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ABSTRACT  

Objectives: The objective of this study was to investigate associations between anemia with 

geriatric syndromes and comprehensive geriatric assessment (CGA) parameters in older 

women. To achieve this objective the present study aimed to determine the clinical implications 

and importance of anemia in geriatric practice. 

Methods: 886 older outpatient women were included in this cross-sectional study. Anemia was 

defined as a hemoglobin concentration below 12 g/dL. Using this cut point patients were 

divided into two groups as anemic and non-anemic. The relationships between anemia and CGA 

parameters/geriatric syndromes were determined. 

Results: The mean age of the participants was 76.00 ±8.91.  The prevalence of patients with 

anemia was 15.35%. There was a significant difference between anemic and non-anemic groups 

in terms of age, Charlson Comorbidity Index, body mass index, the number of drugs used, and 

the presence of chronic renal failure (p< 0.05). After adjustment for these covariates, anemia 

was associated with Timed Up and Go test (OR: 1.10, 95% CI: 1.02-1.18), muscle strength 

(OR: 0.99, 95% CI: 0.83-0.99), dynapenia (OR: 1.92, 95% CI: 1.06-3.47), Mini Nutritional 

Assessment scores (OR: 0.88, 95% CI: 0.83-0.94), poor nutritional status (OR: 1.97, 95% CI: 

1.10-3.48), Fried scores (OR: 1.42, 95% CI: 1.24-1.68), frailty (OR: 2.58, 95% CI: 1.42-4.69), 

falls (OR: 1.78, 95% CI: 1.10-2.92), and polypharmacy (OR: 2.31, 95% CI: 1.38-3.86). 

Conclusion: In the present study anemia was associated with frailty, polypharmacy, poor 

nutritional status, falls, and decreased muscle strength. Therefore, anemia may be a sign of poor 

health status in older women. When anemia is detected in an older woman, CGA should be 

strongly considered if not routinely performed. 

 

Keywords: Anemia, dynapenia, falls, frailty, nutrition, older women, polypharmacy 

 

 

 

 

 



1. INTRODUCTION 

According to The World Health Organization (WHO) anemia may be defined as a decrease in 

the number of erythrocytes as well as a decrease in hemoglobin concentrations below 12g/dL 

in women and 13g/dL in men regardless of age, ethnicity, etiology, residential-area and co-

morbid disease (1). Anemia may arise from multiple conditions/ complications, including, for 

example, iron deficiency, vitamin B12 and folate deficiency, chronic kidney disease (CKD), 

inflammatory processes, and bone marrow failure conditions (e.g. myelodysplastic syndrome, 

or clonal cytopenia of indeterminate significance) that usually develop in older adults (2).  In 

addition to  well-known causes of anemia (e.g. decreased erythropoietin (EPO) secretion, 

decreased response to EPO and increased comorbid diseases) in older adults, absorption defects 

of structural elements of hemoglobin such as iron and cobalamin from the stomach and 

intestines due to polypharmacy, drug-related malabsorptive deficiencies (metformin, vitamin 

B12 preparations and calcium, iron preparations) and conditions that trigger autoimmune 

hemolysis may contribute to the development of anemia (3,4). 

The prevalence of anemia ranges from 2.9% to 61% in older men and 3.3% to 41% in older 

women (5). Factors that contribute to the variation in the prevalence include comorbid diseases, 

regions where individuals reside, hospitalization status, and nursing home residence status (5). 

For patients, anemia may cause serious economic and socio-cultural problems such as 

withdrawal from functional-social life, and depressive symptoms (6). Anemia can present with 

relatively mild symptoms such as weakness, fatigue, lack of attention, palpitations, dizziness, 

and dyspnea (3,5). However, it may also present with more severe symptoms including, for 

example, falls, cognitive dysfunction, aggravation of congestive heart failure, and also mortality 

(3,5,6). Importantly as the severity of anemia increases the severity of the symptoms are also 

more likely to increase (7). 

Geriatric syndromes are multifactorial, have multiple negative clinical results, often occur with 

atypical presentations, and the frequency of these syndromes increases with age (8).  Recent 

studies focusing on  the multiple causes of anemia and the multiple presentations has raised the 

question "Is anemia a geriatric syndrome?" (9).  In addition, anemia is included in the Geriatric 

Comorbidity Index and has been identified as the most accurate predictor of mortality in 

hospitalized older adults (10). Considering the above, anemia is of clear importance in geriatric 

practice. However, the clinical implications are not well known.  



Therefore, the present study aimed to determine the relationship between anemia and geriatric 

assessment parameters in older women. Only older women were included in this study owing 

to hormonal, socioeconomic and anthropometric differences between the genders that could 

affect the development, diagnosis, and frequency of both anemia and geriatric syndromes/ 

comprehensive geriatric assessment parameters (11).  

2. METHODS 

2.1. Patients: 1392 patients who applied to one geriatric outpatient clinic in Turkey and 

underwent comprehensive geriatric assessment (CGA). 

2.2. Inclusion/Exclusion criteria: All patients aged 65 and over who applied to the geriatric 

outpatient clinic for any reason were included in the study. Older men, those with acute bleeding 

such as massive hematuria, hematochesia, melena, hematemesis or intra-abdominal bleeding, 

patients with moderate and severe dementia, patients who cannot undergo CGA due to their 

current clinical condition (e.g. delirium), patients who cannot walk with an assistive device, 

those with localized muscle strength reduction due to stroke, those with severe visual and 

hearing impairments that prevent communication and understanding of commands during 

examination, those who refuse to participate, those with terminal disease (e.g. cancer), and those 

who were hospitalized for a life-threatening illness or major surgery in the last 6 months were 

not included in the study. As a result, 886 patients were available for study analysis. 

2.3. Comprehensive Geriatric Assessment (8,12,13): Patients’ age, gender, education level, 

and comorbidities were recorded. In addition, comorbidity status of the patients was evaluated 

using the Charlson Comorbidity Index (CCI). All the participants underwent the CGA including 

Mini-Mental State Examination (MMSE), Geriatric Depression Scale-15 for neurocognitive 

evaluation, Basic and Instrumental Activities of Daily Living (BADL and IADL) for functional 

evaluation, Tinetti Performance-Oriented Assessment of Mobility (POMA) and Timed Up and 

Go Test (TUG) for mobility evaluation. Mini Nutritional Assessment (MNA) was performed 

in all patients to detect nutritional status. If the total MNA score was > 23.5 and ≤23.5, the 

patient was categorised as “well nourished” and “poor nutritional status”, respectively. While 

the number of drugs used by the patients was recorded, the drugs and their sub-groups were not 

recorded in detail. Using five or more drugs was considered as polypharmacy. Urinary 

incontinence was defined as involuntary urinary leakage in the last 3 months except for urinary 

tract infection. Repeated falls were considered positive if the patient had fallen at least twice in 

the previous year except for slipping on a carpet or on wet ground. (9). Depression was 



diagnosed using the geriatric depression scale-15 (GDS-15). A score of ≥5 on the GDS-15 was 

considered as depression (14). MMSE scores < 24 was considered as cognitive impairment 

(15).  

Handgrip test of the dominant hand (mean of 3 measurements) was measured by a Jamar hand-

grip dynamometer. Dynapenia was defined as handgrip strength <16 kg (16). Frailty status was 

defined based on the 5 dimensions of frailty phenotype, including shrinking, exhaustion, low 

levels of physical activity, weakness, and slowness. Patients without any criteria were 

considered those with  1-2 criteria and ≥3 criteria were considered  prefrail and  frail, 

respectively (17,18). 

2.4. Laboratory Findings: Laboratory tests were performed to evaluate inflammatory markers, 

the biochemical, metabolic and nutritional status of the patients, complete blood count, kidney 

and liver functions, thyroid stimulating hormone, HbA1c and iron levels, iron binding capacity 

(IBC), ferritin, vitamin B12, folic acid and vitamin D (25-hydroxia D3). Creatinine clearance 

from the kidney was estimated by the glomerular filtration rate (GFR) calculated using the 

chronic Renal Disease Epidemiology Collaborative (CKD-EPI) equation. Chronic Renal 

Failure (CRF) is defined as kidney damage or estimated GFR below 60 ml / min / 1.73 m². 

Anemia was defined as hemoglobin concentrations below 12 g/dL in women. According to this 

definition, the patients were divided into two groups as anemic and non-anemic (3). 

2.5. Statistical Analyses: Data were analysed using SPSS, version 22. Descriptive statistics are 

shown as mean±standard deviation. When the group number was 2, the significance of 

differences between the groups in terms of averages was investigated by t test, and if in median 

values, it was investigated by Mann-Whitney test. Multiple Logistic regression was used to 

assess the association between anemic and non-anemic groups with regard to CGA parameters 

after adjustment for age, number of drugs, CCI, body mass index, CRF, GFR, albumin, C-

reactive Protein (CRP), Erythrocyte Sedimentation Rate (ESR), and Neutrophil/Lymphocyte 

ratio (NLR). A P <0.05 was considered as statistically significant. The sample size needed was 

calculated to be at least 263 patients with an acceptable error of 5% and a 95% confidence 

interval.   

3. RESULTS 

The mean age of the sample (n=886) was 76.00 ±8.91.  The prevalence of patients with anemia 

was 15.35% (n=133). The patients’ characteristics, comorbidities, laboratory findings and 



geriatric syndromes/CGA parameters are summarized in Table 1. A significant difference was 

observed between anemic and non-anemic groups in terms of age, CCI, body mass index, the 

number of drugs used, and the presence of CRF (p<0.05). There was no difference between the 

two groups in terms of education and other comorbidities (p>0.05) (Table 1). 

Numerous laboratory parameters differed between groups with and without anemia. While 

MCV, iron and GFR were lower in the group with anemia, red cell distribution width, IBC and 

all inflammatory markers (CRP, ESR and NLR) were higher. The frequency of frailty and 

prefrailty was 28.9% and 36.1%, respectively. All CGA parameters were more negatively 

affected, and with the exception of urinary incontinence, geriatric syndomes were common in 

patients with anemia compared to those without anemia (Table 1). 

Insert table 1 here 

Even after adjustment for age, education, CCI, body mass index, the number of drugs used, and 

the presence of CRF and CRP, ESR ve Neutrophil/Lymphocyte ratio, in the multiple logistic 

regression analysis, anemia was associated with TUG time (OR: 1.10, 95% CI: 1.02-1.18), 

muscle Strength (OR: 0.99, 95% CI: 0.83-0.99), dynapenia (OR: 1.92, 95% CI: 1.06-3.47), 

MNA scores (OR: 0.88, 95% CI: 0.83-0.94), poor nutritional status (OR: 1.97, 95% CI: 1.10-

3.48), Fried scores (OR: 1.42, 95% CI: 1.24-1.68), frailty (OR: 2.58, 95% CI: 1.42-4.69), falls 

(OR: 1.78, 95% CI: 1.10-2.92), and polypharmacy (OR: 2.31, 95% CI: 1.38-3.86) (Table 2). 

Insert table 2 here 

4. DISCUSSION 

This study investigated the interrelation between anemia and comprehensive geriatric 

assessment parameters/geriatric syndromes, and found that anemia in older women was 

associated with frailty, muscle strength loss, poor nutritional status, polypharmacy and falls. 

Anemia in older adults, as in other age groups, mostly develops due to multifactorial situations. 

The most common causes of anemia are the supression of erythropoiesis triggered by chronic 

inflammation (chronic infections, inflammatory processes, malignancies) together with 

nutritional (iron, vitamin B12 and folate) deficiencies (3). However, despite all examinations, 

the cause cannot be determined in approximately 14% to 50%  of older adults with anemia 

(2,19). In the present study anemia as determined by WHO (hemoglobin level below 12 g/dl) 

was found in 133 of 886 patients (15.35%) (20). Anemia prevalance independent of etiology 



determined in this study is consistent with varying prevalence data from other studies (5,21,22). 

In a review by Beghe et al., the prevalance of anemia among geriatric women was found to 

range from 3.3% to 41% (5). In another study, Son et al.  showed the prevalence of anemia was 

14.90% in 41,063 older women (21). Although the prevalence of anemia of 15.35% in our study 

is consistent with the review by Beghe et al. and with the study of Son et al. it is considerably 

lower than the prevalence (41%) reported in one other study by Bird and colleagues (22). The 

discrepancy may be due to the hospitalization of all participants in the Bird et al study, as well 

as sociocultural and habitat (especially in terms of altitude) differences (22). 

This study showed that neither vitamin B12 nor folate levels differ between anemic and non-

anemic populations, but the underlying iron deficiency occurred based on serum iron and 

IBC. The ferritin levels differ only somewhat, due to the effect of inflammatory factors, 

supported by the data on CRP and MCV. Therefore, it may be concluded that most of the study 

patients suffered from a functional iron deficiency. The IBC is only 10% in the anaemic cohort. 

This may be partially explained by the gender of the study population (3,23). There are studies 

that determine the correlation between iron deficiency and fatigue / low muscle strength, with 

or without anemia (24). In addition, there are studies investigating the relationship between iron 

deficiency and cognitive impairment independent of hemoglobin level and revealing the direct 

relationship of iron deficiency with dementia (low MMSE score) (25). The statistically 

significantly different results in CGA parameters in anemic older women identified in the 

present study, may be owing  to anemia and iron deficiency. In order to understand whether the 

deterioration in CGA parameters is caused by anemia itself, iron deficiency or inflammation, 

prospectively designed studies that re-evaluate CGA parameters after iron and anti-

inflammatory therapy and compare them with the initial results are needed.  

        In the present study, it was found that the risk of frailty in women with anemia was 2.5 

times higher than those without anemia. Frailty can be defined as the increment of 

defencelessness to poor resolution of homeostasis after a trigger event (26). Chronic 

inflammation may be responsible for the development of both frailty (by negatively affecting 

homeostasis) and anemia which may explain why these variables are associated (26,27).  In this 

study, the higher levels of ESR, CRP and NLR in those with anemia than in those without 

anemia indicate that anemia may be associated with inflammation. Indeed, in a recent meta-

analysis a reciprocal relationship of frailty with inflammation was observed (26). However, in 

the present study the relationship between anemia and frailty, and between key components of 

frailty, such as prolonged TUG or dynapenia, persisted after adjustment for inflammatory 



markers, suggesting that other factors may be contributing to this relationship. Anemia-induced 

hypoxia is a crucial factor for cellular functions in all organs, particularly the brain and skeletal 

muscles, and this can result in any component of frailty, such as fatigue, weakness, and impaired 

physical activity (27–29). Therefore, anemic people may be potentially less active, with 

sedentary lifestyles leading to function and strength loss. Our finding is in accordance with 

literature. For example, one of previous studies found that an increase in one point of 

hemoglobin concentration was associated with a 14% reduction in the risk of becoming frail in 

older adults (29). In another study, Cecchi et al. showed that lower hemoglobin concentration 

was associated with a decline in self-reported physical activity and muscular strength, which 

have been identified as key components of frailty (30). Finally, in our study, it was found that 

the poor nutritional status was higher (approximately 2-fold) and MNA scores were lower in 

anemic patients. Malnutrition, one of the most important causes of frailty in older adults, is also 

an important cause of anemia (independent of micronutrients such as vitamin B12 and folate) 

(31,32). Therefore, poor nutritional status could be another cause of the anemia-frailty 

relationship. 

Falls, another major health problem negatively affecting social life, can cause reduced 

functional capacity, disability, severe soft tissue damage, fractures, increased healthcare costs, 

and a high risk of mortality in older adults (33). Therefore, one of the important results of our 

study was that falling frequency and prolonged TUG (an indicator of fall risk) were higher in 

anemic patients than those non-anemic. Importantly, all of the above discussed factors for 

frailty also apply to the anemia-fall relationship. However, in the LASA (and present) study, a 

positive correlation was found between fall rates and anemia, while in the TROMSO and 

KORA-Age studies, no significant relationship was found between falling and hemoglobin 

concentration (34–36). When the KORA-age study was examined, it was found that the anemia-

falling relationship was not observed in the whole population (967 community-dwelling older 

women and men), but anemic women fell almost 2 times more than anemic men (36). In the 

TROMSO study, although men were more likely to be anemic, the incidence of falls was similar 

in men and women (35). For this reason, enrollment of only older women in the present study 

has provided a clear emergence of the anemia-fall relationship.  

Incorrect drug use, drug side effects and drug-drug interactions can cause unwanted and  serious 

issues including hospitalization and anemia (4,37). According to the present multivariate 

analysis, a strong correlation was found between anemia and polypharmacy in older women. 

The question of whether anemia increases polypharmacy or polypharmacy increases risk of 



anemia is an issue that can only be decided according to follow-up period of study participants. 

It has been shown that the most potentially inappropriate medication in Turkey is proton pump 

inhibitors (PPI), which may lead to the development of anemia (37). However, drug groups 

were not examined individually in the present study. It has also been shown that polypharmacy 

increased the risk of major or unspecified bleeding in older populations (38). Moreover, iron or 

vitamin supplements used by patients with anemia may increase the development of 

polypharmacy.  

One strength of the present study is the large sample size of patients who underwent anemia 

examination. Another strength is that anemia examination and comprehensive geriatric 

assessment were performed on the same day. A final strength is that only older women were 

included in the study; thus, sex related effects could be excluded.  However, findings from this 

study must be interpreted in light of the studies limitations. First,  anemic women were not 

grouped among themselves according to the severity of anemia and they were evaluated in only 

one visit. Second, the erythropoietin level was not been routinely checked in all participants, 

which is important in deciding whether the anemia is temporary or permanent. Another 

limitation of our study is that functional iron deficiency (transferrin saturation <20%, ferritin> 

100 ng / ml) was not examined in detail. Functional iron deficiency should be kept in mind in 

elderly individuals, especially in anemias associated with severe inflammation and chronic 

renal failure. The last and the most limiting feature of our study is the cross-sectional design 

and thus direction of observed associations cannot be established.  

5. CONCLUSION 

Anemia is common and associated with frailty, polypharmacy, poor nutritional status, falls, and 

decreased muscle strength in older women. These findings suggest that anemia is important for 

geriatric practice, and may be a sign of poor health status in older women. When anemia is 

detected in an older woman, CGA should be strongly considered if not routinely performed. 

Additionaly, it should be kept in mind that functional iron deficiency (in the course of severe 

inflammation and chronic renal failure), which is observed without anemia, and a decrease in 

iron stores, may affect CGA parameters in the elderly. Thus, future studies, evaluating both 

anemia and functional iron deficiency, are needed to investigate this issue. 

Declaration of interest. 

The authors report no declarations of interest.  



Funding. The study has no funding.  

Ethical statement. The study desing and all procedures performed in studies involving human 

participants were in accordance with the ethical standards of the institutional and/or national 

research committee (Local ethic committee approved the study (2020/14/300.)and with the 

1964 Helsinki Declaration and its later amendments or comparable ethical standards.  

Human and animal rights disclosure. This article does not contain any studies with animals 

performed by any of the authors. Informed consent was obtained from all individual participants 

included in the study. 

References 

1.  Kikuchi M, Inagaki T, Shinagawa N. Five-year survival of older people with anemia: 

variation with hemoglobin  concentration. J Am Geriatr Soc. 2001 Sep;49(9):1226–8.  

2.  Joosten E, Pelemans W, Hiele M, Noyen J, Verhaeghe R, Boogaerts MA. Prevalence 

and causes of anaemia in a geriatric hospitalized population. Gerontology. 1992;38(1–

2):111–7.  

3.  Smith DL. Anemia in the elderly. Am Fam Physician. 2000 Oct;62(7):1565–72.  

4.  Milagres CS, de Moraes KBD, Franceschini SCC, Sant’Ana LFR, Lima LM, Ribeiro 

AQ. [Prevalence and factors associated with the presence of anemia in the elderly of 

the  municipality of Viçosa, State of Minas Gerais, Brazil]. Cien Saude Colet. 2015 

Dec;20(12):3733–41.  

5.  Beghé C, Wilson A, Ershler WB. Prevalence and outcomes of anemia in geriatrics: a 

systematic review of the  literature. Am J Med. 2004 Apr;116 Suppl:3S-10S.  

6.  Ahmed T, Vasiliadis H-M. Global cognition modifies the relationship between anemia 

and depression in old age:  A longitudinal analysis of the IMIAS Study. Arch Gerontol 

Geriatr. 2021 Jan;94:104342.  

7.  Stauder R, Valent P, Theurl I. Anemia at older age: etiologies, clinical implications, 

and management. Blood. 2018 Feb;131(5):505–14.  

8.  Ates Bulut E, Soysal P, Isik AT. Frequency and coincidence of geriatric syndromes 

according to age groups: single-center experience in Turkey between 2013 and 2017. 



Clin Interv Aging. 2018;13:1899–905.  

9.  Röhrig G, Gütgemann I, Leischker A, Kolb G. [Anemia in the aged - a geriatric 

syndrome? : Second position paper on anemia in the  aged by the working group 

anemia of the German Geriatric Society]. Z Gerontol Geriatr. 2018 Dec;51(8):921–3.  

10.  Zekry D, Loures Valle BH, Lardi C, Graf C, Michel J-P, Gold G, et al. Geriatrics index 

of comorbidity was the most accurate predictor of death in  geriatric hospital among six 

comorbidity scores. J Clin Epidemiol. 2010 Sep;63(9):1036–44.  

11.  Patra PB, Patra S. Sex differences in the physiology and pharmacology of the lower 

urinary tract. Curr Urol. 2013 Feb;6(4):179–88.  

12.  Dutoglu E, Soysal P, Smith L, Arik F, Kalan U, Kazancioglu RT, et al. Nocturia and its 

clinical implications in older women. Arch Gerontol Geriatr. 2019;85.  

13.  Dokuzlar O, Koc Okudur S, Smith L, Soysal P, Yavuz I, Aydin AE, et al. Assessment 

of factors that increase risk of falling in older women by four different  clinical 

methods. Aging Clin Exp Res. 2020 Mar;32(3):483–90.  

14.  Durmaz B, Soysal P, Ellidokuz H, Isik AT. Validity and reliability of geriatric 

depression scale-15 (short form) in Turkish  older adults. North Clin Istanbul. 2018 

Sep;5(3):216–20.  

15.  Sakurai R, Kim Y, Inagaki H, Tokumaru AM, Sakurai K, Shimoji K, et al. MMSE 

Cutoff Discriminates Hippocampal Atrophy: Neural Evidence for the Cutoff of 24  

Points. Journal of the American Geriatrics Society. United States; 2021.  

16.  Soysal P, Smith L, Isik AT. Validation of population-based cut-offs for low muscle 

mass and strength. European geriatric medicine. Switzerland; 2020.  

17.  Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al. Frailty in 

Older Adults: Evidence for a Phenotype. Journals Gerontol Ser A Biol Sci Med Sci. 

2001;  

18.  Soysal P, Isik AT, Arik F, Kalan U, Eyvaz A, Veronese N. Validity of the Mini-

Nutritional Assessment Scale for Evaluating Frailty Status in Older Adults. J Am Med 

Dir Assoc. 2019 Feb;20(2):183–7.  



19.  Anía BJ, Suman VJ, Fairbanks VF, Rademacher DM, Melton LJ 3rd. Incidence of 

anemia in older people: an epidemiologic study in a well defined  population. J Am 

Geriatr Soc. 1997 Jul;45(7):825–31.  

20.  WHO Scientific Group on Nutritional Anaemias., World Health Organization. 

Nutritional anaemias : report of a WHO scientific group [meeting held in Geneva from 

13 to 17 March 1967]. World Health Organization technical report series. 1968.  

21.  Son KY, Shin DW, Lee JE, Kim SH, Yun JM, Cho B. Association of anemia with 

mobility capacity in older adults: a Korean nationwide  population-based cross-

sectional study. BMC Geriatr. 2020 Nov;20(1):469.  

22.  Bird T, Hall MR, Schade RO. Gastric histology and its relation to anaemia in the 

elderly. Gerontology. 1977;23(4):309–21.  

23.  Patel K V. Epidemiology of anemia in older adults. Semin Hematol. 2008 

Oct;45(4):210–7.  

24.  Neidlein S, Wirth R, Pourhassan M. Iron deficiency, fatigue and muscle strength and 

function in older hospitalized  patients. Eur J Clin Nutr. 2020 Sep;  

25.  Yavuz BB, Cankurtaran M, Haznedaroglu IC, Halil M, Ulger Z, Altun B, et al. Iron 

deficiency can cause cognitive impairment in geriatric patients. J Nutr Health Aging. 

2012 Mar;16(3):220–4.  

26.  Soysal P, Stubbs B, Lucato P, Luchini C, Solmi M, Peluso R, et al. Inflammation and 

frailty in the elderly: A systematic review and meta-analysis. Vol. 31, Ageing Research 

Reviews. 2016. p. 1–8.  

27.  Juárez-Cedillo T, Basurto-Acevedo L, Vega-García S, Manuel-Apolinar L, Cruz-

Tesoro E, Rodríguez-Pérez JM, et al. Prevalence of anemia and its impact on the state 

of frailty in elderly people living  in the community: SADEM study. Ann Hematol. 

2014 Dec;93(12):2057–62.  

28.  Dodd SL, Powers SK, Brooks E, Crawford MP. Effects of reduced O2 delivery with 

anemia, hypoxia, or ischemia on peak VO2 and  force in skeletal muscle. J Appl 

Physiol. 1993 Jan;74(1):186–91.  

29.  Steinmeyer Z, Delpierre C, Soriano G, Steinmeyer A, Ysebaert L, Balardy L, et al. 



Hemoglobin concentration; a pathway to frailty. BMC Geriatr. 2020 Jun;20(1):202.  

30.  Cecchi F, Pancani S, Vannetti F, Boni R, Castagnoli C, Paperini A, et al. Hemoglobin 

concentration is associated with self-reported disability and reduced  physical 

performance in a community dwelling population of nonagenarians: the Mugello 

Study. Intern Emerg Med. 2017 Dec;12(8):1167–73.  

31.  Soysal P, Veronese N, Arik F, Kalan U, Smith L, Isik AT. Mini nutritional assessment 

scale-short form can be useful for frailty screening in older adults. Clin Interv Aging. 

2019;14.  

32.  Soysal P, Isik AT, Arik F, Kalan U, Eyvaz A, Veronese N. Validity of the Mini-

Nutritional Assessment Scale for Evaluating Frailty Status in Older Adults. J Am Med 

Dir Assoc. 2019;20(2).  

33.  Siegrist M, Freiberger E, Geilhof B, Salb J, Hentschke C, Landendoerfer P, et al. Fall 

Prevention in a Primary Care Setting. Dtsch Arztebl Int. 2016 May;113(21):365–72.  

34.  Penninx BWJH, Pluijm SMF, Lips P, Woodman R, Miedema K, Guralnik JM, et al. 

Late-life anemia is associated with increased risk of recurrent falls. J Am Geriatr Soc. 

2005 Dec;53(12):2106–11.  

35.  Hopstock LA, Utne EB, Horsch A, Skjelbakken T. The association between anemia 

and falls in community-living women and men aged 65  years and older from the fifth 

Tromsø Study 2001-02: a replication study. BMC Geriatr. 2017 Dec;17(1):292.  

36.  Peters A, Döring A, Ladwig K-H, Meisinger C, Linkohr B, Autenrieth C, et al. 

[Multimorbidity and successful aging: the population-based KORA-Age study]. Z 

Gerontol Geriatr. 2011 Dec;44 Suppl 2:41–54.  

37.  Unutmaz GD, Soysal P, Tuven B, Isik AT. Costs of medication in older patients: 

Before and after comprehensive geriatric assessment. Clin Interv Aging. 2018;  

38.  Leiss W, Méan M, Limacher A, Righini M, Jaeger K, Beer H-J, et al. Polypharmacy is 

associated with an increased risk of bleeding in elderly patients  with venous 

thromboembolism. J Gen Intern Med. 2015 Jan;30(1):17–24.  

 



Tables 

Table 1. Patients’s Characteristics according to anemic and non-anemic groups 

  Anemia (-) (n:753) Anemia (+) (n:133) P  
value 

General Characteristics 
Age (Years) 75.65±8.04 79.59±8.83 <0.001 
Education (Years) 2.38±3.32 2.04±3.36 0.448 
Charlson Comorbidity Index (CCI) 0.79±1.12 1.28±1.53 0.004 
BMI (kg/m2) 34.91±9.38 30.81±6.72 0.004 
Number of drugs 4.41±2.63 5.42±2.86 <0.001 
Comorbidities (%) 
Parkinson Disease 1,90 3,20 0.572 
Cerebrovascular Disease  3,40 6,40 0.160 
Diabetes Mellitus  35,90 34,70 0.911 
Congestive Heart Failure  4,50 8,40 0.103 
Hypertension  70,70 78,90 0.112 
Hypothyroidism 10,90 9,50 0.681 
Chronic obstructive pulmonary disease  13,80 21,50 0.051 
Coronary Arterial Disease  9,00 13,70 0.150 
Chronic Renal Failure  59,60 80,70 <0.001 
Osteoarthritis  20,00 12,70 0.352 
Laboratory Analyses (Blood) 

Hemoglobin (Hb-g/dl) 13.97±1.09 10.87±0.89 <0.001 
Hematocrit (Hct-%) 41.56±3.48 34.62±2.55 <0.001 
Mean Corpuscular Volume (MCV-fL) 86.95±4.92 80.96±7.84 <0.001 
Red Cell Distribution Width (RDW- %) 13.39±1.16 15.86±2.62 <0.001 
Iron (Fe-mcg/dL) 62.90±28.04 34.20±19.23 <0.001 
Iron Binding Capacity (IBC- mcg/dL) 291.53±86.49 336.00±80.76 0.003 
Ferritin (ng/mL) 51.13±41.15 69.05±92.02 0.295 
Vitamin B12 (pg/mL) 266.83±184.55 311.32±270.64 0.116 
Folate (ng/mL) 10.89±34.77 9.2±5.5 0.788 
Creatinine Clearence (CrCl-ml/min) 80.82±18.31 64.97±22.73 <0.001 
Albumin (Alb-g/dL) 4.22±0.28 3.96±0.33 0.029 
25-OH-D3 (VitD-ng/mL) 18.80±17.09 16.15±10.80 0.067 
Tyroid Stimulating Hormone (mU/L) 3.13±2.03 2.12±1.95 0.841 
HbA1C (%) 6.74±1.60 6.58±1.36 0.177 
C-reactive Protein (CRP-mg/L) 9.25±18.85 22.57±39.98 <0.001 
Erythrocyte Sedimentation Rate (ESR-
mm/1.hour) 24.91±20.58 45.36±27.26 <0.001 
Neutrophil/Lymphocyte ratio (NLR) 2.29±1.36 3.66±3.20 <0.001 
Comprehensive Geriatric Assessment/ Geriatric Syndromes 
MNA Total score 24.04±3.74 21.16±4.96 <0.001 



POMA score 24.51±5.57 20.93±7.62 <0.001 
Timed Up and Go test (second) 13.95±7.81 20.86±14.1 <0.001 
Hand Grip Strength (kg) 19.61±5.76 17.54±6.09 <0.001 
IADL 17.35±4.91 14.63±7.17 <0.001 
BADL 89.28±10.88 82.28±18.00 <0.001 
GDS-15 5.21±4.12 6.38±4.25 <0.001 
MMSE 24.26±4.70 23.82±5.00 <0.001 
Frail Total score 1.73±1.46 2.73±1.58 <0.001 
Urinary Incontinence (%) 56.8 68.5 0.075 
Polypharmacy (%) 40.9 59.5 <0.001 
Falls (%) 27.80 39.20 0.021 

BADL: Basic activities of daily living (0 [worst]-100 [best]); GDS-15: Geriatric Depression 
Scale-15 (0 [best]-15 [worst]); Frail total score: (0 [best]-5 [worst]); IADL: Instrumental 
activities of daily living (0 [worst]-23 [best]); MMSE: Mini-Mental State Examination (0 [worst]-
30 [best]); MNA: Mini Nutritional Assessment (0 [worst]-30 [best]); POMA: Tinetti 
performance oriented mobility assessment (0 [worst]-28 [best]); YGDS: Yesavage Geriatric 
Depression Score (15 [worst]-0 [best]). 
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Table 2. Multiple logistic regression analysis of the relationship between geriatric 

assessment parameters/geriatric syndromes and anemia 

     

  Multivariate 

  OR 95 % CI  P value 

 POMA score 0.943 0.904-0.984 0.06 

 Timed Up and Go test 1.100 1.020-1.180 <0.001 

 Muscle Strength (kg) 0.944 0.892-0.999 0.047 

 IADL 0.989 0.944-1.010 0.635 

 BADL 0.987 0.973-1.000 0.074 

 GDS 1.049 0.986-1.100 0.127 

 MMSE 1.032 0.963-1.105 0.371 

 Poor nutritional status % 1.978 1.100-3.480 0.046 

 MNA  0.887 0.830-0.948 <0.001 

 Fried Frailty Score 1.423 1.240-1.680 0.002 

 Falls % 1.784 1.106-2.927 0.023 

 Dynapenia % 1.921 1.061-3.479 0.031 

 Depression % 1.504 0.882-2.564 0.134 

 Polypharmacy % 2.315 1.385-3.869 0.001 

 Cognitive Impairment % 0.607 0.282-1.307 0.202 

 
Frailty % 2.585 1.422-4.696 0.002 

OR, Odds ratio; CI, confidence interval Bold p values were still significant, even after 

adjustment for age, education, CCI, body mass index, the number of drugs used, and the 

presence of Chronic renal failure, and C-reactive Protein, Erythrocyte Sedimentation Rate ve 

Neutrophil/Lymphocyte ratio. 

BADL: Basic activities of daily living (0 [worst]-100 [best]); GDS: Geriatric Depression Score 

(15 [worst]-0 [best]); Frail total score: (0 [best]-5 [worst]); IADL: Instrumental activities of 

daily living (0 [worst]-23 [best]); MMSE: Mini-Mental State Examination (0 [worst]-30 [best]); 

MNA: Mini Nutritional Assessment (0 [worst]-30 [best]); POMA: Tinetti performance oriented 

mobility assessment (0 [worst]-28 [best])  
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