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Abstract: The increase in the Chilean elderly population has promoted public policies to favor an
adequate nutrition in later life. This study evaluated the nutritional status, micronutrients intake and
serum micronutrients levels of an elderly group beneficiary of the PACAM from the Metropolitan
Region, Santiago de Chile. Anthropometric and dietary survey (24 h food recalls) were assessed
in 182 elderly individuals (60 and 80 years old). Blood serum collection was used to measure the
micronutrient status. The sample was comprised by 12.6%, 46.1%, 28.0% and 13.2% of underweight,
normal weight, overweight and obese subjects, respectively. Women presented 11% of underweight,
45% of normal weight and 44% of overweight and obese, while men—18%, 50% and 32%, respectively.
Only the 63% of the elderlies consumed PACAM foods, reaching average daily intakes below (50%)
the recommended daily serving. Serum deficiencies of 25-hydroxyvitamin D (88%), vitamin B12

(33%) and calcium (36%) were observed, being the highest ones in the PACAM foods women
(60–75 years old). Chilean elderlies presented mainly a normal weight; however, an important
proportion of overweight/obese subjects was observed. Although PACAM foods consumption
significantly increased the micronutrient intake, it was not enough to ensure an adequate serum
micronutrient levels in the elderly.

Keywords: older adults; nutritional status; micronutrients intake; serum micronutrients levels;
fortified foods; PACAM

1. Introduction

The World Health Organization (WHO, Geneva, Switzerland) defines aging as a
gradual and irreversible physiological process that involves changes in tissues and body
functions over time [1]. Aging is a process that goes on over the entire adult life span of any
living thing, and it takes place in a cell, an organ, or the total organism with the passage
of time. These changes cause limitations in the adaptability of the organism in relation to
its environment. Thus, the aging population will increasingly need special attention to
improve their quality of life [2].

Globally, life expectancy at birth has dramatically increased due to the declining of
infant and child mortality rates, combined with an improved access to health care. As a
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result, the world is experiencing a process of rapid population aging. By 2050, the global
population aged 65 years or over is expected to be more than quadruple that in 2004
(461 million), reaching nearly 2.1 billion [3]. The aging of the world population calls for
important challenges to countries and health systems. A response to these challenges has
been implementing programmes and policies targeted to older people, under the premise
that they require customized solutions to their needs [1].

Chile is not the exception, being among the countries with fastest growth of life
expectancy (82.1 and 77.3 years old for women and men, respectively) [4]. It is expected
that Chileans older than 60 years old will increase from the current 15.7% of population to
32.9% by 2050, while people older than 80 years old will reach 10.3% [5].

In 1998, the Chilean Ministry of Health established a program for older adults designed
to: (i) maintain the health and activity levels in later life, (ii) reduce the acute morbidity and
functional decline, (iii) decrease the health inequalities and (iv) promote an adequate elderly
nutrition through a complementary feeding program for older people (called PACAM) [6].

Since 1999, the PACAM has delivered foods to Chilean older adults who are benefi-
ciaries of the National System of Health Services [7,8]. The primary food of the PACAM
was a powdered soup (Crema Años Dorados). It is currently made with legumes and cereal
flours and fortified with vitamins and minerals [9]. Later, the Department of Nutrition
of the Faculty of Medicine from the University of Chile explored new complementary
feeding options, incorporating until today a powdered dairy drink for older adults (Bebida
láctea Años Dorados). This food is made from milk and cereals, fortified with minerals and
vitamins, and flavoured with vanilla.

Today, the distribution of the PACAM foods through the Chilean territory is successful,
reaching a delivery close to the 70% of the older population. However, the real effect of
the intake of these foods on the nutritional status and micronutrients serum levels of the
Chilean elderly is not fully elucidated. Only a few studies have evaluated the acceptability,
tolerance, and consumption of the PACAM foods, and their real contribution on the daily
feeding of their beneficiaries [6,9,10]. Regrettably, it was found that the PACAM foods did
not contribute to maintaining an adequate serum level of some critical micronutrients such
as vitamin B12, probably due to their insufficient absorption as consequence of the gastric
atrophy of elderly [6].

Biologically, aging process is understood as the time related to decline of physiological
functions, leading to changes in functional performance. Atrophic gastritis is one of
the common changes in gastrointestinal physiology with advancing age, with an overall
prevalence of 20% in elderly persons. Therefore, it could affect the bioavailability of specific
nutrients, such as minerals and vitamins whose absorption is pH dependent [10]. Hence,
all these physiological changes cause the deterioration of the nutritional status in elderly.

In Chile, one of the main challenges of nutritional intervention programs is to posi-
tively impact the nutritional status of the target population. The adequate design of policies
and programs for the elderly should encourage a healthy aging despite increasing longevity.
For that reason, the PACAM must satisfy the real nutritional needs of Chilean older popu-
lation. Hence, the aim of the present work was to determine whether consumption of food
distributed by the PACAM has a positive effect on the nutritional status, micronutrients
intake and serum levels in older adults from the Metropolitan Region, Santiago de Chile.

2. Materials and Methods
2.1. Setting and Sampling

The testing of older adults was conducted in 2018 based on the 209 food distribution
centres for elderlies financed by Chilean Government in the Metropolitan Region. The
sample size was calculated based on the Chilean vitamin D deficit with a standard mar-
gin of error of 5 percentage points and a 95% confidence level, according to the size of
the target population estimated by the Instituto Nacional de Estadísticas of Chile (INE,
Santiago, Chile) for 2017 [4]. It was randomized according to the socioeconomic status of
Chilean population.



Nutrients 2022, 14, 3 3 of 12

2.2. Nutritional Status of the Elderly

Nutritional status was determined using the body mass index criteria (BMI). The
BMI was calculated measuring the weight and the height according to the Chilean Health
Ministry (MINSAL, Santiago, Chile) policy [11]. Weight and height were measured in
barefoot volunteers in light clothing, using a balance (SECA 803, Hamburg, Germany,
precision 0.1 kg) and an attached stadiometer (SECA 213, Hamburg, Germany, 0.1 cm).
The BMI was classified according to the nutritional status in the following categories: ≤23
(underweight); >23.1 a 27.9 (normal); 28 a 31.9 (overweight) and ≥32 (obese) [11].

2.3. Dietary and Nutrients Intake of the Elderly

Dietary intake data were obtained using three 24 h food recalls (24-HR) performed
on two nonconsecutive days within one week, considering weekend days proportionally
to weekdays. Each recall was administered by trained interviewers, provided with stan-
dardized neutral probing questions according to the Multiple Pass Method (MPM) [12] and
accompanied with the graphic portion’s booklet developed by the Universidad de Chile
and MINSAL, to improve precision of the obtained information [13].

To standardize the collect measurements, the interviewers were trained by certified
nutritionists who simultaneously worked as supervisors of the fieldwork. The collection
measurements obtained in the 24-HR were converted to grams (g) and milliliters (mL) [14].

2.4. Serum Micronutrients Status of the Elderly

For the nutritional-metabolic characterization of the older adults enrolled to the
PACAM, a baseline was established to define a specific micronutrients profile in older
adults at serum level. For this purpose, blood samples were collected into vacutainer tubes
without additives (Greiner Bio-One International AG, VACUETTE, Kremsmünster, Austria),
and serum determinations of calcium and zinc were performed through TRXF methodol-
ogy in the Laboratory of the Institute of Nutrition and Food Technology (INTA, Dhaka,
Bangladesh). The determination of serum levels of vitamins A, B12 and 25-hydroxyvitamin
D [25(OH)D] was performed through ECL method (electrochemiluminescence immunoas-
say) and the calibration curve was carried out by using commercial standards.

2.5. Statistical Methods

The normality of the continuous response variables (BMI, intake of micronutrients and
serum micronutrient levels) of the elderly group was checked by Kolmogorov–Smirnov
test (n ≥ 50) through SPSS 25.0 software (IBM, Corp., Armonk, NY, USA). Since all these
variables were not normally distributed (nonparametric), comparisons between groups
were made using the 2 independent samples Mann–Whitney test at p < 0.05.

The micronutrient intake and serum micronutrient levels by gender, age and PACAM
consumption groups were presented as the median and in 25th–95th interquartile ranges.
Spearman correlation analysis was done to assess the correlation between BMI with and
serum 25-hydroxyvitamin D levels.

2.6. Ethical Considerations

All subjects gave their informed consent for inclusion before they participated in the
study. The study was conducted in accordance with the Declaration of Helsinki, and the
protocol was approved by the Ethics Committee of the Institute of Food Nutrition and
Technology (INTA) of the University of Chile (Project identification code 20/2017).

3. Results
3.1. Sample Characteristics and Nutritional Status

The sample was comprised of 182 older adults (79% of women and 21% of men) from
the Metropolitan Region, Santiago de Chile aged between 60 and 80 years. The 95% of
the older adults were living with their relatives, and most of them were married (29%) or
widowed (40%); while the 8 and 22% were divorced and single, respectively. On the other
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hand, an 80% of the older adults who studied had a complete basic education or a higher
one, and 39% of them had technical and university studies.

According to the cut-off points established for the BMI in older adults, 13%, 46%,
28% and 13% of the sample were underweight; normal weight; overweight; and obese,
respectively. Women presented 11% of underweight, 45% of normal weight and 44% of
were overweight and obese, while men—18%, 50% and 32%, respectively.

3.2. Micronutrient Intake

The median micronutrient intakes of older adults (vitamin A: 381.67 µg/day, vitamin
B12: 1.95 µg/day, vitamin D: 3.62 µg/day, calcium: 548.94 mg/day and zinc: 5.93 mg/day)
were estimated based on the food consumption information recollected from the applied
survey tests (Table 1). Only the 95th percentile of micronutrient intake were higher than
their respective Recommended Daily Dose, while the 50th percentile (median values) were
found to be below the Recommended Daily Dose for vitamin A (45%), vitamin B12 (19%),
vitamin D (75%), calcium (46%) and zinc (26%) (Table 1).

Table 1. BMI, micronutrient intake and serum micronutrient levels of an elderly group from Metropoli-
tan Region, Santiago, Chile.

Evaluated Parameters

Elderly Group

n = 182

25th Percentile Median 75th Percentile 95th Percentile

BMI (kg/m2) 24.85 27.22 29.61 35.92

Micronutrient intake Recommended Daily Dose [15,16]

Vitamin A (µg/day) 700 (women) and 900 (men) 246.06 381.67 596.45 1104.46

Vitamin B12 (µg/day) 2.40 1.29 1.95 2.89 4.81

Vitamin D3 (µg/day) 15 0.94 3.62 6.60 11.19

Calcium (mg/day) 1200 359.67 548.94 762.66 1348.73

Zinc (mg/day) 8 (women) and 11 (men) 4.33 5.93 7.91 10.84

Plasma micronutrient level Normal values [17]

Vitamin A (µg/dL) 20–100 47.00 53.00 67.00 85.30

Vitamin B12 (pg/mL) 279–996 255.50 301.00 383.00 627.20

[25(OH)D] (ng/mL) 30–100 16.88 20.23 25.37 37.34

Calcium (mg/dL) 8.5–10.5 8.31 8.74 9.23 10.35

Zinc (µg/dL) 75–120 89.39 99.96 113.40 158.69

There were no significant differences in micronutrient intake according to gender, with
the exception of zinc that was 25% significantly higher (p < 0.05) in men (Table 2). On the
other hand, the group of elderly people over 75 years old presented significantly higher
(p < 0.05) intakes of vitamin A (27%), calcium (18%) and zinc (13%) intakes than 65–75 years
old group (Table 3).

Table 2. Influence of the gender on the BMI, micronutrient intake and serum micronutrient s levels of
elderly from Metropolitan Region, Santiago, Chile.

Evaluated Parameters

Gender Group

p-Value

Males Females

n = 38 n = 144

25th
Percentile Median 75th

Percentile
95th

Percentile
25th

Percentile Median 75th
Percentile

95th
Percentile

BMI (kg/m2) 24.03 26.85 28.99 35.08 24.94 27.27 30.13 35.94 0.26

Micronutrient
intake

Recommended
Daily Dose

[15,16]

25th
percentile Median 75th

percentile
95th

percentile
25th

percentile Median 75th
percentile

95th
percentile p-value

Vitamin A
(µg/day)

700 (women)
and 900 (men) 183.00 367.69 509.06 893.05 251.11 381.67 613.92 1229.34 0.52
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Table 2. Cont.

Evaluated Parameters

Gender Group

p-Value

Males Females

n = 38 n = 144

25th
Percentile Median 75th

Percentile
95th

Percentile
25th

Percentile Median 75th
Percentile

95th
Percentile

Vitamin B12
(µg/day) 2.40 1.49 1.96 2.89 3.90 1.20 1.92 2.90 5.13 0.62

Vitamin D3
(µg/day) 15 0.78 3.48 6.79 9.66 0.91 3.47 6.33 11.43 0.52

Calcium
(mg/day) 1200 322.08 477.15 723.32 1207.11 369.46 542.29 741.80 1443.72 1.00

Zinc (mg/day) 8 (women) and
11 (men) 5.03 7.19 9.49 10.97 4.08 5.76 7.34 11.08 0.02 *

Serum micronu-
trient level

Normal values
[17]

25th
percentile Median 75th

percentile
95th

percentile
25th

percentile Median 75th
percentile

95th
percentile p-value

VitaminA
(µg/dL) 20–100 46.00 58.00 71.00 102.80 47.00 52.00 66.00 84.10 0.11

Vitamin B12
(pg/mL) 279–996 243.00 290.00 350.00 906.80 257.50 304.50 390.25 623.70 0.21

[25(OH)D]
(ng/mL) 30–100 17.60 20.72 25.32 34.64 16.87 19.93 25.43 40.89 0.45

Calcium
(mg/dL) 8.5–10.5 8.23 8.53 9.11 14.25 8.34 8.79 9.24 10.34 0.22

Zinc (µg/dL) 75–120 88.51 100.29 116.07 168.05 89.58 99.95 113.21 167.66 0.85

* Superscript symbols indicate significant differences (p < 0.05, Mann–Whitney Test).

Table 3. Influence of the age group on the BMI, micronutrient intake and serum micronutrient levels
of elderly from Metropolitan Region, Santiago, Chile.

Evaluate Parameters

Age Group

p-Value

60–75 Years >75 Years

n = 99 n = 83

25th
Percentile Median 75th

Percentile
95th

Percentile
25th

Percentile Median 75th
Percentile

95th
Percentile

BMI (kg/m2) 25.27 27.33 30.52 36.1651 24.32 26.81 28.76 35.4204 0.05

Micronutrient
intake

Recommended
Daily Dose

[15,16]

25th
percentile Median 75th

percentile
95th

percentile
25th

percentile Median 75th
percentile

95th
percentile p-value

Vitamin A
(µg/day)

700 (women)
and 900 (men) 210.71 354.56 494.97 972.18 260.89 450.01 673.31 1676.77 0.01 *

Vitamin B12
(µg/day) 2.40 1.13 1.88 2.69 5.19 1.45 2.06 3.04 4.85 0.16

Vitamin D3
(µg/day) 15 0.64 3.12 6.01 9.95 1.39 3.89 7.32 13.08 0.05

Calcium
(mg/day) 1200 303.70 497.18 699.84 1052.58 411.32 588.36 857.31 1570.49 0.04 *

Zinc (mg/day) 8 (women) and
11 (men) 3.88 5.52 7.23 9.30 4.91 6.25 8.85 11.54 0.02 *

Serum micronu-
trient level

Normal values
[17]

25th
percentile Median 75th

percentile
95th

percentile
25th

percentile Median 75th
percentile

95th
percentile p-value

Vitamin A
(µg/dL) 20–100 46.25 53.50 68.00 90.60 47.00 52.00 65.50 80.40 0.47

Vitamin B12
(pg/mL) 279–996 252.00 300.50 376.50 641.60 270.50 304.00 393.00 649.80 0.47

[25(OH)D]
(ng/mL) 30–100 16.77 19.54 24.24 41.17 17.34 20.72 27.14 35.00 0.69

Calcium
(mg/dL) 8.5–10.5 8.31 8.73 9.26 10.25 8.32 8.74 9.19 10.66 0.83

Zinc (µg/dL) 75–120 90.47 101.84 119.48 169.16 88.13 97.76 109.14 150.59 0.01 *

* Superscript symbols indicate significant differences (p < 0.05, Mann–Whitney Test).
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Regarding to the effect of the consumption of foods provided by the PACAM on mi-
cronutrient intake (Table 4), vitamin D and zinc intakes were significantly higher (p < 0.05)
in those older adults who consumed these foods (47% and 22%, respectively). However,
it is important to point out that even with the consumption of foods from the PACAM,
many of the older adults evaluated in this study did not reach the micronutrient intakes
Recommended Daily Dose. For all the groups, the 25th, 50th, 75th, and 95th percentiles of
vitamin D intake were found to be below the recommended intake.

Table 4. Influence of the PACAM foods consumption on the BMI, micronutrient intake and serum
micronutrient levels of elderly from Metropolitan Region, Santiago, Chile.

Evaluated Parameters

Food PACAM Consumption Group

p-Value

Consumes Does not Consume

n = 115 n = 67

25th
Percentile Median 75th

Percentile
95th

Percentile
25th

Percentile Median 75th
Percentile

95th
Percentile

BMI (kg/m2) 25.04 27.22 29.72 35.94 24.35 27.06 29.62 35.54 0.38

Micronutrient
intake

Recommended
Daily Dose

[15,16]

25th
percentile Median 75th

percentile
95th

percentile
25th

percentile Median 75th
percentile

95th
percentile p-value

Vitamin A
(µg/day)

700 (women)
and 900 (men) 241.90 381.32 612.20 1388.47 250.86 373.69 497.35 926.21 0.27

Vitamin B12
(µg/day) 2.40 1.30 1.99 2.84 4.60 1.17 1.90 3.06 5.40 0.71

Vitamin D3
(µg/day) 15 1.31 3.93 6.69 12.38 0.63 2.68 5.15 10.21 0.03 *

Calcium
(mg/day) 1200 392.40 555.72 762.73 1458.51 308.89 475.66 700.17 1015.18 0.07

Zinc (mg/day) 8 (women) and
11 (men) 4.92 6.28 8.52 11.14 3.89 5.13 6.58 9.95 0.00 *

Serum micronu-
trient level

Normal values
[17]

25th
percentile Median 75th

percentile
95th

percentile
25th

percentile Median 75th
percentile

95th
percentile p-value

Vitamin A
(µg/dL) 20–100 47.00 55.00 67.00 86.40 46.00 51.50 67.25 85.65 0.23

Vitamin B12
(pg/mL) 279–996 263.00 301.00 375.00 587.20 242.75 306.50 387.00 758.70 0.77

[25(OH)D]
(ng/mL) 30–100 16.89 20.39 24.24 37.34 16.85 19.45 26.13 39.04 0.61

Calcium
(mg/dL) 8.5–10.5 8.31 8.69 9.11 10.15 8.32 8.79 9.34 11.70 0.41

Zinc (µg/dL) 75–120 87.96 98.85 109.84 142.89 93.27 103.47 119.63 238.52 0.01 *

* Superscript symbols indicate significant differences (p < 0.05, Mann–Whitney Test).

3.3. Serum Levels and Deficit of Micronutrients

Beyond the knowledge on the micronutrient intakes of the older adults, it is very
important to determine their micronutrient serum levels to explore some possible micronu-
trient deficiencies. The median values of serum vitamin A, vitamin B12, vitamin D, calcium
and zinc evaluated in the sample of elderly were 53 µg/dL, 301 pg/mL, 20.23 ng/mL,
8.74 mg/dL and 99.96 µg/dL, respectively (Table 1). The 25th percentiles of serum vitamin
B12, 25-hydroxyvitamin D and calcium were lower than the normal values, while the 50th
and 75th percentiles serum 25-hydroxyvitamin D were a 33% and 17% lower than the
normal minimum reported (Table 1).

Regarding the effect of the gender on the micronutrient’s serum levels, women reached
higher serum levels of vitamin B12 (5%) and calcium (3%) than men (Table 2). While men
showed a higher serum concentration in vitamin A (11%), 25-hydroxyvitamin D (4%) and
(0.6%) zinc (Table 2). However, no significant differences (p < 0.05) were observed between
both gender groups (Table 2). In contrast, slight significant differences were observed
between both evaluated age groups (Table 3). Specifically, for serum levels of vitamin
B12 (1%), 25-hydroxyvitamin D (6%) and calcium (0.1%) which were significantly higher
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(p < 0.05) in the elderly over 75 years old (Table 3). On the other hand, the vitamin A
and zinc serum levels were higher (3 and 4%, respectively) in the 60–75 years old group,
however, only for serum zinc this increase was significant (p < 0.05).

In addition, regarding to the effect of PACAM foods consumption on the micronutrient
serum levels; only the serum concentration of zinc was significantly higher (p < 0.05) in the
non-consumers group (5%) (Table 4).

Low serum micronutrient levels were reflected in severe serum deficits of 25-hydroxyvitamin
D (88%), calcium (33%) and vitamin B12 (34%). Contrary, vitamin A and zinc serum pre-
sented low and null deficits, respectively. In this regard, the influence of the nutritional
status, gender, age and foods PACAM consumption on the distribution of serum micronu-
trient deficiencies in elderly was analysed (Table 5). Older adults with normal nutritional
status showed the highest percentages values for serum 25-hydroxyvitamin D (45%), vi-
tamin B12 (43%), calcium (38%) and zinc (27%) deficiencies. Followed by overweight and
obese (Table 5). In relation to this, BMI showed a slight significant inverse correlation
(p < 0.05; rs = −0.24) with serum levels of 25-hydroxyvitamin D (Figure 1).

Regarding to gender, the highest percentages of serum micronutrient deficiencies were
mainly detected in females (Table 5), showing deficit values of 79%, 75%, 73% and 73%
for serum 25-hydroxyvitamin D, vitamin B12, calcium and zinc, respectively. On the other
hand, older adults group aged between 60–75 years old exhibited the highest percentages
of serum deficiencies for 25- hydroxyvitamin D (53%), vitamin B12 (61%) and zinc (55%)
except for the calcium, that was equal in both age groups (50%). Contrary to micronutrient
intake, all serum micronutrient deficiencies were majority detected in the consumers of
PACAM foods group (Table 5), showing percentages values of 63% (25-hydroxyvitamin D),
59% (vitamin B12), 70% (calcium) and 64% (zinc) (Table 5).

Table 5. Influence of the nutritional status, gender, age and PACAM foods consumption on the
micronutrient serum deficiencies of Chilean older adults.

GROUPS [25(OH)D]
(<30 ng/mL)

Vitamin B12
(<279 ng/mL)

Calcium
(<8.5 mg/dL)

Zinc
(<75 µg/L)

Nutritional status

Underweight 12.42%
(n = 20)

14.75%
(n = 9)

12.12%
(n = 8)

36.36%
(n = 4)

Normal 44.72%
(n = 72)

42.62%
(n = 26)

37.88%
(n = 25)

27.27%
(n = 3)

Overweight 29.81%
(n = 48)

27.87%
(n = 17)

33.33%
(n = 22)

27.27%
(n = 3)

Obese 13.04%
(n = 21)

14.75%
(n = 9)

16.67%
(n = 11)

9.09%
(n = 1)

Gender
Male 21.12%

(n = 34)
24.59%
(n = 15)

27.27%
(n = 18)

27.27%
(n = 3)

Female 78.88%
(n = 127)

75.41%
(n = 46)

72.73%
(n = 48)

72.73%
(n = 8)

Age group
60–75 53.42%

(n = 86)
60.66%
(n = 37)

50%
(n = 33)

54.55%
(n = 6)

>75 46.58%
(n = 75)

39.34%
(n = 24)

50%
(n = 33)

45.45%
(n = 5)

PACAM consumption
Consumes 63.35%

(n = 102)
59.02%
(n = 36)

69.70%
(n = 46)

63.64%
(n = 7)

Does not consume 36.65%
(n = 59)

40.98%
(n = 25)

30.30%
(n = 20)

36.36%
(n = 4)
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12.42% 
(n = 20) 

14.75% 
(n = 9) 
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(n = 8) 

36.36% 
(n = 4) 
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44.72% 
(n = 72) 

42.62% 
(n = 26) 
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(n = 25) 
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(n = 3) 

Overweight 
29.81% 
(n = 48) 

27.87% 
(n = 17) 

33.33% 
(n = 22) 

27.27% 
(n = 3) 

Obese 
13.04% 
(n = 21) 

14.75% 
(n = 9) 

16.67% 
(n = 11) 

9.09% 
(n = 1) 

Gender 
Male 

21.12% 
(n = 34) 

24.59% 
(n = 15) 

27.27% 
(n = 18) 

27.27% 
(n = 3) 

Female 78.88% 75.41% 72.73% 72.73% 

Figure 1. Scatterplot of body mass index (BMI) vs. plasma 25-hydroxyvitamin D. Spearman´s
correlation coefficient is presented in the figure at p < 0.05.

4. Discussion
4.1. Nutritional Status

The screening of nutritional status in the elderly is crucial for the early detection of
malnutrition and maintaining a good health and quality of life [18]. In this sense, simple
anthropometric indices such as the BMI are essential tools for evaluating malnutrition,
functional decline and chronic health conditions in geriatric assessment [19–21]. Accord-
ing to the BMI criteria, 46% of the older adults presented normal weight and 41% were
overweight and obese. These values were different from the latest data reported by the
National Health Survey [22] and other investigations carried out in Chile a few years
ago [23,24], in which overweight and obese presented higher percentages of occurrence. It
can be explained because these studies used the cut-off values indicated for adults. In our
study the nutritional status of older adults was determined using the specific cut-off values
proposed for this age group [11].

4.2. Micronutrient Intake

The dietary pattern in older adults is affected by ethnical, economics, cultural and
social factors. The aging process involves important changes at the physiological level, such
as: (i) sensory alterations (decreased of olfactory function), (ii) oral health deterioration
(loss of teeth), (iii) reduced saliva production and (iv) problems of swallowing. All these
dysfunctions significantly decrease the enjoyment and therefore the consumption of foods
generating an insufficient intake of micronutrient in older adults [25–27]. Suboptimal
micronutrient intake is reported to be common in older adults between 65–70 years old. It
is associated with the “anorexia of aging”, defined as the loss of appetite and/or decreased
food intake in late life [28].

Micronutrient intake, particularly of zinc was lower in elderly women group because
of gender-specific differences in dietary habits. It was found that men consumed more
food sources of zinc than women such as beef, chicken, and animal protein (Supplementary
Material Table S1).

Our results agreed with other previous Chilean studies which reported low intakes
of zinc in older adults aged over 60 years [23,29]. Low micronutrient intakes were also
found in elderly studies from South Africa [30]), Chinese [31] and United Kingdom [32,33].
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These similarities could be a consequence of the globalization and urbanization on the
food supply, resulting in changes of dietary patterns and lifestyle behaviours during aging
throughout the world.

Several dietary patterns have been associated with significant health benefits in the
older population, especially those characterized by a high consumption of fruits and
vegetables and low consumption of meat and processed foods [34]. In this study, the
dietary pattern of elderly was characterized by: (i) a high consumption of carbohydrate-
rich foods such as bread, rice, pasta, and potatoes; (ii) a moderate consumption of fruits
and vegetables, and (iii) a very low consumption of dairy products (Table S1), which is in
accordance with the previously reported information for Chilean older adults [35,36].

Only 63% of the older adults evaluated in this study consumed the PACAM foods,
however they did not reach the recommended daily serving (50 g/day) of the Años Dorados
dairy drink [37]. Interestingly, although the Años Dorados legume soup has been the worst
sensory evaluated PACAM food, its consume was higher compared to dairy drink; reaching
the 54 g/day and 74 g/day in female and male subjects, respectively (Table S1).

Most of the older adults did not consume these foods because: (i) they did not take
it from the health centre, (ii) they did not like the taste or found it boring, (iii) they found
difficulties diluting the dairy beverage, (iv) gastric discomfort and (v) lack of information
(about recall and benefits).

4.3. Serum Levels and Deficit of Micronutrients

Vitamin D and calcium are essential micronutrient s whose absorption is strongly re-
lated. During aging there is insufficiency of both micronutrients, which combined with the
age-related hormonal decline, negatively affect bone health in older adults [38,39]. Similarly,
vitamin B12 deficiency is highly prevalent in the older adults leading to anaemia, neuropa-
thy and neuropsychiatric disorders and nonspecific tiredness in older people [40,41].

This study found a high deficit of 25-hydroxyvitamin D, calcium and vitamin B12
in Chilean older adults. Previous studies in Chilean older adults reported similar serum
micronutrient deficiencies [6,42]. These results could be associated with an insufficient
intake from food sources and other physiological factors typical of aging, such as intrinsic
factor deficiency, hypochlorhydria or food-bound malabsorption [43].

Serum micronutrient deficiencies are quite common in older adults regardless of
their nutritional status. In this study, a weak significant negative relationship between
the 25-hydroxyvitamin D serum levels and the BMI was found. Some researchers have
found and inverse relationship between 25-hydroxyvitamin D levels and nutritional status
through correlations with BMI [44–47]. Gonçalves et al. (2020) also found a direct associa-
tion between hypovitaminosis D and obesity in elderly. However, although several studies
confirmed that there is an inverse association between BMI/body fat content and serum
25-hydroxyvitamin D, the evidence is still not enough to confirm causality or collinear-
ity [48]. Furthermore, both genders were deficient in serum 25-hydroxyvitamin D, vitamin
B12 and calcium, but deficiencies were more pronounced in women, probably due to their
dietary patterns.

Along with the above, during aging there is an inadequate intestinal absorption of
micronutrients combined with a hormonal decline [49]. Vitamin D metabolism involves
the hydroxylation to 25 hydroxyvitamin D (25OHD), and then it is metabolized to the
hormonal active form 1,25-dihydroxyvitamin D (1,25(OH)2D). Thus, the form [1,25(OH)2D]
is reduced which is the major controlling hormone of intestinal calcium absorption [50]. It
is necessary to understand that calcium metabolism collaborates with other nutrients to
create the bone matrix. Thus, calcium comprises a complex interactive dependency on the
actions of phosphorus, vitamin D and proteins [51,52].

It is important to point out that the consumption of the PACAM foods did not improve
the micronutrient status of older adults. Similar results were previously reported when the
effectiveness of the PACAM foods on the serum status of vitamin B12 in Chilean older adults
was evaluated [6]. In older adults, serum vitamin B12 deficiency can be caused by (i) a poor
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consumption of animal foods and/or (ii) physiological alteration of the gastrointestinal
mucosa, which leads to an absorption and transport disorders. Then, it is necessary to
introduce it through supplements or fortified foods [53].

Typical changes of the aging process such as reduced appetite, lack of acid gastric
and enzyme secretions have important consequences on the digestive absorption of some
vitamins and trace elements [26,54], as well as the coexistence of these changes together
with the use of drugs associated to certain pathologies [27]. Another important remark is
that minerals bioavailability from plants and many staple foods such cereals and legumes
can be affected by their contents of oxalate and phytate, which are inhibitors of zinc, iron
and specially calcium absorption content [55,56]. Besides, it was found that phytates and
tannins, as well as fibres and saponins, can negatively influence the bioavailability of
fat-soluble vitamins such as vitamin D, possibly due to modulation of lipolysis during
digestion [57]. Accordingly, vitamins and minerals supplementation through food matrices
such as the powdered soup Años Dorados must consider a decreased absorption of mineral
due to the chelating effect of the food ingredients.

5. Conclusions

Chilean older adults from the Metropolitan Region, Santiago, were characterized by a
similar proportion of normal weight and overweight/obese subjects, being underweight
the nutritional status with lowest occurrence. Although PACAM foods consumption
was lower than their recommended servings, it significantly increased the micronutrient
intake in older adults. In contrast, important serum deficits of vitamin D, vitamin B12 and
calcium were detected both for consumers and no consumers of PACAM foods, reflecting
that the intake of these products does not have any positive effect on the micronutrient
serum levels of elderly. This study provides for the first-time valuable information on the
real nutritional benefits of the PACAM and the goals and challenges for improving the
nutritional status of Chilean older adults. Public health programs must receive constant
feedback from nutritional intervention studies to rationally design foods that really promote
successful aging.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/nu14010003/s1, Table S1: Average food intake values in a group of older adults from
Metropolitan Region, Santiago, Chile.

Author Contributions: M.S.M.-C., O.C.-V., F.P.-B. and R.N.Z. conceived and designed the experi-
ments; M.C.A.-R., S.B.-V. and P.C.-S. Analyzed the data; M.C.A.-R. and M.S.M.-C. Wrote the paper.
M.S.M.-C., O.C.-V., F.P.-B. and R.N.Z. edited the paper. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by “Fondo de Fomento al Desarrollo Científico y Tecnológico”
(FONDEF- Project ID17AM0018), which belongs to the “Agencia Nacional de Investigación y Desar-
rollo de Chile” (ANID).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and the protocol was approved by the Ethics Committee of the Institute of Food Nutrition
and Technology (INTA) of the University of Chile (Project identification code 20/2017).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: All data analyzed in this study are available upon request to the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

https://www.mdpi.com/article/10.3390/nu14010003/s1
https://www.mdpi.com/article/10.3390/nu14010003/s1


Nutrients 2022, 14, 3 11 of 12

References
1. WHO. Global Strategy and Action Plan on Ageing and Health. 2017. Available online: https://www.who.int/ageing/WHO-

GSAP-2017.pdf?ua=1 (accessed on 29 November 2021).
2. Da Silva, W.A.A.; Barbosa, K.T.F.; De Oliveira, F.M.R.L.; De Brito, F.M.; Ramos, S.S.N.D.L.; Fernandes, A.M.; Fontana, N.;

De Lacerda, H.J.M.; De Soares, L.C.; Nunes, T.B. Personal and behavioral determinants of active aging. Int. Arch. Med. 2016,
9, 1–10. [CrossRef]

3. Hernández-Olivas, E.; Muñoz-Pina, S.; Sánchez-García, J.; Andrés, A.; Heredia, A. Understanding the role of food matrix on the
digestibility of dairy products under elderly gastrointestinal conditions. Food Res. Int. 2020, 137, 109454. [CrossRef]

4. INE. Estimaciones y Proyecciones de La Población de Chile 2002-2035 Totales Regionales, Población Urbana y Rural. Síntesis de
Resultados. 2019. Available online: https://www.ine.cl/docs/default-source/proyecciones-de-poblacion/publicaciones-y-
anuarios/base-2017/ine_estimaciones-y-proyecciones-2002-2035_base-2017_reg_%C3%A1rea_s%C3%ADntesis.pdf?sfvrsn=
aaeb88e7_5 (accessed on 29 November 2021).

5. United Nations, Department of Economic and Social Affairs, P.D. World Population Prospects: The 2015 Revision, Key Findings and
Advance Tables. Working Paper No ESA/P/WP.241. 2015. Available online: https://population.un.org/wpp/publications/files/
key_findings_wpp_2015.pdf (accessed on 29 November 2021).

6. Sanchez, H.; Albala, C.; Lera, L.; Dangour, A.D.; Uauy, R. Effectiveness of the National Program of Complementary Feeding
for Older Adults in Chile on Vitamin B12 Status in Older Adults; Secondary Outcome Analysis from the CENEX Study
(ISRCTN48153354). Nutr. J. 2013, 12, 124. [CrossRef]

7. Ministerio de Salud. Programa de Alimentación Complementaria Del Adulto Mayor; Ministerio de Salud: Santiago, Chile,
2001; pp. 1–67.

8. Dangour, A.D.; Moreno, X.; Albala, C.; Rivera-Marquez, A.; Lera, L.; Villalobos, A.; Morris, S.S.; Uauy, R. Chile’s National
Nutritional Supplementation Program for Older People: Lessons Learned. Food Nutr. Bull. 2005, 26, 190–197. [CrossRef]

9. Masi, C.; Atalah, E. Análisis de La Aceptabilidad, Consumo y Aporte Nutricional Del Programa Alimentario Del Adulto Mayor.
Rev. Méd. Chil. 2008, 136, 415–422. [CrossRef]

10. Russell, R.M. Factors in Aging That Effect the Bioavailability of Nutrients. J. Nutr. 2001, 131, 1359–1361. [CrossRef]
11. Ministerio de Salud (MINSAL). Guía Clínica Examen de Medicina Preventiva; Ministerio de Salud: Santiago, Chile, 2008.
12. Naska, A.; Lagiou, A.; Lagiou, P. Dietary Assessment Methods in Epidemiological Research: Current State of the Art and Future

Prospects. F1000Research 2017, 6, 926. [CrossRef] [PubMed]
13. Cerda, R.; Barrero, C.; Arena, M.; Bascuñán, K.; Jiménez, C. Atlas Fotográfico de Alimentos y Preparaciones Típicas Chilenas. Encuesta

Nacional de Consumo Alimentario 2010; Ministerio de Salud: Santiago, Chile, 2010; p. 143.
14. Milla, P.G.; Johns, P.C.; Agüero, S.D. Asociación Del Consumo de Desayuno y La Calidad de Vida En Adultos Mayores Autonomos

Chilenos. Nutr. Hosp. 2014, 30, 845–850. [CrossRef]
15. FAO/WHO Expert Consultation. Human Vitamin and Mineral Requirements, 2nd ed.; World Health Organization: Geneva,

Switzerland, 2005; p. 341.
16. Durán, S.; Alejandra Ulloa, A.; Sussanne Reyes, G. Comparación Del Consumo de Vitaminas y Minerales En Adultos Mayores

Chilenos Según Estado Nutricional. Rev. Med. Chil. 2014, 142, 1594–1602. [CrossRef] [PubMed]
17. World Health Organization. Guidelines on Food Fortification with Micronutrients; World Health Organization, Food and Agricultural

Organization of the United Nations: Geneva, Switzerland, 2006.
18. Akbulut, G.; Ersoy, G. Assessment of nutrition and life quality scores of individuals aged 65 and over from different socio-

economic levels in Turkey. Arch. Gerontol. Geriatr. 2008, 47, 241–252. [CrossRef] [PubMed]
19. Seidell, J.C.; Visscher, T.L.S. Body Weight and Weight Change and Their Health Implications for the Elderly. Eur. J. Clin. Nutr.

2000, 54, S33–S39. [CrossRef]
20. Green, S.M.; Watson, R. Nutritional Screening and Assessment Tools for Use by Nurses: Literature Review. J. Adv. Nurs. 2005,

50, 69–83. [CrossRef]
21. Donini, L.M.; De Felice, M.R. and Cannella, C. Nutritional Status Determinants and Cognition in the Elderly. Arch. Gerontol.

Geriatr. 2007, 44, 143–153. [CrossRef] [PubMed]
22. Ministry of Health (Chile). Encuesta Nacional de Salud 2016–2017 Primeros Resultados; Ministerio de Salud: Santiago, Chile, 2017.
23. Agüero, S.D.; Leiva, A.V. Caracterización Antropométrica, Calidad y Estilos de Vida Del Anciano Chileno Octogenario. Nutr.

Hosp. 2015, 31, 2554–2560. [CrossRef]
24. Albala, C.; Sánchez, H.; Lera, L.; Angel, B.; Cea, X. Socioeconomic Inequalities in Active Life Expectancy and Disability Related to

Obesity among Older People. Rev. Med. Chil. 2011, 139, 1276–1285. [CrossRef] [PubMed]
25. Salazar, N.; Arboleya, S.; Fernández-Navarro, T.; de los Reyes-Gavilán, C.G.; Gonzalez, S.; Gueimonde, M. Age-Associated

Changes in Gut Microbiota and Dietary Components Related with the Immune System in Adulthood and Old Age: A Cross-
Sectional Study. Nutrients 2019, 11, 1765. [CrossRef] [PubMed]

26. Doty, R.L.; Kamath, V. The Influences of Age on Olfaction: A Review. Front. Psychol. 2014, 5, 20. [CrossRef]
27. González, C.N.; Peñad’Ardaillon, F.; Durán Agüero, S. Caracterización de La Ingesta de Alimentos y Nutrientes En Adultos

Mayores Chilenos. Rev. Chil. Nutr. 2016, 43, 346–352. [CrossRef]
28. Landi, F.; Calvani, R.; Tosato, M.; Martone, A.M.; Ortolani, E.; Savera, G.; Sisto, A.; Marzetti, E. Anorexia of Aging: Risk Factors,

Consequences, and Potential Treatments. Nutrients 2016, 8, 69. [CrossRef] [PubMed]

https://www.who.int/ageing/WHO-GSAP-2017.pdf?ua=1
https://www.who.int/ageing/WHO-GSAP-2017.pdf?ua=1
http://doi.org/10.3823/1943
http://doi.org/10.1016/j.foodres.2020.109454
https://www.ine.cl/docs/default-source/proyecciones-de-poblacion/publicaciones-y-anuarios/base-2017/ine_estimaciones-y-proyecciones-2002-2035_base-2017_reg_%C3%A1rea_s%C3%ADntesis.pdf?sfvrsn=aaeb88e7_5
https://www.ine.cl/docs/default-source/proyecciones-de-poblacion/publicaciones-y-anuarios/base-2017/ine_estimaciones-y-proyecciones-2002-2035_base-2017_reg_%C3%A1rea_s%C3%ADntesis.pdf?sfvrsn=aaeb88e7_5
https://www.ine.cl/docs/default-source/proyecciones-de-poblacion/publicaciones-y-anuarios/base-2017/ine_estimaciones-y-proyecciones-2002-2035_base-2017_reg_%C3%A1rea_s%C3%ADntesis.pdf?sfvrsn=aaeb88e7_5
https://population.un.org/wpp/publications/files/key_findings_wpp_2015.pdf
https://population.un.org/wpp/publications/files/key_findings_wpp_2015.pdf
http://doi.org/10.1186/1475-2891-12-124
http://doi.org/10.1177/156482650502600203
http://doi.org/10.4067/S0034-98872008000400001
http://doi.org/10.1093/jn/131.4.1359S
http://doi.org/10.12688/f1000research.10703.1
http://www.ncbi.nlm.nih.gov/pubmed/28690835
http://doi.org/10.3305/nh.2014.30.4.7431
http://doi.org/10.4067/S0034-98872014001200013
http://www.ncbi.nlm.nih.gov/pubmed/25693442
http://doi.org/10.1016/j.archger.2007.08.006
http://www.ncbi.nlm.nih.gov/pubmed/17897736
http://doi.org/10.1038/sj.ejcn.1601023
http://doi.org/10.1111/j.1365-2648.2004.03350.x
http://doi.org/10.1016/j.archger.2007.01.022
http://www.ncbi.nlm.nih.gov/pubmed/17317448
http://doi.org/10.3305/nh.2015.31.6.8737
http://doi.org/10.4067/S0034-98872011001000005
http://www.ncbi.nlm.nih.gov/pubmed/22286726
http://doi.org/10.3390/nu11081765
http://www.ncbi.nlm.nih.gov/pubmed/31370376
http://doi.org/10.3389/fpsyg.2014.00020
http://doi.org/10.4067/S0717-75182016000400002
http://doi.org/10.3390/nu8020069
http://www.ncbi.nlm.nih.gov/pubmed/26828516


Nutrients 2022, 14, 3 12 of 12

29. Olivares, M.; Lera, L.; Albala, C.; Pizarro, F.; Araya, M. Prevalencia de Las Deficiencias de Zinc y Cobre En Adultos Mayores de
La Región Metropolitana de Santiago. Rev. Med. Chil. 2011, 139, 283–289. [CrossRef]

30. Charlton, K.E.; Bourne, L.T.; Steyn, K.; Laubscher, J.A. Poor Nutritional Status in Older Black South Africans. Asia Pac. J. Clin.
Nutr. 2001, 10, 31–38. [CrossRef] [PubMed]

31. Liu, Z.; Zhao, L.; Man, Q.; Wang, J.; Zhao, W.; Zhang, J. Dietary Micronutrients Intake Status among Chinese Elderly People
Living at Home: Data from CNNHS 2010–2012. Nutrients 2019, 11, 1787. [CrossRef] [PubMed]

32. Bailey, A.L.; Maisey, S.; Southon, S.; Wright, A.J.A.; Finglas, P.M.; Fulcher, R.A. Relationships between Micronutrient Intake and
Biochemical Indicators of Nutrient Adequacy in a ‘Free-Living’ Elderly UK Population. Br. J. Nutr. 1997, 77, 225–242. [CrossRef]

33. Asamane, E.A.; Greig, C.A.; Thompson, J.L. The Association between Nutrient Intake, Nutritional Status and Physical Function
of Community-Dwelling Ethnically Diverse Older Adults. BMC Nutr. 2020, 6, 36. [CrossRef] [PubMed]

34. Yannakoulia, M.; Mamalaki, E.; Anastasiou, C.A.; Mourtzi, N.; Lambrinoudaki, I.; Scarmeas, N. Eating Habits and Behaviors of
Older People: Where Are We Now and Where Should We Go? Maturitas 2018, 114, 14–21. [CrossRef]

35. Troncoso, C.; Petermann-Rocha, F.; Brown, R.; Leiva, A.M.; Martinez, M.A.; Diaz-Martinez, X.; Garrido-Mendez, A.;
Poblete-Valderrama, F.; Iturra-Gonzalez, J.A.; Villagran, M.; et al. Patterns of Healthy Lifestyle Behaviours in Older Adults:
Findings from the Chilean National Health Survey 2009–2010. Exp. Gerontol. 2018, 113, 180–185. [CrossRef] [PubMed]

36. Echeverría, G.; Dussaillant, C.; McGee, E.E.; Mena, C.; Nitsche, M.P.; Urquiaga, I.; Bitran, M.; Pedrals, N.; Rigotti, A. Promoting
and Implementing the Mediterranean Diet in the Southern Hemisphere: The Chilean Experience. Eur. J. Clin. Nutr. 2019,
72, 38–46 [CrossRef]

37. Programa de Alimentación Complementaria del Adulto Mayor. BASES PACAM; Ministerio de Salud: Santiago, Chile, 2021.
38. Hossein-Nezhad, A.; Holick, M.F. Vitamin D for Health: A Global Perspective. Mayo Clin. Proc. 2013, 88, 720–755. [CrossRef]
39. Meehan, M.; Penckofer, S. The Role of Vitamin D in the Aging Adult. J. Aging Gerontol. 2014, 2, 60–71. [CrossRef]
40. Allen, L.H. How Common Is Vitamin B-12 Deficiency? Am. J. Clin. Nutr. 2009, 89, 693–696. [CrossRef]
41. Lachner, C.; Steinle, N.I.; Regenold, W.T. The Neuropsychiatry of Vitamin B 12 Deficiency in Elderly Patients. J. Neuropsychiatry

Clin. Neurosci. 2012, 24, 5–15. [CrossRef]
42. Carrasco, M.; Domínguez De, A.; Martínez, G.; Ihle, S.; Rojas, V.; Foradori, A.; Marín, P.P. Vitamin D Levels in Older Healthy

Chilean Adults and Their Association with Functional Performance. Niveles de Vitamina D En Adultos Mayores Saludables
Chilenos y Su Relación Con Desempeño Funcional. Rev. Med. Chil. 2014, 142, 1385–1391. [CrossRef]

43. Eussen, S.J.P.M.; De Groot, L.C.P.G.M.; Clarke, R.; Schneede, J.; Ueland, P.M.; Hoefnagels, W.H.L.; Van Staveren, W.A. Oral
Cyanocobalamin Supplementation in Older People with Vitamin B 12 Deficiency: A Dose-Finding Trial. Arch. Intern. Med. 2005,
165, 1167–1172. [CrossRef] [PubMed]

44. Wortsman, J.; Matsuoka, L.Y.; Chen, T.C.; Lu, Z.; Holick, M.F. Decreased Bioavailability of Vitamin D in Obesity. Am. J. Clin. Nutr.
2000, 72, 690–693. [CrossRef] [PubMed]
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