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Background: Low hemoglobin levels are a significant biomarker in the prognosis of sarcopenia. Anemia and sarcopenia are frequent and disabling conditions in the older adult population, but little is known about the role of anemia in the onset and progression of sarcopenia. This study aimed to determine whether prospective changes in anemia are associated with the incidence and persistence of sarcopenia.

Methods: Data come from the second and third waves (2014, 2017) of the World Health Organization (WHO) Study on global AGEing and adult health (SAGE) in Mexico. SAGE-Mexico is a dynamic cohort with national representativeness, including a follow-up sample and new enrollments. For this study, 1,500 older adults (aged 50 or above) with measurements in both waves were included. Sarcopenia was defined as having low muscle quantity and either/both slow gait speed and weak handgrip strength. Anemia was defined according to hemoglobin concentrations, adjusted for altitude, as recommended by the WHO, <120 g/L for women and <130 g/L for men. Multinomial logistic regression was used to estimate the association between anemia and prospective changes in sarcopenia.

Results: The baseline prevalence of anemia was 17.4%, and that of sarcopenia was 12.1%. The incidence and persistence of anemia were 10.6% (95% CI: 7.3–15.0%) and 6.9% (95% CI: 4.7–9.8%), respectively, and for sarcopenia, they were 5.3% (95% CI: 3.7–7.7%) and 9.2% (95% CI: 6.4–13.0%), respectively. Incident anemia was associated with incident (RRR = 3.64, 95% CI: 1.18–11.19) but not with persistent (RRR = 0.75, 95% CI: 0.18–3.20) sarcopenia. Persistent anemia was significantly associated with persistent (RRR = 3.59, 95% CI: 1.14–11.27) but not incident (RRR = 1.17, 95% CI: 0.30–4.54) sarcopenia.

Conclusion: Changes in anemia are significantly associated with incident and persistent sarcopenia. Primary actions to promote a healthy diet rich in antioxidants, high-quality proteins, and micronutrients, as well as moderate physical activity and maintaining a healthy weight, are crucial for the aging population to delay the deleterious effects of anemia and sarcopenia.
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1 Introduction

The decline in physical function in aging is one of the main drivers of the onset of sarcopenia, a geriatric syndrome characterized by poor physical performance, low strength, and low mass muscle (1), with function loss accelerating three times faster than muscle loss and increasing the appearance of disability falls and frailty (2). Among older adults, sarcopenia is a frequent condition, with prevalence rates ranging from 0–15% in healthy older adults and 2–34% in geriatric outpatients (3). For Mexico, the prevalence ranges from 9.3 to 33.6% (4). Empirical evidence has shown that sarcopenia negatively affects older people’s cognitive function, quality of life, and survival rates (5–7). Anemia is also a frequent condition in older adults. The global prevalence of anemia for this age group has been estimated at 23.9 and 28.8% for Mexico (8, 9). Like sarcopenia, anemia has been identified as a risk factor for critical health indicators such as poor physical performance, quality of life, disability, and mortality (10).

Previous studies have analyzed the association between anemia and sarcopenia with inconclusive results. A recent meta-analysis with 98,502 community-dwelling participants aged 60+ years that aimed to identify the factors associated with sarcopenia reported that anemia was significantly associated with sarcopenia. However, for this last association, only two Japanese studies with 2,408 older adults were included (11). Meanwhile, studies on the specific association between anemia and sarcopenia have mixed results. One study with Taiwanese older adults reported a significant association (12), but for another two studies (Japan and Taiwan), the association was no longer significant (13, 14). Two additional prospective cohort studies with older Australian men and older American adults, have shown that anemia increased the risk in the decline of physical performance and sarcopenia (15, 16).

Despite this incipient prior evidence, knowledge gaps still must be addressed. This is mainly because the results have been generated either by cross-sectional or longitudinal studies that have yet to explore the influence that changes in anemia have on changes in sarcopenia prospectively. Moreover, whether anemia has a role in the onset or persistence of sarcopenia has yet to be explored, and the evidence from the Latin American population is null, even though structural risk factors might be higher than those in high-income countries (HIC). Particularly, anemia rates in populations from low- and middle-income countries are higher and also have different causes compared to those in HIC (17). In fact, it remains uncertain whether the accumulated risk of persistent anemia affects sarcopenia over time.

Anemia and sarcopenia are frequent conditions in the older adult population, and both are modifiable risk factors. In contexts where the double burden of malnutrition exists (particularly in low- and middle- income countries such as Mexico), early identification of biomarkers as a prognosis of the onset of sarcopenia is crucial to promote early actions and delay their pervasive consequences. This study aimed to evaluate whether prospective changes in anemia were associated with an increasing risk of sarcopenia over a 3 years follow-up in a representative national sample of older Mexican adults.



2 Materials and methods


2.1 Population and sample

We used data from the World Health Organization (WHO) Study on global AGEing and adult health (SAGE) in Mexico. A multicountry, longitudinal study, SAGE, was based on nationally representative samples of individuals aged 50+ years in six countries: China, Ghana, India, Mexico, Russia, and South Africa. Details of the study design have been published elsewhere (18). The SAGE-Mexico study and sample (cross-sectional and longitudinal) have been previously described (19, 20). Briefly, SAGE-Mexico included a sample of follow-up respondents from SAGE Wave 0, a baseline cohort created during the 2002–2004 World Health Survey, and new respondents. Proxy respondents were identified for respondents who were unable to provide reliable responses or due to poor health. Also, SAGE-Mexico is a nationally-representative sample of older Mexican adults (50+ years) collected using a stratified multistage cluster sample design. In-person interviews were used to collect household and individual level data for each wave. Specifically, two strata were defined by dwelling area (urban and rural). Within these strata, the Basic Geo-Statistical Areas (AGEB by its Spanish acronym) defined by the Mexican National Institute of Statistics were used as primary sampling units (PSU). Households within PSU were randomly selected and constituted the secondary sampling units. Household weights were post-stratified by AGEB according to population census projections. Finally, individuals within households made up tertiary sampling units. Individual weights were post-stratified by sex and age-groups (18–34, 35–49, 50–59, 60–105) according to the census projections. Sample size and date for each wave were: Wave 1 (baseline data) was collected in 2009 with 2,306 respondents. Wave 2 was carried out in 2014 with 2,033 interviews, and Wave 3 was carried out in 2017 with 1,791 participants (plus 618 newly enrolled individuals). For this study, we use data from the most recent waves of SAGE-Mexico (2014 and 2017). The analytical sample consisted of 1,500 older adults who had measurements of anemia and sarcopenia in both waves, with an overall response rate of 84% (Figure 1). Baseline differences between the final sample and excluded participants were observed. Older adults without follow-up measurements were older, had a lower prevalence of sarcopenia and smoking, were mostly women and were mainly from rural areas (p < 0.05).
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FIGURE 1
 Study population and analytical sample.




2.2 Outcome


2.2.1 Sarcopenia

The presence of sarcopenia was defined, according to previous studies using the Mexico-SAGE data, as having low skeletal muscle mass (SMM), reflected by lower skeletal muscle mass index (SMI), and either or both slow gait speed and weak handgrip strength. We recently provided a detailed description of this measurement (21). We observed four groups according to changes in sarcopenia: no sarcopenia in both measurements (none), sarcopenia at baseline and not in follow-up (recovery), sarcopenia only in follow-up (incident), and sarcopenia in both measures (persistent). Since the proportion of individuals in the recovery category was low (≈2%), the none and recovery categories were joined, leaving the following categories for sarcopenia: none/recovery, incident, and persistent.




2.3 Main exposure


2.3.1 Anemia

Dried blood spot (DBS) samples were extracted with a finger lancet and collected on standard Whatman 903 filter paper. The samples were analyzed after 24 h of drying at room temperature. A 6 mm spot was punctured from the filter paper and eluted for 14 h in 400 μL of MULTIAGEN Hemoglobin Denaturant. Hemoglobin (Hb) was run via blood using the Abbott Architect CI8200 chemistry analyzer. The total Hb was determined by measuring absorbance at 604 nm. Anemia was defined according to Hb concentrations, as recommended by the WHO, <120 g/L for women and <130 g/L for men. Four groups were also defined in relation to observed changes in anemia: none, recovery, incident and persistent.




2.4 Covariates

The following health, socioeconomic and lifestyle baseline variables were used as potential confounders: sex (female = 1), age, number of years of formal education, and dwelling area (rural = 1). The socioeconomic status (SES) of the household was derived using the WHO standard approach to estimate permanent income from household ownership of durable goods, dwelling characteristics (type of floors, walls, and cooking stove), and access to services such as water, sanitation, and electricity (22). SES was included as a continuous variable, with higher values indicating better SES. Multimorbidity was included as a dichotomous variable defined as the presence of two or more chronic noncommunicable conditions from the list of 12 chronic diseases included in the SAGE study. The operational definitions of these diseases have been published elsewhere (23). The body mass index (BMI) was calculated using weight (kg) and height (cm) [BMI = Weight (kg)/Height (m2)] and was incorporated into the analysis as a continuous variable. The C-reactive protein (mg/L) DBS values were included as a potential inflammation marker. Physical activity was assessed with the Global Physical Activity Questionnaire (GPAQ), which classifies older adults into three categories (low, moderate, and high physical activity) based on reported time spent in moderate or vigorous activities during work, recreational/leisure time, and transportation. As for tobacco use and alcohol consumption, respondents were asked if they had ever used tobacco or consumed alcohol, and if participants answered affirmatively the frequency of use was recorded (24). With this information tobacco use was categorized as never; ever smoked, no longer; current smoker, not daily; current smoker, daily; and alcohol consumption as never; ever drinker, no longer; current drinker, low risk; current drinker, high risk. Fruit and vegetable consumption (servings per day), and sedentary behavior (daily sitting hours) were self-reported. Food insecurity (FI) was operationalized using items adapted from similar items in food security questionnaires of the US Household Food Security Survey Module and National Health and Nutrition Examination Survey (NHANES) Food Security module. In line with previous SAGE studies, FI was coded as severely food insecure, moderately food insecure, and food secure (25).



2.5 Statistical analyses

Baseline characteristics are presented in percentages and means (standard deviation) as appropriate. Health and sociodemographic characteristics related to sarcopenia groups were compared using chi-square or ANOVA tests. We used a multinomial logistic regression model to estimate the association between changes in anemia and sarcopenia. Relative risk ratios (RRRs) and 95% confidence intervals were reported. Associations were considered significant if p < 0.05. All statistical analyses considered the sampling weights and were performed using STATA version 18.0 software (StataCorp. 2023. Stata Statistical Software: Release 18. College Station, TX: StataCorp LLC.). This study was conducted following the STROBE guidelines for reporting cohort studies (STROBE checklist is reported in Supplementary material).



2.6 Ethics

This investigation was conducted in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments (as revised in 1983). The study was approved by the research and ethics committees of the National Institute of Public Health, Cuernavaca, Mexico (CI/2020/550). All subjects gave written informed consent.




3 Results

The baseline study sample included 1,500 older adults, with a mean age of 61.2 years (SE = 0.49). A total of 54.5% were female, with a mean of 6.2 years of formal education (SE = 0.38), 13.8% had severe food insecurity, and 61.7% had multimorbidity. For lifestyle variables, 45.8% performed a low level of physical activity and had a mean daily sitting hours of 2.7 (SE = 0.14). Finally, 37.5% had never smoked, and 71.4% had never consumed alcohol (Table 1).



TABLE 1 Baseline characteristics by sarcopenia groups.
[image: Table1]

The proportions of sarcopenia and anemia for each transition group are shown in Table 2. The cumulative incidence of sarcopenia was 5.3% (3.7–7.7%), and persistence was 9.2% (6.4–13.0%). Regarding anemia, the recovery rate was 12.0% (8.6–16.4%), the cumulative incidence was 10.6% (7.3–15.0%), and the persistence was 6.9% (4.7–9.8%).



TABLE 2 Proportion of older adults in each sarcopenia and anemia group.
[image: Table2]

Table 1 shows the exposure and covariate distribution by sarcopenia groups. Older adults with incident or persistent sarcopenia were older (p < 0.01), with a higher prevalence of food insecurity (p < 0.01), fewer years of schooling (p < 0.01), and poorer (p = 0.03) than individuals in the group with no/recovery sarcopenia. No significant differences were observed in health and lifestyle variables (Table 1).

Table 3 depicts the results of the multinomial logistic regression model. The cumulative incidence of anemia was significantly associated with incident sarcopenia (RRR = 3.66; 95% CI 1.18–11.19; p = 0.02) and persistent anemia with persistent sarcopenia (RRR = 3.59; 95% CI 1.14–11.27; p = 0.03). No significant associations were observed for recovery from anemia. Incident anemia was not significantly related to persistent sarcopenia, nor was persistent anemia related to incident sarcopenia.



TABLE 3 Results of the multinomial logistic regression models.
[image: Table3]

Figure 2 shows the conditional probabilities of incident and persistent sarcopenia, given the observed transitions in anemia. Compared with the incident anemia group, older adults with persistent anemia were four times more likely to have persistent sarcopenia. At the same time, older adults with incident anemia had a 4.7 times greater chance of incident sarcopenia than individuals with persistent anemia.

[image: Figure 2]

FIGURE 2
 Conditional probabilities of incident and persistent sarcopenia.




4 Discussion

The results of this study provide evidence of the prospective changes in anemia and their association with incident and persistent sarcopenia in a representative sample of older adults in Mexico with longitudinal data that encompasses a 3 years follow-up. Incident anemia was consistently associated with a 4.7 times risk of incident sarcopenia, and persistent anemia had a four times greater probability for persistent sarcopenia compared to the absence of anemia in both measurements, baseline and follow-up.

A recent systematic review and meta-analysis reported that anemia was associated with a higher probability of sarcopenia (OR: 1.4, CI 95%: 1.06–1.82), although these results were obtained from only two studies (11). Regarding the incidence or persistence of sarcopenia, few cohort studies have explored their association with anemia, although placing greater emphasis on continuous hemoglobin levels (Hb). A cohort study with older Chinese adults found that an increase in Hb of 1 g/dL was associated with a lower rate (8%) of sarcopenia incidence over a 4 years follow-up (26). Another study with older Australian men also reported that a 1 g/dL increase in Hb was significantly associated with a reduction in the odds of sarcopenia throughout 5 years of study (OR = 0.71, CI 95% 0.61, 0.82). In the same study, moderate anemia (OR = 3.0, p < 0.01) had a stronger association than mild anemia (OR = 1.73, p < 0.01) (15). Another study with older American adults (71 years or older) showed that anemia was associated with a higher decline in physical performance over a 4 years follow-up (16). It is important to mention that this study did not specifically analyze sarcopenia but rather a series of physical performance tests (standing balance, a timed 2.4 m walk, and a timed test of five chair rises).

Our results are consistent with those reported in these studies since anemia was significantly associated with incident and persistent sarcopenia. However, our results are not entirely comparable since we explicitly explored whether prospective changes in anemia (incidence and persistence) influenced the incidence and persistence of sarcopenia. In this sense, our study provides new, robust, and specific information about the role of the incidence and persistence of anemia concerning incident and persistent sarcopenia. Accordingly, the incidence of anemia is a significant prognostic factor for the incidence of sarcopenia, while persistent anemia accounts for a high attributable proportion of persistent sarcopenia. However, the evidence on this relationship remains controversial, and future studies with controlled designs should confirm or refute these results.

Although the specific mechanisms underlying the association between anemia and sarcopenia are not well understood, it has been proposed that low hemoglobin levels reduce oxygen delivery to all cells, impairing skeletal muscle mitochondrial respiration. Mitochondria are the primary site of ATP production and lean muscle fuel metabolism (27). Myoglobin, the protein that carries oxygen to muscle tissue, is affected by anemia, generating local hypoxia in skeletal muscle. Consequently, anemia increases the risk of muscle fatigue, and chronic fatigue impairs muscle mobilization, leading to atrophy, affecting functionality, and increasing the risk of falls and disability (28). The observed association between anemia and sarcopenia in our study might also be partially explained by chronic low-grade inflammation since this has been identified as the main contributor to anemia in one study with older adults from the southern region of Mexico (29). Chronic inflammation also contributes to the loss of muscle mass, strength, and functionality (30), and it is a common shared pathway with anemia due to chronic disease and other geriatric syndromes (31).

Anemia and sarcopenia might also share a nutritional cause as etiology, given that both conditions have been linked through malnutrition (11, 32). Previous evidence has indicated that nutritional anemia could account for one-third of all anemias in older people. Aside from iron deficiency, nutritional anemia is associated with vitamin B12 (cobalamin), which is frequently related to dietary cobalamin malabsorption and vitamin B9 (folate) deficiency (33–35). The inadequate intake of nutrients, associated with the loss of appetite during aging, is a nutritional factor leading to poor protein intake, which can also cause iron deficiency and other nutritional anemias. As for older Mexican adults, the adequacy intake of some essential micronutrients, such as iron and zinc, is low (36). However, tortillas and beans are part of the traditional Mexican diet and are consumed in large amounts. They are sources of protein, micronutrients (nonheme iron), and inhibitors of iron absorption as phytates and tannins. Despite this, previous studies have shown that although the Mexican diet has a high iron content, its bioavailability is low, which, in turn, can affect iron status (37). Poor protein quality mainly reflects the low bioavailability of iron, B12, and other critical micronutrients involved in erythropoiesis and protein synthesis needed for the anabolism of muscle fibers. However, micronutrient deficiency appears to have a low contribution to anemia in older Mexican adults (29), and its impact on the risk of sarcopenia in this population is also unknown.

The study results should be interpreted in the presence of some limitations. Hb measurement was based on a capillary dried blood sample, which might misclassify anemia diagnosis, affecting those around the cutoff value. Nonetheless, Hb data were calibrated with venous blood to minimize bias due to measurement error (38). The SMI was estimated through a formula instead of more precise methods such as DXA or BIA; this could result in low sensitivity of subjects categorized with low mass muscle. In addition, we do not have any information regarding diet and protein quality, the etiology of anemia, or the treatment for anemia, which could help explain the risk in the incidence and persistence of sarcopenia. Reverse causality could also explain the results obtained. Older adults with persistent sarcopenia have specific characteristics, such as a higher prevalence of chronic comorbidities, that increase the risk of persistent anemia, with low-grade inflammation as a shared common pathway where anemia by chronic disease may arise.



5 Conclusion

The results of this study have important implications for research, clinical practice, and public health policies targeting older adults. Regarding health policies, addressing the primary needs of all people to reach food security is crucial. Most anemia cases in older Mexican adults have an inflammatory component secondary to chronic disease (29); therefore, secondary prevention should be reinforced to maintain autonomy in older adults. Primary actions to promote a healthy diet rich in antioxidants, high-quality proteins, and micronutrients, as well as moderate physical activity and maintaining a healthy weight, are vital for the aging population to delay the deleterious effects of anemia and sarcopenia. For clinical practice, according to clinical guidelines in Mexico, it is recommended to assess and determine the cause of anemia and treat it whenever feasible. Individuals with micronutrient deficiencies, such as iron, B12, and folate, should be given supplements to address the deficiency. For research, further studies should explore the effect of treating anemia on the onset of broad functional outcomes in older adults. In conclusion, the current study provides evidence that anemia is an independent risk factor for incident and persistent sarcopenia. Given that both conditions are highly prevalent and modifiable, public health approaches should be focused on maintaining adequate Hb values and avoiding loss of muscle function to preserve autonomy in the older adult population.



Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found at: https://www.who.int/data/data-collection-tools/study-on-global-ageing-and-adult-health/sage-waves.



Ethics statement

The studies involving humans were approved by Research and ethics committees of the National Institute of Public Health, Cuernavaca, Mexico (CI/2020/550). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author contributions

VC-G: Investigation, Methodology, Writing – original draft, Writing – review & editing. AS-R: Investigation, Methodology, Writing – original draft, Writing – review & editing, Conceptualization, Data curation, Funding acquisition, Project administration, Software. BM-E: Conceptualization, Funding acquisition, Investigation, Methodology, Project administration, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Acknowledgments

SAGE is supported by WHO and the US National Institute on Aging through Interagency Agreements (OGHA04034785, YA1323-08-CN-0020, and Y1-AG-1005-01) and a competitive Grant: R01AG034479.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2024.1323450/full#supplementary-material



References

 1. Cruz-Jentoft,AJ
, Bahat,G
, Bauer,J
, Boirie,Y
, Bruyère,O
, Cederholm,T , et al. Sarcopenia: revised European consensus on definition and diagnosis. Age Aging. (2019) 48:16–31. doi: 10.1093/aging/afy169


 2. Lauretani,F
, Russo,CR
, Bandinelli,S
, Bartali,B
, Cavazzini,C
, Di Iorio,A , et al. Age-associated changes in skeletal muscles and their effect on mobility: an operational diagnosis of sarcopenia. J Appl Physiol. (2003) 95:1851–60. doi: 10.1152/japplphysiol.00246.2003


 3. Reijnierse,EM
, Trappenburg,MC
, Leter,MJ
, Blauw,GJ
, Sipilä,S
, Sillanpää,E , et al. The impact of different diagnostic criteria on the prevalence of sarcopenia in healthy elderly participants and geriatric outpatients. Gerontology. (2015) 61:491–6. doi: 10.1159/000377699 

 4. Manrique-Espinoza,B
, Salinas-Rodríguez,A
, Rosas-Carrasco,O
, Gutiérrez-Robledo,LM
, and Avila-Funes,JA
. Sarcopenia is associated with physical and mental components of health-related quality of life in older adults. J Am Med Dir Assoc. (2017) 18:636.e1–5. doi: 10.1016/j.jamda.2017.04.005 

 5. Fhon,JRS
, Silva,ARF
, Lima,EFC
, Santos Neto,APD
, Henao-Castaño,
ÁM
, Fajardo-Ramos,E , et al. Association between sarcopenia, falls, and cognitive impairment in older people: a systematic review with meta-analysis. Int J Environ Res Public Health. (2023) 20:4156. doi: 10.3390/ijerph20054156 

 6. Beaudart,C
, Demonceau,C
, Reginster,JY
, Locquet,M
, Cesari,M
, Cruz Jentoft,AJ , et al. Sarcopenia and health-related quality of life: a systematic review and meta-analysis. J Cachexia Sarcopenia Muscle. (2023) 14:1228–43. doi: 10.1002/jcsm.13243 

 7. Beaudart,C
, Zaaria,M
, Pasleau,F
, Reginster,JY
, and Bruyère,O
. Health outcomes of sarcopenia: a systematic review and meta-analysis. PLoS One. (2017) 12:e0169548. doi: 10.1371/journal.pone.0169548 

 8. McLean,E
, Cogswell,M
, Egli,I
, Wojdyla,D
, and de Benoist,B
. Worldwide prevalence of anemia, WHO vitamin and mineral nutrition information system, 1993–2005. Public Health Nutr. (2009) 12:444–54. doi: 10.1017/S1368980008002401 

 9. Salinas-Rodríguez,A
, De La Cruz-Góngora,V
, and Manrique-Espinoza,B
. Condiciones de salud, síndromes geriátricos y estado nutricional de los adultos mayores en México. Salud Publica Mex. (2020) 62:777–85. doi: 10.21149/11840


 10. Yuan,S
, and Larsson,SC
. Epidemiology of sarcopenia: prevalence, risk factors, and consequences. Metabolism. (2023) 144:155533. doi: 10.1016/j.metabol.2023.155533 

 11. Gao,Q
, Hu,K
, Yan,C
, Zhao,B
, Mei,F
, Chen,F , et al. Associated factors of sarcopenia in community-dwelling older adults: a systematic review and meta-analysis. Nutrients. (2021) 13:4291. doi: 10.3390/nu13124291 

 12. Tseng,SH
, Lee,WJ
, Peng,LN
, Lin,MH
, and Chen,LK
. Associations between hemoglobin levels and sarcopenia and its components: results from the I-Lan longitudinal study. Exp Gerontol. (2021) 150:111379. doi: 10.1016/j.exger.2021.111379


 13. Kitamura,A
, Seino,S
, Abe,T
, Nofuji,Y
, Yokoyama,Y
, Amano,H , et al. Sarcopenia: prevalence, associated factors, and the risk of mortality and disability in Japanese older adults. J Cachexia Sarcopenia Muscle. (2021) 12:30–8. doi: 10.1002/jcsm.12651 

 14. Ko,YC
, Chie,WC
, Wu,TY
, Ho,CY
, and Yu,WR
. A cross-sectional study about the relationship between physical activity and sarcopenia in Taiwanese older adults. Sci Rep. (2021) 11:11488. doi: 10.1038/s41598-021-90869-1 

 15. Hirani,V
, Naganathan,V
, Blyth,F
, Le Couteur,DG
, Seibel,MJ
, Waite,LM , et al. Low hemoglobin concentrations are associated with sarcopenia, physical performance, and disability in older Australian men in cross-sectional and longitudinal analysis: the concord health and aging in men project. J Gerontol A. (2016) 71:1667–75. doi: 10.1093/gerona/glw055 

 16. Penninx,BW
, Guralnik,JM
, Onder,G
, Ferrucci,L
, Wallace,RB
, and Pahor,M
. Anemia and decline in physical performance among older persons. Am J Med. (2003) 115:104–10. doi: 10.1016/s0002-9343(03)00263-8 

 17. GBD 2021 Anaemia Collaborators
. Prevalence, years lived with disability, and trends in anaemia burden by severity and cause, 1990–2021: findings from the global burden of disease study 2021. Lancet Haematol. (2023) 10:e713–34. doi: 10.1016/S2352-3026(23)00160-6


 18. Kowal,P
, Chatterji,S
, Naidoo,N
, Biritwum,R
, Fan,W
, Lopez Ridaura,R , et al. Data resource profile: the World Health Organization Study on global AGEing and adult health (SAGE). Int J Epidemiol. (2012) 41:1639–49. doi: 10.1093/ije/dys210 

 19. Salinas-Rodríguez,A
, González-Bautista,E
, Rivera-Almaraz,A
, and Manrique-Espinoza,B
. Longitudinal trajectories of intrinsic capacity and their association with quality of life and disability. Maturitas. (2022) 161:49–54. doi: 10.1016/j.maturitas.2022.02.005 

 20. Miu,J
, Negin,J
, Salinas-Rodriguez,A
, Manrique-Espinoza,B
, Sosa-Ortiz,AL
, Cumming,R , et al. Factors associated with cognitive function in older adults in Mexico. Glob Health Action. (2016) 9:30747. doi: 10.3402/gha.v9.30747 

 21. Salinas-Rodríguez,A
, Palazuelos-González,R
, Rivera-Almaraz,A
, and Manrique-Espinoza,B
. Longitudinal association of sarcopenia and mild cognitive impairment among older Mexican adults. J Cachexia Sarcopenia Muscle. (2021) 12:1848–59. doi: 10.1002/jcsm.12787 

 22. Howe,LD
, Galobardes,B
, Matijasevich,A
, Gordon,D
, Johnston,D
, Onwujekwe,O , et al. Measuring socioeconomic position for epidemiological studies in low- and middle-income countries: a method of measurement in epidemiology paper. Int J Epidemiol. (2012) 41:871–86. doi: 10.1093/ije/dys037 

 23. Arokiasamy,P
, Uttamacharya,KP
, Capistrant,BD
, Gildner,TE
, Thiele,E
, Biritwum,RB , et al. Chronic noncommunicable diseases in 6 low- and middle-income countries: findings from wave 1 of the World Health Organization’s study on Global Aging and Adult Health (SAGE). Am J Epidemiol. (2017) 185:414–28. doi: 10.1093/aje/kww125


 24. Gildner,TE
, Salinas-Rodríguez,A
, Manrique-Espinoza,B
, Moreno-Tamayo,K
, and Kowal,P
. Does poor sleep impair cognition during aging? Longitudinal associations between changes in sleep duration and cognitive performance among older Mexican adults. Arch Gerontol Geriatr. (2019) 83:161–8. doi: 10.1016/j.archger.2019.04.014 

 25. Smith,L
, Jacob,L
, Barnett,Y
, Butler,LT
, Shin,JI
, López-Sánchez,GF , et al. Association between food insecurity and sarcopenia among adults aged ≥65 years in low- and middle-income countries. Nutrients. (2021) 13:1879. doi: 10.3390/nu13061879 

 26. Liu,Q
, You,J
, Zhong,M
, Wu,Z
, Geng,Y
, and Huang,C
. Hemoglobin level is negatively associated with sarcopenia and its components in Chinese aged 60 and above. Front Public Health. (2023) 11:1081843. doi: 10.3389/fpubh.2023.1081843 

 27. Stump,CS
, Short,KR
, Bigelow,ML
, Schimke,JM
, and Nair,KS
. Effect of insulin on human skeletal muscle mitochondrial ATP production, protein synthesis, and mRNA transcripts. Proc Natl Acad Sci USA. (2003) 100:7996–8001. doi: 10.1073/pnas.1332551100 

 28. Penninx,BW
, Pahor,M
, Cesari,M
, Corsi,AM
, Woodman,RC
, Bandinelli,S , et al. Anemia is associated with disability and decreased physical performance and muscle strength in elderly individuals. J Am Geriatr Soc. (2004) 52:719–24. doi: 10.1111/j.1532-5415.2004.52208.x 

 29. De La Cruz-Góngora,V
, Salinas-Rodríguez,A
, Flores-Aldana,M
, and Villalpando,S
. Etiology of Anemia in older Mexican adults: the role of hepcidin, vitamin A and vitamin D. Nutrients. (2021) 13:3814. doi: 10.3390/nu13113814 

 30. Dalle,S
, Rossmeislova,L
, and Koppo,K
. The role of inflammation in age-related sarcopenia. Front Physiol. (2017) 8:1045. doi: 10.3389/fphys.2017.01045 

 31. López-Otín,C
, Blasco,MA
, Partridge,L
, Serrano,M
, and Kroemer,G
. Hallmarks of aging: an expanding universe. Cell. (2023) 186:243–78. doi: 10.1016/j.cell.2022.11.001 

 32. Velázquez Alva Mdel,C
, Irigoyen Camacho,ME
, Delgadillo Velázquez,J
, and Lazarevich,I
. The relationship between sarcopenia, undernutrition, physical mobility and basic activities of daily living in a group of elderly women of Mexico City. Nutr Hosp. (2013) 28:514–21. doi: 10.3305/nh.2013.28.2.6180 

 33. Andrès,E
, Federici,L
, Serraj,K
, and Kaltenbach,G
. Update of nutrient-deficiency anemia in elderly patients. Eur J Intern Med. (2008) 19:488–93. doi: 10.1016/j.ejim.2008.01.016 

 34. Andrès,E
, Serraj,K
, Federici,L
, Vogel,T
, and Kaltenbach,G
. Anemia in elderly patients: new insight into an old disorder. Geriatr Gerontol Int. (2013) 13:519–27. doi: 10.1111/ggi.12017 

 35. Yen,PK
. Nutritional anemia. Geriatr Nurs. (2000) 21:111–2. doi: 10.1067/mgn.2000.107138


 36. Cruz-Góngora,V
, Martínez-Tapia,B
, Cuevas-Nasu,L
, Flores-Aldana,M
, and Shamah-Levy,T
. Dietary intake and adequacy of energy and nutrients in Mexican older adults: results from two National Health and Nutrition Surveys. Salud Publica Mex. (2017) 59:285–98. doi: 10.21149/7851 

 37. Sánchez-Pimienta,TG
, López-Olmedo,N
, Rodríguez-Ramírez,S
, García-Guerra,A
, Rivera,JA
, Carriquiry,AL , et al. High prevalence of inadequate calcium and iron intakes by Mexican population groups as assessed by 24-hour recalls. J Nutr. (2016) 146:1874S–80S. doi: 10.3945/jn.115.227074 

 38. Dona,AC
, DeLouize,AM
, Eick,G
, Thiele,E
, Salinas Rodríguez,A
, Manrique Espinoza,BS , et al. Inflammation and central adiposity as mediators of depression and uncontrolled diabetes in the study on global AGEing and adult health (SAGE). Am J Hum Biol. (2020) 32:e23413. doi: 10.1002/ajhb.23413 


Copyright
 © 2024 De La Cruz-Góngora, Salinas-Rodriguez and Manrique-Espinoza. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fnut-11-1323450-t003.jpg
Incident sarcopenia

Persistent sarcopenia

Cl195% p-value® Cl195% p-value®
Anemia (ref: none)
Recovery 054 020 143 022 105 0.26 426 095
Incident 366 118 119 002 063 020 206 045
Persistent 075 018 320 070 359 114 .27 003
“Adjusted for covariates shown in





OPS/images/fnut-11-1323450-t001.jpg
Sarcopenia®

Total n =1,500 None/recovery Incidentn =99  Persistent n =163
,238
Exposure
Anemia (%) 17.39 15.60 3051 2641 0.07
Covariates
Sex (female, %) 5448 55.75 4470 49.47 044
Age (years) 6119 (0.49) 59.77 (0.45) 69.02(1.55) 6986 (1.87) <001

Body mass index [weight

(kg) + squared height

(meters)] 28.69 (0.25) 2853 (0.27) 29.51(1.03) 29.72(0.71) 0.27

Multimorbidity (2 or more

chronic conditions) (%) 61.66 59.97 61.68 77.38 0.09

Coreactive protein (mg/L) 142 0.09) 142(0.10) 167 (0.46) 122(0.22) 061
Physical activity (%)

Low 4581 4441 67.63 46.20

Moderate 2585 2627 2184 224

High 2834 2932 10.53 29.56 0.19

Sedentary behavior (daily
sitting hours) 2.65(0.14) 267 (0.15) 2.19(041) 278(0.33) 053

lcohol consumption (%)

Never 37.09 3552 5002 4419
Ever drinker, no longer 4727 4852 42,67 3837
Current drinker (low risk) 1033 1075 166 1146
Current drinker (high risk) 530 521 566 598 057

Tobacco use (%)

Never 7141 7180 67.80 6951
Ever smoked, no longer 1351 1299 1208 1915
Current smoker, not daily 230 235 an 0.80
Current smoker, daily 1279 1286 16.01 1024 0.82
Eruits and vegetable
consumption (number of
portions per day) 282(0.12) 281(0.13) 3.26(0.20) 269 (0.30) 0.10
Food insecurity (%)
None 7808 7838 86.01 7072
Moderate 808 9.02 366 192
Severe 1384 12,60 1033 2737 <001
Schooling (years of formal
education) 6.20(038) 651 (0.42) 465 (061) 4.26 (0.64) <001
Socioeconomic status
(assets index) 0.13(0.09) 0.19 (0.10) 0.16 (0.16) 021 (0.25) 0.03
Dielling area (rural, %) 232 2401 18.24 9.04 010

Cells are percentages or means (std. error).
‘pevalue for chi-square or ANOVA tests.






OPS/images/fnut-11-1323450-t002.jpg
Estimator Cl 95%

None/recovery 855 513 888
Sarcopenia Incident 53 37 77
Persistent 92 64 130
None 707 647 760
Recovery 120 86 164
Anemia
Incident 106 73 150

Persistent 69 47 98





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Prospective changes in anemia are associated with the incidence and persistence of sarcopenia among older Mexican adults



		1 Introduction



		2 Materials and methods



		2.1 Population and sample



		2.2 Outcome



		2.2.1 Sarcopenia









		2.3 Main exposure



		2.3.1 Anemia









		2.4 Covariates



		2.5 Statistical analyses



		2.6 Ethics









		3 Results



		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		References



















OPS/images/fnut-11-1323450-g001.jpg
Baslo e
e 2015

2000

Follwsanple Wave 3, 2017)
i1

194Desd
107 Lot ool

Ayt simple
s






OPS/images/fnut-11-1323450-g002.jpg
Recovery

= Incident

w Persistent

Incident

Anemia

P

ersistent






OPS/images/cover.jpg
, frontiers | Frontiers in Nutrition

Prospective changes in anemia
are associated with the incidence
and persistence of sarcopenia
among older Mexican adults












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
’frontiers ‘ Frontiers in Nutrition






