A. Fu, et al., Association between 
anemia and cognitive decline among Chinese middle-aged and elderly: 
evidence from the China Health and Retirement Longitudinal Study, BMC 
Geriatr 19 (1) (2019) 305, https://doi.org/10.1186/s12877-019-1308-7.

[39] A. Andreev, B. Erdinc, K. Shivaraj, J. Schmutz, O. Levochkina, D. Bhowmik, 
et al., The association between anemia of chronic inflammation and 
Alzheimer's disease and related dementias, J. Alzheimers Dis. Rep. 4 (1)
(2020) 379–391, https://doi.org/10.3233/ADR-200178.

[40] M.I. Assaraf, Z. Diaz, A. Liberman, W.H. Miller, Z. Arvanitakis, Y. Li, et al., 
Brain erythropoietin receptor expression in Alzheimer disease and mild 
cognitive impairment, J. Neuropathol, Exp. Neurol. 66 (5) (2007) 389–398, 
https://doi.org/10.1097/nen.0b013e3180517b28.

[41] M. Hasselblatt, H. Ehrenreich, A.L. Sir�en, The brain erythropoietin system and 
its potential for therapeutic exploitation in brain disease, J. Neurosurg. 
Anesthesiol. 18 (2) (2006) 132–138, https://doi.org/10.1097/00008506-
200604000-00007.

[42] G. Li, R. Ma, C. Huang, Q. Tang, Q. Fu, H. Liu, et al., Protective effect of 
erythropoietin on beta-amyloid-induced PC12 cell death through antioxidant 
mechanisms, Neurosci. Lett. 442 (2) (2008) 143–147, https://doi.org/10.1016/ 
j.neulet.2008.07.007.

[43] Z.K. Sun, H.Q. Yang, J. Pan, H. Zhen, Z.Q. Wang, S.D. Chen, et al., Protective 
effects of erythropoietin on tau phosphorylation induced by beta-amyloid,
J. Neurosci. Res. 86 (13) (2008) 3018–3027, https://doi.org/10.1002/jnr.21745.

[44] K.J. Barnham, C.L. Masters, A.I. Bush, Neurodegenerative diseases and 
oxidative stress, Nat. Rev. Drug Discov. 3 (3) (2004) 205–214, https://doi.org/ 
10.1038/nrd1330.

[45] J.J. Hoozemans, A.J. Rozemuller, E.S. van Haastert, P. Eikelenboom, W.
A. van Gool, Neuroinflammation in Alzheimer's disease wanes with age,
J. Neuroinflammation 8 (2011) 171, https://doi.org/10.1186/1742-2094-8-171.

[46] J. Wang, C. Wang, X. Li, J. Guo, A. Dove, Z. Cui, et al., Association of 
anemia with cognitive function and dementia among older adults: the role of 
inflammation, J. Alzheimers Dis. 96 (1) (2023) 125–134, https://doi.org/ 
10.3233/jad-230483.

[47] M.N. Garcia-Casal, S.R. Pasricha, A.J. Sharma, J.P. Pe~na-Rosas, Use and 
interpretation of hemoglobin concentrations for assessing anemia status in 
individuals and populations: results from a WHO technical meeting, Ann. N.
Y. Acad. Sci. 1450 (1) (2019) 5–14, https://doi.org/10.1111/nyas.14090.

[48] C.I. Oyedeji, A.S. Artz, H.J. Cohen, How I treat anemia in older adults, Blood 
143 (3) (2024) 205–213, https://doi.org/10.1182/blood.2022017626.

[49] V.E. Bianchi, Role of nutrition on anemia in elderly, Clin. Nutr. ESPEN 11 
(2016) e1–e11, https://doi.org/10.1016/j.clnesp.2015.09.003.

[50] E. Wacka, J. Nicikowski, P. Jarmuzek, A. Zembron-Lacny, Anemia and its 
connections to inflammation in older adults: a review, J. Clin. Med. 13 (7) 
(2024) 2049, https://doi.org/10.3390/jcm13072049.

[51] Z. Gowanlock, S. Sriram, A. Martin, A. Xenocostas, A. Lazo-Langner, 
Erythropoiesis-stimulating agents in elderly patients with anemia: response 
and cardiovascular outcomes, Blood Adv 1 (19) (2017) 1538–1545, https://doi. 
org/10.1182/bloodadvances.2017007559.

M. Wieczorek et al. The American Journal of Clinical Nutrition xxx (xxxx) xxx

8

https://doi.org/10.1016/s2666%2D7568%2824%2900061%2D8
https://doi.org/10.1097/00001503%2D200410000%2D00003
https://doi.org/10.1093/gerona/gls121
https://doi.org/10.1016/j.archger.2011.10.015
https://doi.org/10.1007/s00277%2D013%2D1697%2D1
https://doi.org/10.1007/s00277%2D013%2D1697%2D1
https://doi.org/10.1186/1471%2D2318%2D8%2D1
https://doi.org/10.1186/1471%2D2318%2D8%2D1
https://doi.org/10.1016/j.amjmed.2005.08.027
https://doi.org/10.1182/blood%2D2006%2D10%2D055384
https://doi.org/10.1001/archinte.165.19.2214
https://doi.org/10.1001/archinte.165.19.2214
https://doi.org/10.1182/blood%2D2004%2D05%2D1812
https://doi.org/10.1111/j.1532%2D5415.1992.tb02017.x
https://doi.org/10.3324/haematol.13449
https://doi.org/10.1016/j.amjmed.2003.12.009
https://doi.org/10.1016/s0140%2D6736%2818%2932279%2D7
https://doi.org/10.1016/s0140%2D6736%2818%2932279%2D7
https://doi.org/10.3233/jad%2D190521
https://doi.org/10.3390/brainsci11060777
https://doi.org/10.3390/brainsci11060777
https://doi.org/10.1089/rej.2015.1768
https://doi.org/10.1089/rej.2015.1768
https://doi.org/10.1016/j.cct.2020.106124
https://doi.org/10.1001/jama.2020.16909
https://doi.org/10.1111/j.1532%2D5415.2005.53221.x
https://doi.org/10.1186/s13195%2D020%2D00603%2D8
https://doi.org/10.1016/j.jnha.2023.100034
http://refhub.elsevier.com/S0002-9165(25)00672-0/sref34
http://refhub.elsevier.com/S0002-9165(25)00672-0/sref34
http://refhub.elsevier.com/S0002-9165(25)00672-0/sref34
https://www.who.int/publications/i/item/WHO-NMH-NHD-MNM-11.1
https://www.who.int/publications/i/item/WHO-NMH-NHD-MNM-11.1
http://refhub.elsevier.com/S0002-9165(25)00672-0/sref36
http://refhub.elsevier.com/S0002-9165(25)00672-0/sref36
http://refhub.elsevier.com/S0002-9165(25)00672-0/sref36
http://refhub.elsevier.com/S0002-9165(25)00672-0/sref36
http://refhub.elsevier.com/S0002-9165(25)00672-0/sref36
http://refhub.elsevier.com/S0002-9165(25)00672-0/sref36
https://doi.org/10.1002/art.10993
https://doi.org/10.1186/s12877%2D019%2D1308%2D7
https://doi.org/10.3233/ADR%2D200178
https://doi.org/10.1097/nen.0b013e3180517b28
https://doi.org/10.1097/00008506%2D200604000%2D00007
https://doi.org/10.1097/00008506%2D200604000%2D00007
https://doi.org/10.1016/j.neulet.2008.07.007
https://doi.org/10.1016/j.neulet.2008.07.007
https://doi.org/10.1002/jnr.21745
https://doi.org/10.1038/nrd1330
https://doi.org/10.1038/nrd1330
https://doi.org/10.1186/1742%2D2094%2D8%2D171
https://doi.org/10.3233/jad%2D230483
https://doi.org/10.3233/jad%2D230483
https://doi.org/10.1111/nyas.14090
https://doi.org/10.1182/blood.2022017626
https://doi.org/10.1016/j.clnesp.2015.09.003
https://doi.org/10.3390/jcm13072049
https://doi.org/10.1182/bloodadvances.2017007559
https://doi.org/10.1182/bloodadvances.2017007559


[52] E. Massa, C. Madeddu, M.R. Lusso, G. Gramignano, G. Mantovani, 
Evaluation of the effectiveness of treatment with erythropoietin on anemia, 
cognitive functioning and functions studied by comprehensive geriatric 
assessment in elderly cancer patients with anemia related to cancer 
chemotherapy, Crit. Rev. Oncol. Hematol. 57 (2) (2006) 175–182, https://doi. 
org/10.1016/j.critrevonc.2005.06.001.

[53] R. Castelli, G.L. Deliliers, R. Colombo, G. Moreo, P. Gallipoli, G. Pantaleo, 
Biosimilar epoetin in elderly patients with low-risk myelodysplastic 
syndromes improves anemia, quality of life, and brain function, Ann. 
Hematol. 93 (9) (2014) 1523–1529, https://doi.org/10.1007/s00277-014-
2070-8.

[54] M. Tettamanti, U. Lucca, F. Gandini, A. Recchia, P. Mosconi, G. Apolone, et 
al., Prevalence, incidence and types of mild anemia in the elderly: the "Health

and Anemia" population-based study, Haematologica 95 (11) (2010) 
1849–1856, https://doi.org/10.3324/haematol.2010.023101.

[55] M. Bertolotti, T. Pirotti, G.I. Castellani Tarabini, G. Lancellotti, M. Cuccorese, 
T. Trenti, et al., Modifications in hemoglobin levels associated with age in an 
outpatient population from northern Italy, Sci. Rep. 15 (1) (2025) 8960, https:// 
doi.org/10.1038/s41598-025-92363-4.

[56] R.F. Gottesman, P.L. Lutsey, H. Benveniste, D.L. Brown, K.M. Full, J.- 
M. Lee, et al., Impact of sleep disorders and disturbed sleep on brain health: a 
scientific statement from the American Heart Association, Stroke. 55 (3) 
(2024) e61–e76, https://doi.org/10.1161/STR.0000000000000453.

[57] G. Bergamo, C. Liguori, Are sleep disturbances modifiable risk factors for 
mild cognitive impairment and dementia? A systematic review of large studies, 
Sleep Breath. 29 (4) (2025) 269, https://doi.org/10.1007/s11325-025-03421-0.

M. Wieczorek et al. The American Journal of Clinical Nutrition xxx (xxxx) xxx

9

https://doi.org/10.1016/j.critrevonc.2005.06.001
https://doi.org/10.1016/j.critrevonc.2005.06.001
https://doi.org/10.1007/s00277%2D014%2D2070%2D8
https://doi.org/10.1007/s00277%2D014%2D2070%2D8
https://doi.org/10.3324/haematol.2010.023101
https://doi.org/10.1038/s41598%2D025%2D92363%2D4
https://doi.org/10.1038/s41598%2D025%2D92363%2D4
https://doi.org/10.1161/STR.0000000000000453
https://doi.org/10.1007/s11325%2D025%2D03421%2D0

	Association between hemoglobin levels and mild cognitive impairment in generally healthy European community-dwelling older  ...
	Introduction
	Methods
	Participants and study design
	Outcomes
	Exposures
	Baseline and time-varying covariates
	Statistical analysis

	Results
	Baseline characteristics of the study population
	Association between baseline hemoglobin levels and MCI over 3 y
	Association between baseline anemia and MCI over 3 y
	Sensitivity analyses

	Discussion
	flink5
	slink10
	slink11
	slink12
	slink13
	slink14

	References


