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Resumen

Objective. To describe de prevalence of iron deficiency
(ID) and anemia in a sample of Mexican elderly population
from the National Health and Nutrition Survey (Ensanut)
2012. Materials and methods. 1 920 subjects ≥60 years
of age were included. Hemoglobin, serum concentrations of
ferritin and CRP were measured.The risk for ID and anemia
adjusted for potential confounders was assessed in logistic
regression models. Results. The overall prevalence of
anemia was 13.9%, 15.2% in males and 12.8% females. For ID,
overall it was 4.2%, males 4.0% and females 4.3%.The greatest
prevalence of ID was found in males and females over 80 years
old (6.9 and 7.0%, respectively). ID was present in 1.5 of 10
Mexican elders with anemia. Conclusion. The prevalence
of anemia was high in the elderly, however the prevalence of
ID was low; there is a need to further investigate the causes
of anemia in this age group.

Objetivo. describir la prevalencia de deficiencia de hierro
(DH) y anemia en adultos mayores (AM) mexicanos participantes de la Encuesta Nacional de Salud y Nutrición 2012.
Material y métodos. 1 920 sujetos ≥60 años fueron
incluidos. Se midió hemoglobina, concentraciones séricas
de ferritina y PCR. El riesgo de DH y anemia ajustada por
confusores fueron evaluados por medio de modelos de
regresión logística. Resultados. La prevalencia de anemia
fue 13.9% (15.2% hombres, 12.8% mujeres) y de DH 4.2%,
(4.0% hombres, 4.3% mujeres). La mayor prevalencia de ID
se encontró en mayores de 80 años (6.9% hombres, 7.0%
mujeres). 1.5 de 10 adultos mayores mexicanos con anemia
presentaron DH. Conclusión. La prevalencia de anemia
continua siendo alta en los adultos mayores, mientras que la
prevalencia de DH es baja. Es necesario investigar las causas
de anemia en este grupo de edad.
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A

nemia is a common condition in the elderly, its
prevalence increases with age and it is associated
with higher risk of morbidity, disabilities, low quality
of life, cardiovascular or neurological diseases and
risk of death.1-5 Anemia was 17.1% in elder population

(1)

in 2006 and 16.5% in 2012, in national representative
surveys of Mexico.6
Smith and colleages in a cohort study found that
in the elderly the most frequent cause of anemia were
chronic diseases (30-45%), followed by iron deficiency
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(ID) (15-30%).7 ID is defined as a negative balance
between body requirements and iron supply.8 Insufficient dietary iron intake, malabsorption of iron and
blood losses due to chronic gastrointestinal diseases or
typical conditions for advanced age are common causes
of ID.9,10 In 2006, ID (categorized as serum ferritin <12
µg/L) represented 9.4% of Mexicans older than 65 years,
while the prevalence of inadequate iron intake (<16 mg/
day EAR) was 88.2% for women and 76.6% for males.11
The objective of this study is to describe the
prevalence and predictors for ID and anemia in elderly
Mexican population participating in the National Health
and Nutrition Survey (Ensanut) 2012, by sex, age, rural
or urban dwelling, and geographic region, affiliation to
social programs and health services.

Materials and methods
Study population. Information for the present analysis
was extracted from the Ensanut 2012 dataset. This is
a probabilistic survey, representative at the national,
regional, and urban and rural levels, stratified by clusters and survey design. 1 920 adults older than 60 years
(900 males, 1 020 females) have a complete registry of
personal data and hemoglobin, C reactive protein (CRP)
and ferritin data. Demographic and socioeconomic information was collected using specific questionnaires.
Ethnicity was classified as indigenous when an indigenous language was spoken by a member of the family.
Localities with less than 2 500 habitants were considered
as rural and otherwise urban.6
A household wealth index (HWI) was constructed
based on the household characteristics and family assets by a principal component analysis, the index was
divided into tertiles to stratify the population into low,
middle and high HWI categories. The country was
divided in three geographic regions: Northern, CenterMexico City, and Southern. Weight and height was collected using validated and standardized methods.12,13
Body Mass Index (BMI) was computed based on height
and weight.14 Information of affiliation to social programs Liconsa (distributes fortified milk at subsidized
prices) Prospera (cash transfer program that provides
fortified baby food to children younger than 2 years and
a drink for pregnant and lactating mothers) or Adultos
mayores (older adults social program, a cash transference
program for persons older than 65 years of age) were
obtained through questionnaires in the survey.
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cryovials, preserved in liquid nitrogen until delivery
to the central laboratory in Cuernavaca, Mexico where
stored at -70 °C until determination.
Serum ferritin concentrations were measured by
chemiluminescent microparticle immunoassay method
and CRP was measured by immunoassay, using ultrasensitive monoclonal antibodies; Abbott commercial
kits were used for the determination. The measurements
were performed in an automatic autoanalyzer (Architect
i2000, Abbott Diagnostic, Wiesbaden, Germany).
The intra assay variability for ferritin was 3.35%
and for CRP 4.4%. Serum ferritin concentrations were
adjusted for inflammation when CRP was >5 mg/L
using the equation of Thurnham and colleages.15
Hemoglobin concentrations were measured with
a fingerprick in capillary blood using a portable photometer (Hemocue, Angelholm, Sweden) and concentrations were adjusted by altitude using the equation
of Haas.16
Low iron stores was defined when serum concentrations of ferritin was<15 µg/L. Anemia was defined
when adjusted Hb concentrations was <120 g/L for
females or <130 g/L for males. Iron deficiency anemia
(IDA) was defined when an abnormally low Hb value
coexisted with values of ferritin <15 µg/L.17
Data from the Ensanut 2006, a probabilistic, multistage, stratified, clustered survey were used to compare
anemia, ID and IDA prevalences of 2012 survey. Ensanut
2006 methodology is described elsewhere in detail.18,19
Statistical analysis. The characteristics of the sample
and prevalence of anemia and ID are described as
frequencies and 95% confidence intervals, stratified by
sex. Differences in characteristics and prevalence were
tested through simple logistic regression adjusted by
sex and group of age. We constructed to test the risks
for anemia, ID and IDA, and heterogeneity of effects
by sex and age, through multivariate logistic regression
models adjusting by HWI status, BMI, CRP, dwelling,
geographical region, ethnicity and affiliation of households to social programs.
Data from Ensanut 2006 were reanalyzed with the
same criteria than for Ensanut 2012. Statistical significance was set at a=0.05 and a=0.10 for interactions. All
analyses were adjusted for the sampling design of the
survey, using STATA v 13.

Ferritin and hemoglobin determinations. Blood samples
were drawn from an antecubital vein, centrifuged at
3 000 g, in situ. Serum was separated and stored in coded

Ethical aspects. The protocol was approved by the Research, Ethics and Biosafety Committees of Instituto
Nacional de Salud Pública, Mexico. Individual informed
consent letters were obtained from all participants after
explaining the nature, goals and methods of the survey.
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Results
This analysis includes 2 328 adults older than 60 years.
The characteristics of the sample are presented in table I.
Briefly, more than half of the sample was 60-69 years,
32.8% 70-79 years and 15.5% ≥80 years old, with a proportion male/female of 44.9/55.2%. Most of them live
in urban (77.5%) and about 8.5% were of indigenous ethnicity; 26.3% belonged to the tertile 1, and 42.7% to the
tertile 3 of HWI. A great majority presented overweight
(40.9%) or obesity (27.8%). The households affiliated
to Social programs were: to Prospera, 28.7%, to Liconsa,
9.2%, and to Adultos mayores, 26.1% (table I).

Prevalence of anemia, ID and IDA
Anemia. The overall prevalence of anemia was 13.9%,
males 15.2%, females 12.8%. There was an increment
of anemia with increasing age, i.e. it went from 8.7% to
23.6% in the three groups of age. The anemia gradient was
affected by sex so that the younger group of males had
a lower prevalence than the other two groups of males.
In rural areas, Center and Southern regions of the
Country and in low and middle tertiles of HWI anemia
was more prevalent than in urban areas, North region or
high tertile of HWI. It was observed an inverse tendency
for the BMI and anemia, ranking from 44.9% in the low
weight category to 10.6% in obese elders. There were
no differences by ethnicity.
In subjects affiliated to Prospera or Adultos mayores,
the prevalence of anemia was higher, around 9.5 pp and
7.4 pp, respectively than in non-affiliated, disparities
that were more evident in males than in females. Liconsa
program affiliation was associated with almost half the
prevalence of anemia than in non-affiliated (14.8%).
These differences were observed between males affiliated and non-affiliated to Liconsa, but not in females.
In iron deficient, anemia rose to 51.5%, fourfold the
prevalence in non-iron deficient. No differences by sex
were found (table II).

Risk of anemia, ID and IDA
In the multiple logistic regression, we found a different
effect by sex and group of age for risk of anemia, being
higher in males of 70-79 y (OR: 1.80) and in >80 y (OR:
2.49) than in younger males of 60-69 y. Characteristics
associated with risk to present anemia were: living in
the Southern region, low and middle tertile of HWI,
and low BMI. On the other side, overweight and obesity
were protective factors for anemia. The risk for anemia
was not different by dwelling, ethnicity or affiliation
to social programs. CRP >5 mg/L was associated with
1.85 times the risk for anemia than normal CRP, while
ID was associated with 6.9 times the risk for anemia
than non-iron deficiency (table III).
ID. The risk of ID suggests a different effect by sex and
group of age, being higher for women ≥80 y old (OR:
7.9). Residents of the rural dwelling and indigenous
presented higher risk factors of ID than their counterparts. Living in the Southern region was associated
with less risk of ID, contrary to what was observed in
anemia. (table III).
IDA. Risk of IDA was higher in males aged 70-79 y (OR:
3.7) than in 60-69 y. The higher risk of IDA was observed
in females >80 y. The risk for IDA was not different by
dwelling, region, ethnicity, HWI status or affiliation to
social programs (table III).

Changes in the prevalence of anemia, ID
and IDA between Ensanut 2006 and 2012
The overall prevalence of anemia between 2006 and
2012 did not change, remaining in 14% (figure 1A).
In both surveys elderly ≥80 y old showed the highest
prevalence of anemia.
The prevalence of ID significantly decreased 5.3 pp
(figure 1B). In males the prevalence reduced 7.1 pp and
in females 3.1 pp between surveys. The highest reduction of ID through time was found in elderly ≥80 y old
from 17.22% in 2006 to 4.5% in 2012.
Overall IDA prevalence in elderly was 3.8% in 2006
and 2.2% in 2012. We found a significant reduction of
3.4 pp of IDA in the 60-69 y old group (figure 1C).

Iron deficiency (ID). The overall prevalence of ID was
4.2%, 4.0% in males and 4.3% in females. The higher
prevalence of ID was observed in 70-79 y old males
(6.9%) and females (7.0%) compared with the other two
age categories.
In elders affiliated to Prospera ID was higher (5.2%)
than in non-affiliated (3.7%); this was significantly
higher in males (7.1 vs 2.9%) but not in females. The
prevalence of ID was not different by dwelling, region,
ethnicity, HWI or inflammation. The overall prevalence
of anemia was very high in iron deficient (15.3%), being
in males 11.8% and in females 18.1% (table II).

Anemia in Mexican elderly is similar as that of older
adults from Brazil (7.7%)20 and Mexican-Americans
(10.4%)21 from the NHANES III, being more noticeable
in elders over 70 y, and more prevalent in males than
females. These differences between sex are consistent
with other studies.22-24
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26.1 (22.2-30.5)

Adultos Mayores

Liconsa

Yes
694 (26 566.4)
* Values are medians (95% CI)
‡
(thousands) is the expansion for overall population expressed in thousands
Ensanut: National Health and Nutrition Survey

26.3 (23.7-29.3)
31.0 (27.6-34.6)
42.7 (38.6-47)

77.5 (75.2-79.8)
22.5 (20.3-24.9)
18.3 (16.5-20.3)
50.3 (46.8-53.9)
31.4 (28.7-34.4)
8.5 (6.9-10.4)
91.5 (89.7-93.2)

32.8 (29.2-36.8)
15.5 (12.2-19.7)
1.01 (0.69-1.53)
30.25 (26.44-34.36)
40.93 (36.89-45.1)
27.81 (24-31.97)
75.2 (71.4-78.6)
24.8 (21.4-28.7)
2.46 (1.11-4.87)
84.21 (41.91-107.73)
14.14 (12.90-15.37)

71.3 (67.7-74.8)
28.7 (25.3-32.4)
90.8 (86.7-93.9)
9.2 (6.2-13.4)
73.9 (69.6-77.9)

1 006 (28 004.9)
779 (32 891.8)
543 (45 380.6)

1 363 (82 429.3)
965 (23 848)
516 (19 393.9)
951 (53 483)
861 (33 400.3)
302 (8 989.4)
2 026 (97 287.8)

799 (34 918.8)
373 (16 518)
43 (1 004.2)
675 (29 705.4)
858 (40 196.3)
616 (27 308.2)
1 723 (79 908.2)
605 (26 369)
2 328 (106 277)
2 328 (106 277)
2 122 (101 002)

Frequency (%) (95%CI)
51.7 (47-56.3)

Overall
n sample (thousands)‡
2 328 (106 277)
1 156 (54 840.5)

1 366 (75 831.8)
962 (30 445.5)
2 146 (92 604.9)
126 (9 288.87)
1 579 (75 283.7)

Social programs affiliation
Prospera (before Oportunidades)
No
Yes
No
Yes
No

1 (Low)
2 (Middle)
3 (High)

Household Wealth Index (tertile)

Ethnicity

Region

Urban
Rural
Northern
Center
Southern
Indigenous
Non indigenous

70-79
>=80
Low weight
Normal
Overweight
Obesity
Normal (<5 mg/L)
High (>5 mg/L)
mg/L
µg/L
g/L

60-69

Dwelling

Serum C-reactive protein concentration*
Serum ferritin concentration*
Capillary hemoglobin concentration*

High serum CRP concentrations

Nutritional status

Group of age (years )

Variable

Table I

311 (10 402.3)

649 (35 214.9)
413 (12 478.6)
1,001 (43 256.4)
39 (2 634.9)
729 (35 441.1)

478 (12 662)
354 (15 359.8)
230 (19 671.8)

585 (35 387)
477 (12 306.5)
254 (9 019.4)
429 (23 475.1)
379 (15 199)
143 (4 689.7)
919 (43 003.9)

341 (12 335.3)
185 (8 651.3)
18 (430.1)
371 (15 513.5)
410 (20 441.9)
211 (8 753.4)
834 (36 528.4)
228 (11 165.1)
1 062 (47 693.5)
1 062 (47 693.5)
990 (47 700.6)

n sample (thousands)‡
1 062 (47 693.5)
536 (26 706.9)

22.6 (18.9-27.1)

73.8 (69.7-77.7)
26.2 (22.4-30.4)
94.2 (90.1-96.8)
5.8 (3.3-10)
77.4 (73-81.2)

26.5 (23.2-30.3)
32.2 (27.2-37.7)
41.3 (35.4-47.5)

74.2 (70.8-77.4)
25.8 (22.7-29.3)
19.0 (16.4-21.9)
49.2 (44.5-54.1)
31.8 (28.2-35.8)
9.8 (7.8-12.4)
90.2 (87.7-92.3)

25.9 (21.9-30.4)
18.1 (12.5-25.8)
0.96 (0.51-1.81)
34.37 (28.94-40.25)
45.27 (39.04-51.7)
19.4 (15.8-23.58)
76.5 (69.2-82.7)
23.5 (17.4-30.9)
2.06 (0.77-4.67)
94.33 (52.24-120.17)
14.92 (13.84-16.24)

Frequency (%) (95%CI)
44.9 (40.4-49.6)
56.0 (48.6-63.2)

Males

Description of the sample of Mexican elderly. Ensanut 2012

383 (16 164.2)

717 (40 616.8)
549 (17 966.9)
1,145 (49 348.5)
87 (6 654)
850 (39 842.5)

528 (15 342.9)
425 (17 532.1)
313 (25 708.8)

778 (47 042.2)
488 (11 541.5)
262 (10 374.6)
522 (30 007.9)
482 (18 201.3)
159 (4 299.8)
1,107 (54 284)

458 (22 583.5)
188 (7 866.66)
25 (574.1)
304 (14 191.9)
448 (19 754.4)
405 (18 554.8)
889 (43 379.9)
377 (15 203.9)
1 266 (58 583.8)
1 266 (58 583.8)
1 132 (53 301)

28.8 (23.2-35.4)

69.4 (63.7-74.6)
30.6 (25.5-36.4)
88.2 (80.4-93.1)
11.8 (7-19.7)
71.2 (64.7-76.9)

26.2 (22.8-30)
29.9 (25.1-35.3)
43.9 (37.9-50.1)

80.2 (77.9-82.6)
19.8 (17.5-22.2)
17.7 (15.6-20.1)
51.2 (47.2-55.3)
31.1 (27.9-34.5)
7.4 (5.6-9.7)
92.6 (90.4-94.5)

38.5 (33.1-44.4)
13.4 (9.5-18.7)
1.09 (0.66-1.79)
26.74 (21.44-32.82)
37.21 (31.7-43.1)
34.96 (29.55-40.8)
74.0 (69.3-78.3)
26 (21.7-30.8)
2.85 (1.42-5.21)
75.97 (36.72-99.12)
13.43 (12.48-14.40)

Frequency (%) (95%CI)
55.2 (50.5-59.7)
48.1 (42.8-53.4)

Females
n sample (thousands) ‡
1 266 (58 583.8)
620 (28 133.3)
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Variable

Dwelling

Anemia

Iron deficiency

High serum CRP concentrations

Nutritional status

Overall
Group of age (Years old)

No
Yes
No
Yes
No
Yes

% (95%CI)

Males
% (95%CI)

Females

13.94 (11.73-16.48) 15.27 (12.06-19.14) 12.83 (9.74-16.72)
8.71 (6.55-11.50)
8.62 (5.44-13.38)
8.8 (6.30-12.17)
17.16 (12.64-22.87)d 20.72 (15.27-27.48)d 15.15 (9.29-23.75)a
23.6 (15.98-33.39)d 26.41 (14.87-42.44)c 20.46 (12.02-32.63)c
44.99 (26.06-65.49)c 61.76 (28.39-86.81)b 30.88 (11.96-59.5)
18.02 (13.31-23.93) 21.76 (15.06-30.39) 13.9 (8.77-21.33)
9.09 (6.78-12.08)b
6.92 (4.31-10.94)d 11.45 (8.04-16.05)
10.64 (7.34-15.17)
12.92 (6.71-23.45)
9.54 (6.21-14.37)
11.94 (9.5-14.94)
12.50 (9.50-16.29) 11.45 (7.87-16.37)
19.97 (14.64-26.63)b 24.43 (14.56-38.01) 16.68 (11.82-23.01)
12.32 (10.42-14.50)
14 (10.7-18.12)
10.91 (8.62-13.7)
51.50 (31.51-71.0)b 46.78 (27.83-66.7)d 55.01 (28.04-79.33)d
13.05 (10.51-16.08)
14.19 (10.45-19)
12.15 (8.63-16.86)
17.22 (13.48-21.74)a 18.54 (13.55-24.83) 15.77 (11.27-21.62)
14.81 (11.19-19.34)
15.13 (9.86-22.51) 14.53 (9.87-20.87)a
10.23 (7.24-14.27)a
11.96 (7.66-18.18)
8.89 (4.78-15.95)
20.12 (16.17-24.76)a 20.84 (15.22-27.85) 19.45 (14.66-25.35)
17 (11.34-24.71)
18.59 (10.65-30.44) 15.07 (8.63-25.02)
13.69 (11.36-16.4)
14.93 (11.52-19.13) 12.68 (9.44-16.81)
20.74 (17.14-24.86) 21.02 (16.05-27.04) 20.51 (15.55-26.54)
15.39 (11.5-20.28)A
18.33 (12.4-26.26) 12.67 (8.41-18.64)a
8.94 (5.72-13.7)d
9.48 (5.65-15.48)b 8.51 (4.09-16.86)b

% (95%CI)

Anemia

1228 (70 534.8)
11.34 (8.82-14.47)
11.25 (7.89-15.81) 11.41 (7.64-16.71)
836 (26 695.3) 20.82 (16.87-25.41)bD 27.15 (21.18-34.09)c 16.25 (11.82-21.92)
1902 (84 032.3) 14.85 (12.41-17.66) 16.31 (12.84-20.49) 13.52 (10.04-17.97)
116 (9034.79)
6.96 (2.79-16.34)
3.51 (0.88-13.01)b
8.35 (2.6-23.75)
1417 (68 831)
12.16 (9.59-15.29)
10.71 (7.75-14.63) 13.49 (9.47-18.86)
601 (24 188.1) 19.58 (15.09-25.02)D 32.38 (24.03-42.03)d 11.34 (7.68-16.42)

n sample
(thousands)#
2 064 (97 230)
60-69
1 023 (49 673.8)
70-79
712 (31 844)
>=80
324 (15,250)
Low weight
38 (926.4)c
Normal
585 (26 952.4)
Overweight
774 (36 981.4)
Obesity
548 (24 988.7)
Normal
1 520 (73 079)
High (>5 mg/L)
544 (24 151)
No
1 970 (93 209.4)
Yes
94 (4 020.6)
No
Yes
Urban
1216 (76 389.6)
Rural
848 (20 840.4)
Northern
514 (19 369.9)
Center
858 (50 340.5)
Southern
692 (2 7519.6)
Indigenous
243 (7 439.55)
Non indigenous 1821 (89 790.4)
1 (Low)
879 (24 604.9)
2 (Middle)
690 (30 406.9)
3 (High)
495 (42 218.1)

Overall

1366 (75831.8)
962 (30445.5)
2146 (92604.9)
126 (9288.9)
1579 (75283.7)
694 (26566.4)

2 328 (106 277)
1 156 (54 840.5)
799 (34 918.8)
373 (16 518)
43 (1 004.2)
675 (29 705.4)
858 (40 196.3)
616 (27 308.2)
1 723 (79 908.2)
605 (26 369)
1 708 (83 680.4)
356 (13 549.5)
1 363 (82429.3)
965 (23848)
516 (19393.9)
951 (53483)
861 (33400.3)
302 (8989.4)
2 026 (97287.8)
1 006 (28004.9)
779 (32891.8)
543 (45380.6)

n sample (thousands)*

% (95%CI)

Males
% (95%CI)

Iron deficiency

3.78 (2.15-6.56)
5.25 (3.76-7.28)A
4.44 (2.96-6.62)
2.18 (0.7-6.64)
4.15 (2.47-6.88)
4.5 (3.05-6.58)

2.96 (1.6-5.42)
7.14 (4.6-10.93)b
4.43 (2.97-6.55)
0 (0-0)
3.74 (2.22-6.25)
5.67 (3.37-9.36)

4.2 (2.87-6.12)
4.05 (2.74-5.97)
2.34 (1.41-3.87)A 3.23 (1.61-6.37)
6.98 (3.91-12.18)c 6.91 (4.2-11.16)a
4.5 (2.52-7.93)a
2.54 (1.06-5.96)
2.47 (0.66-8.82) 3.23 (0.42-20.88)
3.33 (2.03-5.41)
2.92 (1.43-5.88)
3.44 (2.2-5.33)
3.84 (2.14-6.79)
3.71 (1.63-8.2)
5.38 (2.06-13.32)
4.3 (2.7-6.8)
3.7 (2.2-6.0)
3.9 (2.4-6.5)
4.8 (2.4-9.3)
2.3 (1.41-3.83)
2.43 (1.26-4.65)
15.28 (8.4-26.3)d 11.86 (7.03-19.31)d
3.84 (2.29-6.39)
3.78 (2.23-6.33)
5.44 (3.83-7.66)
3.89 (1.83-8.09)
4.49 (2.47-8.01)
4.39 (1.92-9.7)
4.82 (2.61-8.75)
4.9 (2.77-8.54)
3.04 (1.99-4.61)
2.55 (1.36-4.71)
4.6 (2.69-7.75)
4.21 (1.75-9.79)
4.17 (2.74-6.28)
4.04 (2.64-6.14)
4.17 (2.88-6.01)
3.99 (2.37-6.62)
2.73 (1.72-4.33)
2.54 (1.38-4.64)
5.28 (2.71-10.05) 5.28 (2.74-9.93)

Overall

Females

4.49 (2.11-9.32)
3.94 (2.41-6.37)
4.46 (2.38-8.2)
3.04 (0.91-9.71)
4.51 (2.12-9.33)
3.75 (2.16-6.44)

4.32 (2.46-7.48)
1.5 (0.78-2.88)
7.03 (3.01-15.53)c
6.66 (3.18-13.44)c
1.9 (0.4-8.53)
3.77 (1.92-7.29)
3.03 (1.51-5.99)
2.92 (1.27-6.59)
5.3 (2.7-10.1)
2.91 (1.35-6.16)
2.26 (1.33-3.79)
18.71 (7.5-39.52)d
4.84 (3-7.72)
6.07 (3.72-9.76)
4.58 (2.16-9.43)
4.76 (1.87-11.64)
3.45 (1.93-6.1)
5.02 (2.51-9.79)
4.27 (2.31-7.74)
4.33 (2.57-7.19)
2.9 (1.46-5.69)
5.29 (1.96-13.5)

% (95%CI)

Ensanut: National Health and Nutrition Survey

Intravariable, intergroup difference a=p<0.10, b=p<0.05, c=p<0.01, d=p<0.001
Intragroup intersex differences: A=p<0.10, B=p<0.05, C=p<0.01, D=p<0.001
Reference category: 60-69 y, urban dwelling, Northern Region, Non indigenous, high HWI, normal nutritional status, non-affiliated to Prospera, Liconsa or Adultos Mayores, Normal CRP serum concentrations, no Iron deficiency or No anemia
Logistic regression models were adjusted by sex and group of age

* (thousands) is the expansion for overall population expressed in thousands

Adultos Mayores

Liconsa

Social program affiliation
Prospera (before Oportunidades)

Household Wealth Index (tertile)

Ethnicity

Region

Table II

Prevalence of anemia and iron deficiency (measured through capillary hemoglobin) and ferritin serum concentrations by sex in
Mexican elderly. Ensanut 2012

Artículo original
Contreras-Manzano A y col.

salud pública de méxico / vol. 57, no. 5, septiembre-octubre de 2015

Anemia and iron deficiency in elderly population

Artículo original
Table III

Multivariate Logistic regression model for predicting variables
for iron deficiency and anemia. México, Ensanut 2012
F<0.001

Group of age (years old)

Sex
Interaction: Group of age and sex
Nutritional status

Iron deficiency
C-reactive protein (>5 mg/L)
CRP concentration

Risk for anemia
n sample (1 904)
thousands (86 188.0)b
60-69 y (Males)
70-79 y (Males)
≥80 y (Males)
Males (60-60 y)
Females (60-69 y)
70-79 y oldXsex (Females)
≥80 y oldXsex (Females)
Low weight
Normal
Overweight
Obesity
No
Yes
No
Yes
mg/L

OR (CI 95%)
Ref.
1.80 (0.92-3.49)
2.49 (1.1-5.65)
Ref.
1.04 (0.55-1.97)
0.60 (0.26-1.41)
0.57 (0.2-1.69)
2.97 (1.3-6.79)
Ref.
0.50 (0.3-0.82)
0.67 (0.37-1.23)
Ref.
6.9 (3.28-14.51)
Ref.
1.85 (1.13-3.02)
-

Urban
Rural
Northern
Center
Southern
No Indigenous
Indigenous
1 (Low)
2 (Middle)
3 (High)

Ref.
0.86 (0.56-1.33)
Ref.
0.74 (0.44-1.23)
1.64 (0.96-2.82)
Ref.
0.62 (0.32-1.21)
2.24 (1.25-4)
1.85 (0.97-3.53)
Ref.

No
Yes
No
Yes
No

Ref.
1.22 (0.75-1.98)
Ref.
0.92 (0.35-2.42)
Ref.

Yes

1.26 (0.79-2)

Dwelling
Region

Ethnicity
Household Wealth Index (tertile)

Social programm affiliation
Prospera (before Oportunidades)
Liconsa
Adultos Mayores

p Value
0.087
0.029
0.908
0.232
0.308
0.010
0.006
0.189
0.001
0.015
-

0.490
0.230
0.074
0.158
0.007
0.064

0.437
0.854
0.349

Risk for Iron deficiency
n sample(2 143)
thousands (94 353.2)
OR (95% CI)
Ref.
2.94 (1.21-7.13)
0.67 (0.21-2.18)
Ref.
0.55 (0.19-1.63)
0.88 (0.2-3.93)
7.99 (1.53-41.83)
0.54 (0.15-2.05)
Ref.
1.18 (0.57-2.45)
1.73 (0.59-5.15)
0.98 (0.93-1.03)
Ref.
2.01 (1.08-3.73)
Ref.
0.68 (0.27-1.68)
0.37 (0.17-0.81)
Ref.
1.96 (0.89-4.32)
0.79 (0.4-1.56)
0.59 (0.28-1.23)
Ref.
Ref.
1.46 (0.74-2.89)
Ref.
0.89 (0.26-3.03)
Ref.
0.64 (0.32-1.3)

p Value
0.018
0.499
0.276
0.860
0.014
0.361
0.660
0.324
0.340

0.028
0.395
0.012
0.095
0.486
0.154

0.288
0.840
0.215

Ensanut: National Health and Nutrition Survey

The magnitude of anemia due to ID is expected to
be less in elderly than in other age groups (2.5 times the
prevalence of anemia, OMS 2002).17 In our study ID is
one contributing factor for anemia, but not the most
important, since less than a third part of the prevalence
of anemia was associated with ID. The low prevalence

of ID in our study is in line with those reported in other
countries as Ecuador (1.6%),25 Netherlands (11% males
5% females 50-79 y),26 Taiwan (ferritin <12 µg/L; males
2.6% and females 1.9% >65 y),27 USA (4% for males 7%
for females >70 y),28 Singapore (0.4% in males and 2.6%
in females 50-60 y),29 and Denmark (ferritin <16 µg/L;
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1.8% males and 5.4% females >80 y);30 these prevalence
are different by sex as we observed in our sample. From
2006 to 2012 Mexico seems to have had a significant
reduction in the prevalence of ID, but it is important
to note that the high prevalence observed in 2006 was
probably associated to an oversampling in the Southern
region in order to have a more representative sample
of poor and indigenous people. There is no evidence
that other factors could be associated to this reduction,
such as: an improvement in the health services, a better
socioeconomic status, a better health care distribution

and utilization, or a positive effect of the social programs
on this population. In some subgroups of elders, data
suggested that being affiliated to Prospera or Adultos
mayores was associated with higher risk for anemia or
ID, probably evidencing a good targeting of the social
programs to the most vulnerable population to undernutrition and inequities. Liconsa is a program which,
according Ensanut 2012, provided fortified milk to 5.8%
of rural and 10.8% of urban dwelling poor households of
Mexico, and has a national coverage of 9.7%. That is why
probably we did not found differences in risk for anemia
among social programs and also because adulthood iron
deficiency plays a minor role in producing anemia in
this particular age group. Otherwise, sociodemographic
characteristics of elder population as rural dwelling or
low income showed significant evidence of risk for ID
and anemia in elders. Nevertheless, this cross-sectional
study does not allow making causal inferences.
Anemia was consistently higher in elders with low
weight, probably due to malnutrition of essential micronutrients in these ages, as vitamin B12, folate, zinc, vitamin
D, among others.10 In contrast, ID was more prevalent in
overweight and obese subjects than in those with normal
weight. It is possible that obesity underlies subclinical
inflammation which induced iron sequestration, affecting
iron availability to cells for its utilization; showing as a
consequence an iron deficiency status-iron refractory and
facing obese subjects at higher risk for ID.31,32
In our study, we observed that the increment of
CRP >5 mg/L was a risk factor for anemia and seems
to be a protective factor for ID, nevertheless a high CRP
concentration conditions an elevation of ferritin during
acute infections. Countries like Ecuador or Taiwan have
reported in their surveys high prevalence of abnormally
high ferritin concentrations (61.7% >100 µg/L),25 (15.7%
males and 9.8% females >300 µg/L).27 In our population,
31.8% of the elderly presented serum ferritin concentrations higher than 100 µg/L and 3.8% had concentration
>300 µg/L, these cut off points indicate inflammation,
hemochromatosis or decompensated cirrhosis.33 This
high prevalence of hyperferritinemia in the elderly may
cause an underestimation of the prevalence of ID due to
increases in serum ferritin associated to chronic or acute
inflammation and an incorrect diagnosis of ID, even after making the correction of Turnham et al.15 using serum
CRP concentrations. One limitation of this study is that
we were not able to determine anemia for inflammatory
response properly or determine other causes of anemia,
such as folate and cobalamin deficiencies as well as a
complete evaluation of iron status.
Our results on the prevalence of ID in anemic Mexican elders are comparable with those of NHANES III
(16.6%).21 The higher rate of anemia not explained by
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A. Prevalence of anemia
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B. Prevalence of Iron deficiency
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C. Prevalence of Iron deficiency anemia
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Figure 1. Prevalence of anemia, iron deficiency
and iron deficiency anemia in a sample of elderly
from the National Health and Nutrition Sur-

veys of 2006 and 2012. Overall, National and
by decades of age.

Prevalence of a) Anemia, b)
Iron Deficiency and c) Iron Deficiency Anemia
in elderly. 2006: n sample = 834 (thousands =
9 547) 2012: n sample = 2 064 (thousands =
97 230)

Anemia and iron deficiency in elderly population

ID suggests that other nutritional deficiencies, systemic
inflammation or chronic renal insufficiency may be playing an important role in the pathogenesis of anemia.21,34
Structural factors, such as low HWI conditions, being
Southerner, affiliated to any social programs or having
a low weight, may contribute to understand the higher
risk for anemia and ID in Mexican older adults.
This study is the first work to document the prevalence of anemia, ID and IDA in Mexican elder population. The main strength of this work is its probabilistic
design, that provides a sampling that furnishes a national sample, with representativeness of the rural and
urban dwelling and geographic regions.

Conclusion
Anemia is a major health problem in the elderly in
Mexico, being the risk more severe in adults over 70
years. The prevalence of ID found in this study was
low for men and women. Further research is required to
identify the main causes of anemia at population-based
studies in older adults to maintain and improve their
health conditions.
Declaration of conflict of interests. The authors declare that they have no
conflict of interests.
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