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Abstract

Introduction: Osteoporosis is a chronic disease characterized by a decrease in the density of bone mass, making 
bone more porous, less resistant and of lower quality than normal bone. This leads to the deterioration of its 
microstructure, making the bone more fragile and therefore increasing the risk of fracture. It has been found that 
high concentrations of Lactobacillus and Bifidobacterium promote the absorption of minerals such as calcium, 
magnesium, and phosphorus and thus increase mineral density. Due to the great social and economic impacts of 
osteoporosis, it is necessary to develop interventions that can be easily adopted at the population level, improving 
the quality of life of individuals without significantly affecting the health system. Objective: Assessing the impact 
of increased dairy consumption on the Colombian population diagnosed with osteoporosis between 2015 and 2020 
through the simulation of the potential impact fraction (PIF). Methods: Using data from the Integrated Social 
Protection Information System (SISPRO) and National Nutritional Situation Survey (ENSIN), the incidence, the 
frequency of milk consumption, the potential impact fraction (PIF), and disability-adjusted life years (DALYs) were 
estimated. Results: A total of 63,640 cases of osteoporosis were identified. The highest incidence was observed in 
2019. Seventeen food groups were identified in the ENSIN, and the most frequent products consumed by respondents 
over 50 years of age were milk, cheese, and yogurt. The PIF was then analysed, with a calcium intake of 600 mg/
day, and a significant difference in the decrease in the number of cases was observed. In 2019, a higher estimated 
DALY loss of 9.9 was observed. In women, years of life lost due to fractures were the highest in the 65-69 age 
group. In men, they were highest in the 75-79 age group. Discussion: We observed that the departments with the 
highest consumption of dairy products were the capital of the country and regions where dairy products factories 
are located. It was not possible to establish an association between socioeconomic strata and low dairy intake. 
Nevertheless, some authors have proposed that westernization of diets and low income reduce access to fresh fruits 
and milk derivates. Conclusion: Years lost due to disability increased in the population over 60 years of age. In the 
PIF analysis, a decrease in cases was observed when the population increased consumption of dairy products.

Keywords: Osteoporosis; Dairy products; Calcium; Bone fractures; Disability-adjusted life years; Epidemiology; 
Prevalence; Osteoporotic fractures.
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Resumen

Introducción: la osteoporosis es una enfermedad crónica caracterizada por una disminución de la densidad de 
la masa ósea que hace que el hueso sea más poroso, menos resistente y de menor calidad que el hueso normal. 
Esto conduce al deterioro de su microestructura, por lo que el hueso se hace más frágil y, por lo tanto, aumenta el 
riesgo de fractura. Se ha encontrado que las altas concentraciones de Lactobacillus y Bifidobacterium promueven 
la absorción de minerales como calcio, magnesio y fósforo y, por lo tanto, aumentan la densidad mineral. Debido a 
los grandes impactos sociales y económicos de la osteoporosis, es necesario desarrollar intervenciones que puedan 
ser fácilmente adoptadas a nivel poblacional con el fin de mejorar la calidad de vida de los individuos sin afectar 
significativamente el sistema de salud. Objetivo: evaluar el impacto del aumento del consumo de lácteos en la 
población colombiana con diagnóstico de osteoporosis entre 2015 y 2020 mediante la simulación de la fracción de 
impacto potencial (PIF). Materiales y métodos: estudio ecológico realizado en adultos mayores de 50 años con 
diagnóstico de osteoporosis. A partir de los registros del Sistema Integrado de Información de Protección Social 
(SISPRO) y la Encuesta Nacional de Situación Nutricional (ENSIN), se estimó la incidencia, la frecuencia de 
consumo de leche, el PIF y los años de vida ajustados por discapacidad (AVAD). Resultados: se identificaron un 
total de 63 640 casos de osteoporosis en SISPRO, la mayor incidencia se observó en 2019. Se establecieron 17 
grupos de alimentos en la ENSIN, los productos más frecuentes consumidos en población mayor de 50 años fueron 
leche, queso y yogur. En el cálculo del PIF se encuentra que con una ingesta de calcio de 600 mg/día se reduciría 
significativamente el número de casos. En 2019 se observó una mayor pérdida estimada de AVAD de 9,9. En las 
mujeres, los años de vida perdidos debido a fracturas fueron más altos en el grupo de edad de 65 a 69 años. En 
los hombres, fue más alta en el grupo de edad de 75-79 años. Discusión: observamos que los departamentos con 
mayor consumo de productos lácteos fueron la capital y las regiones donde se encuentran las fábricas de productos 
lácteos. No fue posible establecer una asociación entre los estratos socioeconómicos y la baja ingesta de lácteos. 
Sin embargo, algunos autores han propuesto que la occidentalización de las dietas y los bajos ingresos reducen el 
acceso a frutas frescas y derivados de la leche. Conclusión: los años perdidos por discapacidad aumentaron en la 
población mayor de 60 años. En el análisis PIF, se observó una disminución en los casos (reducción de 2329 casos/
año) cuando la población aumentó el consumo de productos lácteos.

Palabras clave: Osteoporosis; Productos lácteos; Fracturas óseas; Años de vida ajustados por la incapacidad; 
Calcio; Epidemiología; Prevalencia; Fracturas osteoporóticas.

Introduction

Osteoporosis is a chronic disease characterized by a 
decrease in the density of bone mass, making bone more 
porous, less resistant and of lower quality than normal 
bone. This leads to the deterioration of its microstructure, 
making the bone more fragile and therefore increasing 
the risk of fracture1. Clinical complications have been 
associated with fractures and morbidity, such as chronic 
pain and physical disability or mortality2.

In 2010, the worldwide incidence of fracture increased 
to 2.7 million cases per year; by 2050, it is estimated 
to increase to 4.5 million cases per year. The risk of 
fracture due to osteoporosis is higher in women than in 
men and increases exponentially with age. Curtis et al., 
in 2016, reported that hip fractures in women over 50 
years of age occur three times more frequently than in 
men3. The onset of menopause has been identified as a 
risk factor for the development of osteoporosis. Other 
risk factors such as smoking, type 1 diabetes (T1D1), 
parathyroid disease, inflammatory bowel disease (IBD), 

rheumatoid arthritis, and glucocorticoid treatment 
have also been reported4. Some authors have pointed 
out the interaction between the intestinal microbiota 
(IM), the immune system, and nutrient absorption. 
IM-host interactions contribute to the maturation of 
the host immune system, modulating its systemic 
response. Nutrient absorption at the enterocyte level 
is directly linked to interactions generated with the 
intestinal microbiota. The composition of the diet 
has an important impact on the microbial community 
composition5. A high-calorie diet is associated with a 
reduced Bacteroides/Firmicutes ratio, which can lead 
to metabolic disorders in the host6. Although adequate 
protein intake provides the necessary material for 
bone growth, an excess of protein in diet can lead to 
elevated levels of toxins, such as hydrogen sulphide 
and methane in the intestine. It has been found that high 
concentrations of Lactobacillus and Bifidobacterium 
promote the absorption of minerals such as calcium, 
magnesium, and phosphorus and thus increase mineral 
density7. Studies have also shown that the composition 
of the gut microbiome can affect the pH of the gut7, 
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which is very important for nutrient absorption, 
especially calcium absorption. In addition, the gut 
microbiota plays a vital role in the synthesis of vitamin 
B and K, as well as in the metabolism of bile acids 
that are directly related to calcium absorption8. Thus, 
regulation of the gut microbiome has been proposed 
as a target in the treatment of metabolic diseases such 
as osteoporosis to effectively delay osteoporosis and 
increase bone density9.

One of these strategies that has been proposed in recent 
years is the use of functional foods, which due to their 
composition induce modifications in the composition 
of the intestinal microbiota, including better absorption 
of nutrients such as calcium and vitamin D, among 
others10,11. Fermented products such as yogurt, kefir, 
kimchi, and cheeses have suggested beneficial effects 
on the concentrations of short-chain fatty acids (SCFAs) 
that are regulators of osteocyte metabolism12,13.

In Colombia, it was estimated that in 2018, the estimated 
prevalence was 2,440 cases per 100,000 inhabitants 
over 50 years old, with a higher frequency in women 
(92% of cases) than in men, with a female/male ratio of 
12.3:113. Based on these data, it was estimated that by 
2022, there would be a 14% increase in pathological 
hip fractures, which would increase the morbidity and 
mortality associated with the disease14,15. The disability 
adjusted life years (DALYs) for a given condition in a 
population captures years of life lost due to premature 
death and years of life lived with a disability and its 
severity and duration. Previous studies on the global 
burden of osteoporosis have been performed with a focus 
on fractures. Johnell and Kanis quantified the global 
burden of osteoporotic fracture worldwide using DALYs. 
They estimated that there were 740,000 deaths associated 
with hip fracture. There were 1.75 million disability-
adjusted life years lost, representing 0.1% of the global 
burden of disease worldwide16. Due to the great social 
and economic impacts of osteoporosis, it is necessary 
to develop interventions that can be easily adopted at 
the population level, improving the quality of life of 
individuals without significantly affecting the health 
system. This study aimed to determine mortality and 
health-related quality of life and to evaluate the impact of 
increased consumption of dairy foods in the Colombian 
population with osteoporosis from 2015 to 2020.

Materials and Methods

Study design

An ecological study was conducted on older adults 
aged 50 years and above diagnosed with osteoporosis, 

utilizing data from secondary sources spanning from 
2015 to 2020. The data sources considered for this study 
included the Ministry of Health, National Statistics 
Department, and National Surveys on the Nutritional 
Situation in Colombia (ENSIN).

Sources of information

Osteoporosis case data were obtained from the Health 
Ministry Database —SISPRO— (server: cubos3.
sispro.gov.co; cube service provision, search date 
20/10/2021), which has four components: health, 
occupational risks, social promotion, and pensions. 
The first component stores and processes the basic 
and minimum data required by the General System of 
Social Security in Health for management, regulation, 
and control processes. These data are entered from the 
Individual Registry of Health Service Delivery. We used 
information from the National Statistics Department 
(DANE) at the national, departmental, and municipal 
levels for each age group, starting at 50 years of age.

Information was obtained for January 2015 to 31 
December 2020, for which an analysis of the databases 
of the Individual Service Provision Register was carried 
out using the International Classification of Diseases, 
Revision 10 (ICD-10), codes for osteoporosis (M800, 
M801, M802, M803, M804, M805, M808, M810, 
M811, M812, M813, M814, M815, M816, M818, 
M819). Variables such as sex and distribution in five-
year age groups from 50 years onwards, department 
and municipality were analysed using the official 
projections of the DANE based on the projections of 
the 2005 national census.

To determine the number of deaths associated with the 
abovementioned diagnosis, we used the vital statistics 
register from SISPRO.

Incidence estimation

To calculate the incidence, the sum of the number 
of ICD-10 codes mentioned above for each year 
represented the main diagnosis. Population census data 
by the department were obtained according to the official 
projections of the DANE, based on the projections of 
the 2005 national census17. We specifically targeted 
the population aged 50 years and above in our study. 
We calculated the crude rates of osteoporosis within 
this population. To determine the rate, we divided the 
reported cases in SISPRO by the average population 
during the specified period, considering gender and age 
group stratification.
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Frequency of dairy consumption

Data from the ENSIN in 2015 related to the frequency 
of consumption of dairy products were obtained18. 
Information available from the 24/hour reminder form 
and feeding practices was selected. The information was 
filtered by the frequency of consumption of dairy products 
and derivatives in the population over 50 years of age.

Population attributive fraction (PAF) and 
potential impact fraction (PIF)

The PAF was calculated for all fractures, expressed as:

PAF= [Pe (RR-1)/Pe (RR-1) +1]

where Pe = prevalence of the risk factor in the population. 
The prevalence was taken from the literature (for men, 
it was 89.7, and for women, it was 84.4; relative risk 
(RR) of fracture due to low calcium intake (300 mg/
day or less) = 1.08)19,20. Additionally, we considered 
the RR associated with an approximate consumption of 
600 mg/ day21 Table 1. Next, we calculated the absolute 
number of fractures that could potentially be prevented 
with additional calcium intake. In epidemiology, 
this number is known as the PIF. It is calculated by 
multiplying (per age) the incidence of fractures with the 
corresponding PAF for that age, as follows:

PIF= I* N/1 000*PAF

where I = incidence of fractures (per 1,000); N = total 
population per age; and PAF = population-attributable 
fraction. Subsequently, the delta between the PIF and the 
number of cases of osteoporosis was obtained to calculate 
how many cases would occur with the intervention.

Disability-adjusted life years (DALYS)

Data on osteoporosis mortality in those aged over 
50 years of age between 2015 and 2020 and in the 
32 departments were analysed. DALYS were calculated 
considering the sum of years lived with disability 
(YLD) due to morbidity and injury and years of life lost 
(YLL) due to premature death, expressed as follows:

DALYs = YLL + YLD = N * L + I * DW * R

where N is the number of premature deaths, L is the 
standard life expectancy at death, I is the number of 
incident cases in the reference period, DW is the 
disability weight (in the range of 0-1, 0.55 was used), 
and R is the average duration of disability (measured in 
years, age weighting of 3.04 at 50 years, and 12.3 to 80 
years plus). For the calculation of DALYs, YLL, and 
YLD, the World Health Organization (WHO) template 
was downloaded and modified with the osteoporosis 
data obtained for this study22.

Data analysis

We conducted both univariate and bivariate analyses. 
Univariate analysis involved considering the nature 
of the variables: for numerical variables, measures of 
central tendency were applied, while frequencies and 
percentages were estimated for categorical variables. 
Bivariate analysis utilized the chi-square test or Fisher’s 
exact test. Results were deemed statistically significant 
when p-values were below 0.05. GraphPad Prism® V. 5 
and R software® were utilized for the analyses.

Table 1. Summary of the data used and their sources.

Parameter Male Female Data sources

Percentage of low calcium intake 89.7 84.4 19

Recommended intake of calcium
(mg/day) 1,000 1,000

Resolution 3803 of 2016 
Ministry of Health and Social 

Protection for Colombia

Relationship with a calcium intake of 
600 mg/day: RR (95% CI) 0.96 (0.93–0.99) 0.96 (0.93–0.99) 21

Relationship with a calcium intake of 
300 mg/day: RR (95% CI) 1.08 (1.02-1.16) 1.08 (1.02-1.16) 20

Source: Authors.
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Results

Incidence

A total of 72,889 cases of osteoporosis were 
identified during the study period from 2015 to 2020 
(Figure 1a). The highest incidence was observed in 
2019 (overall = 1.6; females = 2.74 and males = 0.22). 
However, in 2020, a decrease in incidence was observed 
(Figure 1b, c). When examining the data by gender, the 
incidence was higher in females compared to males, 
with a ratio of 14:1. Furthermore, there was an increase 
in incidence among older age groups. The departments 
with the highest incidence rates throughout the study 
period were Bogotá, Antioquia, Risaralda, and Caldas.

Frequency of dairy consumption

The ENSIN-2015 included 44,202 households, 
representing 4739 clusters from 177 socioeconomic 
strata. A total of 782,492 food records were analysed. 
Only 0.4% (n= 3,221) of respondents over 50 years of 
age reported consuming daily products (Table S1). The 
most frequently consumed products were cow’s milk, 
curd, cheese, coastal whey, and yogurt.

The departments that reported the highest consumption 
of dairy products were Antioquia, Risaralda, Bogotá, 
Córdoba, and Caldas (Figure S1a). People over 
50 years of age consumed more cow’s milk than yogurt 
(Figure S1b).

Figure 1. Incidence of osteoporosis by sex and five-year age groups for 2015-2020 in Colombia. a) Number of cases and 
incidence per 1,000, b) females, c) males . Source: Authors.

Table S1. Distribution of dairy products and derivatives by region.
Milk products/ 

Region Atlántico Oriental Orinoquia y 
Amazonia Bogotá Central Pacífico Total 

Fermented semi-
skimmed milk meal 0 3 1 2 3 1 10

Oatmeal 0 2 4 1 5 3 15
Milk cream 1 13 2 4 13 3 36

Curd 1 46 10 1 64 27 149
Milk ice cream 2 4 1 3 10 2 22

Kumis 2 4 1 0 6 2 15
Chocolate milk 0 0 0 0 1 0 1

Goat milk 2 1 0 0 1 0 4
Cow's milk 317 544 224 198 543 232 2,058
Milk cream 0 3 0 0 1 1 5

Cheese 238 128 82 62 168 98 776
Costeño-style whey 67 1 0 0 0 0 68

Yogurt 7 18 7 8 17 5 62
Total 637 767 332 279 832 374 3,221 
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Figure S1. a) Frequently per day consumed products were cow's milk, curd, cheese, coastal whey, and yogurt. b) Consumed 
cow's milk and yogurt per region
Source: Authors.

PAF and PIF

Simulation with a RR of 1.08 (intake of 300 mg/day) 
revealed no significant differences (average reduction 
of 1,525 cases/year; p=0.103). Simulation with a RR 
of 0.94 (intake of 600 mg/day) showed an average 
reduction of 2,329 cases/year (p<0.01) (Table 2).

DALYS

An increase in DALYS per 1,000 individuals was 
observed. The highest peak was observed in 2019, 
followed by 2018 and 2017 (Figure 2a).

The age distributions of YLL and YLD differed by sex. 
While women presented fractures early, the YLL peaked 
in the group aged 65-69 years Figure 2b. This trend 
was maintained for YLD, reflecting that most fractures 
occur around the age of 67 years, where the highest 
mortality occurred in women with osteoporosis. In the 

case of males, the YLL peaked in the group aged 75- 79 
years, and YLD peaked between 70-74 years of age 
Figure 2c. This indicates that the incidence of fractures 
is high but has limited consequences for mortality.

The number of DALYs lost seemed to increase with 
age Table S2. In addition, independent of the period 
evaluated, the number of DALYs was larger in women 
Figure 2b, particularly after the age of 65. In addition, 
fractures in women started at 60 years; in contrast, in 
men where they started at 70 years Figure 2c. Using 
the standard WHO method, the average DALY loss 
per 1,000 persons in the study period was estimated 
as 7.1 DALYs. The year 2019 showed the highest rate, 
and 2016 showed the lowest. The total DALYs related 
to fractures in 2019 for those aged 50 to over 80 years 
was 9.9 DALYs. The average YLD per 1,000 persons 
far exceeded the YLL per 1,000 persons, indicating that 
living with a disability due to fracture results in the loss 
of DALYs in those with osteoporosis.
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Table 2. Number of cases prevented according to the PIF calculation.
 Years Years

RR Age 2015 2016 2017 2018 2019 2020 RR 2015 2016 2017 2018 2019 2020

1.08

50 54 30 24 41 57 58 54

0.94

44 34 59 82 122 77
55 - 59 92 57 105 119 198 148 132 81 150 171 283 212
60 - 64 121 91 168 203 345 233 173 133 240 299 493 333
65 - 69 158 114 191 286 413 344 226 163 173 409 591 492
70 - 74 129 131 211 294 489 381 184 187 302 420 699 545
75 - 79 186 156 225 305 470 321 267 223 321 436 673 459

80 + 257 233 366 508 814 610 368 334 523 726 1,165 872

Source: Authors.

Figure 2. a) presents the distribution of the DALYs and YLL by year. Figures 2b and 2c show the distribution of YLL and YLD 
for each sex and age group.
Source: Authors.
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Table S2. Disability-adjusted life years (DALYs) due to Osteoporosis in Colombia for the period 2015-2020.
D

A
LY

S 

Age Males 
Population DALYs DALYs 

per 1000
Females 

Population DALYs DALYs 
per 1000

Persons 
Population DALYs

DALYs 
per 

1000

20
15

50-54 1,275,603 691 0.5 915,085 6,543.48 7.2 2,190,688 7,234.5 3.3
55-59 1,046,914 828 0.8 1,171,877 12,285.88 10.5 2,218,791 13,114.24 5.9
60-64 813,311 787 1.0 915,085 14,421.91 15.8 1,728,396 15,208.65 8.8
65-69 608,850 595 1.0 698,532 12,495.03 17.9 1,307,382 13,090.23 10.0
70-74 421,960 572 1.4 504,881 7,008.43 13.9 926,841 7,580.23 8.2
75-79 297,544 386 1.3 387,074 3,966.56 10.2 684,618 4,352.15 6.4
80+ 284,046 218 0.8 405,568 2,191.33 5.4 689,614 2,409.42 3.5

Total 4,748,228 4077 0.9 4,998,102 5,8912.65 11.8 9,746,330 62,989.45 6.5

20
16

50-54 845,202 366.3 0.4 955,682 3,727.51 3.9 1,800,884 4,093.8 2.3
55-59 1,086,167 644.6 0.6 1,216,812 9,507.55 7.8 2,302,979 10,152.12 4.4
60-64 845,202 668.9 0.8 955,682 12,623.75 13.2 1,800,884 13,292.68 7.4
65-69 633,630 571.8 0.9 730,151 10,667.03 14.6 1,363,781 11,238.80 8.2
70-74 439,732 610.8 1.4 527,807 6,796.42 12.9 967,539 7,407.25 7.7
75-79 303,690 262.4 0.9 396,493 4,072.85 10.3 700,183 4,335.22 6.2
80+ 290,877 182.3 0.6 419,213 2,566.33 6.1 710,090 2,748.65 3.9

Total 4,444,500 3,307.08 1 5,201,840 4,9961.4 10 9,646,340 53,268.56 6

20
17

50-54 878,207 476 0.5 998,341 4,759.21 4.8 1,876,548 5,234.95 2.8
55-59 1,125,784 557 0.5 1,261,025 11,723.84 9.3 2,386,809 12,280.57 5.1
60-64 878,207 927 1.1 998,341 15,820.25 15.8 1,876,548 16,746.99 8.9
65-69 658,313 842 1.3 761,814 13,492.98 17.7 1,420,127 14,334.55 10.1
70-74 459,560 705 1.5 553,979 9,092.70 16.4 1,013,539 9,797.74 9.7
75-79 308,208 368 1.2 402,967 4,939.57 12.3 711,175 5,307.80 7.5
80+ 298,057 357 1.2 433,512 3,036.35 7.0 731,569 3,393.71 4.6

Total 4,606,336 4,231.39 0.9 5,409,979 6,2864.94 11.6 10,016,315 67,096.33 6.7

20
18

50-54 912,157 395 0.4 1,042,147 5,892.63 5.7 1,954,304 62,87.93 3.2
55-59 1,163,904 709 0.6 1,303,076 13,532.48 10.4 2,466,980 14,241.38 5.8
60-64 912,157 802 0.9 1,042,147 17,779.18 17.1 1,954,304 18,581.32 9.5
65-69 683,495 771 1.1 794,380 15,666 19.7 1,477,875 16,437.03 11.1
70-74 480,229 852 1.8 581,704 10,587.62 18.2 1,061,933 11,439.87 10.8
75-79 313,226 419 1.3 409,761 5,842.2 14.3 722,987 6,260.91 8.7
80+ 305,487 372 1.2 448,370 3,437.76 7.7 753,857 3,809.46 5.1

Total 4,770,655 4,319.92 0.9 5,621,585 72,738 12.9 1,0392,240 77,057.92 7.4

20
19

50-54 946,907 616 0.7 1,086,163 8,237.52 7.6 2,033,070 8,853.07 4
55-59 1,198,169 948 0.8 1,341,219 18,723.64 14.0 2,539,388 19,671.68 8
60-64 946,907 1182 1.2 1,086,163 24,296.07 22.4 2,033,070 25,477.86 13
65-69 709,997 1121 1.6 829,021 21,958 26.5 1,539,018 23,079.20 15
70-74 500,982 938 1.9 610,002 14,605 23.9 1,110,984 15,543.23 14
75-79 319,974 548 1.7 418,911 7,912 18.9 738,885 8,460.52 11
80+ 313,236 574 1.8 463,682 4,931 10.6 776,918 5,505.05 7

Total 4,936,172 5,926.32 1.2 5,835,161 100,664 17 10,771,333 106,590.64 10

20
20

50-54 982,386 639 0.7 1,129,812 5,018 4.4 2,112,198 5,657.34 2.7
55-59 1,226,758 504 0.4 1,374,117 13,202.5 9.6 2,600,875 13,706.04 5.3
60-64 982,386 880 0.9 1,129,812 17,305 15.3 2,112,198 18,185.08 8.6
65-69 737,936 999 1.4 866,203 16,441 19.0 1,604,139 17,439.85 10.9
70-74 521,566 736 1.4 638,562 11,261 17.6 1,160,128 11,996.89 10.3
75-79 330,117 474 1.4 433,311 5,668 13.1 763,428 6,142.34 8.0
80+ 321,369 342 1.1 479,516 3,594.4 7.5 800,885 3,936.44 4.9

Total 5,102,518 4,572.39 1 6,051,333 72,491.6 12 11,153,851 77,064 7
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Discussion

The results of this study showed that the disease 
occurred more frequently in women of all age ranges 
and its incidence increased directly proportionally. This 
is due to the rapid decline in bone mass that generally 
begins after the cessation of menstrual periods and the 
slowing of oestrogen production25. In addition, bone 
density decreases2,15.

Colombia has a lower calcium intake than other 
countries in the Latin American region. A previous report 
indicated that the average calcium intake in Colombia 
was 297 mg/day, which is lower than the calcium 
dietary intake levels reported in Chile, Brazil, Bolivia, 
Argentina and Ecuador21. It should be considered that 
osteoporosis is a disease that is considered a public 
health problem worldwide2. The increased incidence 
of the disease as well as the risk of fractures increases 
treatment costs and decreases the quality of life of 
people suffering from this disease15,23.

We observed that the departments with the highest 
consumption of dairy products were the capital of the 
country and regions where dairy products factories are 
located. Additionally, many people over the age of 50 
were able to consume dairy and milk. It was not possible 
to establish an association between socioeconomic strata 
and low dairy intake. Nevertheless, some authors have 
proposed that westernization of diets and low income 
reduce access to fresh fruits and milk derivates24.

A consistent increase in the number of cases of 
osteoporosis was observed between 2015 and 2019. 
The male: female ratio was 1:14. These findings 
showed a notable difference from the data reported 
in other regions of the world. According to the 
International Osteoporosis Foundation (IOF), the ratio 
of osteoporosis is higher among female adults, with a 
proportion of 1:425.

Nevertheless, a decrease in the number of cases of 
osteoporosis in 2020 was observed. This may be 
explained by the effect of coronavirus disease 2019 
(COVID-19) on surveillance systems and a reduction 
in the demand for osteoporosis diagnostics associated 
with pandemic social and mobility restrictions26. 
Nevertheless, these results differ from those reported 
in other countries during 2020. A meta-analysis found 
that the osteoporosis prevalence increased in different 
European and Asian countries in 2020 compared with 
that in 201927. 

Additionally, it is worth noting that there is a scarcity of 
recent available data specifically for Latin America. This 
limited access to up-to-date information in the region 
hinders a comprehensive analysis of the osteoporosis 
trends and their association with the COVID-19 
pandemic. Further research and data collection efforts 
are necessary to gain a better understanding of the 
impact of the pandemic on osteoporosis prevalence and 
to compare it with findings from other regions.

As preventive measures, various national guidelines and 
expert consensus have suggested increasing the intake 
of dairy products to between 600 mg and 1,200 mg of 
calcium per day25,27,28. Laird et al. suggested that yogurt 
consumption may reduce the risk of osteoporosis in 
women and men older than 60 years (OR 0.61; 95% CI 
0.42–0.89). Our simulation showed that an increase of 
300 mg/day yogurt corresponding to 250 ml can reduce 
the risk of osteoporosis in women over 60 years of age.

Several researchers have put forward a proposed 
mechanism that links yogurt consumption, microbiota 
composition, and calcium bioavailability. The 
nutritional composition of yogurt differs from that of 
milk, primarily due to the fermentation process, which 
converts carbohydrates into lactic acid. Moreover, the 
presence of live microorganisms in yogurt can generate 
various metabolites that potentially enhance calcium 
absorption in the small intestine27. 

The number of people who suffer from fracture or 
YLL due to fracture are quantifiable measures that can 
summarize the burden of the disease. We observed an 
average DALY loss of 7.1 for the study period (2015-
2020), with a tendency to increase over time. This 
measure may be important to motivate policy decisions 
and prioritization of funding for osteoporosis treatment. 
Furthermore, the high values suggest the need for better 
policies and treatment practices.

Limitations

Our study is subject to several limitations, primarily 
associated with the data sources utilized. We analyzed 
information from the Colombian Ministry of Health 
database, which presents certain limitations. The main 
drawback of this study is the potential underreporting of 
cases due to the specific characteristics of the National 
Surveys on the Nutritional Situation in Colombia 
(ENSIN) and the Health Information System (SISPRO). 
These limitations should be taken into consideration 
when interpreting the findings of our study.
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Furthermore, we encountered challenges in associating 
the daily consumption of calcium-rich foods with 
osteoporosis due to limitations in the reported 
diseases. As a result, we were unable to establish a 
direct link between food intake and the development 
of osteoporosis in our study. the data on yogurt 
consumption may be underestimated due to the lack 
of information. In contrast to nutritional surveys 
conducted in Korea, Japan, Scandinavian countries, and 
Eastern European countries, the National Surveys on 
the Nutritional Situation in Colombia (ENSIN) does not 
provide differentiated information on the consumption 
of dairy products and fermented foods. This limitation 
poses a challenge when conducting modeling exercises 
in this context. Recognizing the importance of such 
differentiation, the European Food Safety Authority 
(EFSA) has proposed including these categories in 
dietary analysis to determine their potential health 
benefits. Incorporating this level of detail can offer 
valuable insights into the potential impacts on health.

Lastly, it is important to note that the SISPRO database 
primarily includes data on primary diagnoses and lacks 
information on comorbidities. Consequently, we were 
unable to ascertain whether the reported diagnoses 
were new cases or not, as variations in record-keeping, 
such as changes in insurance providers, inadequate 
documentation of medical history, or treatment 
abandonment, could have impacted the accuracy of 
the data. Due to these data limitations, we could not 
determine the duration of disease development, specific 
clinical characteristics of the patients, site of fractures, 
or the response to treatment.

Conclusions

The information for the development of this research 
was extracted from the database of the Colombian 
Ministry of Health. These results show the importance of 
designing public health policies to prevent osteoporosis 
and evaluate its impact.

This work shows that there is no intervention to prevent 
this disease. A higher incidence was observed in 
women, and most fractures in this population occurred 
at approximately 67 years of age, when the highest 
mortality due to osteoporosis was also observed. The 
simulation showed that an intake of 600 mg/day of 
calcium would prevent an average of 2,329 cases/year, 
but only if the population increases its calcium intake, 
which is a population-based intervention.
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