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Appendix Figure 1. Number of children in Finland by mother’s age group (1970–2022). 

Supplement 1– Statistical methods 

For the estimation of the number of orphans we used an altered version of the methodology 

introduced by Guida et al. [8] and further applied it to calculate the number of children whose 

mother was diagnosed with cancer and the age-standardized rates for these estimates. The 

estimates for new cases were calculated for each year from 1968 to 2022 and prevalent cases 

from 1970 to 2022. 

The data included fertility rates 𝐹𝑅𝑦,𝑚𝑎 by calendar year 𝑦 (1951, …, 2022) and mother’s age 
𝑚𝑎 (15, …, 49 years), mortality rates 𝑀𝑦,𝑐𝑎  by calendar year 𝑦  (1951, …, 2022) and child’s 
age 𝑐𝑎 (0, …, 17 years), and cancer deaths 𝐷𝑦,𝑚𝑎,𝑡 ,  by mother’s age ma (15, …, 66) and 

cancer type t for calendar years 𝑦 (1953, …, 2022) from Statistics Finland, numbers of 

observed cancer 



cases 𝐶𝑦,𝑚𝑎,𝑡 , by mother’s age ma (15, …, 66) and cancer type t for calendar years 𝑦 (1953, …, 
2022)  from the Finnish Cancer Registry, and the relative risks of parity on specific cancers 

𝑅𝑅𝑡,𝑚𝑎 = {

1.1, for cervix uteri
0.8, for ovary

0.93, for breast and mother′s age over 50 years
1, otherwise.

The mortality rates used were the year and age-wise averages of the mortality rates of boys and 

girls. 

Probability   that a child born in year 𝑦𝑜𝑏 is alive in year 𝑦, when their mother has not died 

from cancer is denoted by 𝑃(𝑎𝑙𝑖𝑣𝑒𝑦|𝑦𝑜𝑏) and was estimated on the basis of the mortality rates

by 𝑒𝑥𝑝{− ∑ 𝑀𝑖,𝑖−𝑦𝑜𝑏
𝑦−1
𝑖=𝑦𝑜𝑏 }. 

Probability   that a child born in year 𝑦𝑜𝑏 is alive in year 𝑦, given that their mother died of 

cancer in year 𝑚𝑑 is denoted by 𝑃(𝑎𝑙𝑖𝑣𝑒𝑦|𝑦𝑜𝑏, 𝑚𝑑) and was estimated by =

𝑒𝑥𝑝{− ∑ 𝑀𝑖,𝑖−𝑦𝑜𝑏
𝑚𝑑−1
𝑖=𝑦𝑜𝑏 − 1.25 ∙ ∑ 𝑀𝑖,𝑖−𝑦𝑜𝑏

𝑦−1
𝑖=𝑚𝑑 }. The coefficient 1.25 is the mortality HR for 

children who have lost a parent, based on data from three Nordic countries 

(methodology presented in Li et al. [7], and Guida et. al. 2022) [8].

For cases of new orphans and new children with maternal cancer we estimated the Average 

number of living Children by mother’s age ma (15, …, 66 years) and calendar year y (1968, …, 

2022) given that the mother has been diagnosed with or died of cancer of type 𝑡: 

𝐴𝐶𝑦,𝑚𝑎,𝑡 = ∑ 𝑅𝑅𝑡,𝑚𝑎

𝑦

𝑖 = 𝑦−17

∙ 𝐹𝑅𝑖,𝑚𝑎−(𝑦−𝑖) ∙ 𝑃(𝑎𝑙𝑖𝑣𝑒𝑦|𝑖).

In the case of total orphans, we instead calculated the Average number of living Orphans 

(Prevalent) by calendar year y (1970, …, 2022) as 

𝐴𝑂𝑃𝑦,𝑚𝑎,𝑡 = ∑ ∑ 𝑅𝑅𝑡,𝑚𝑎−(𝑦−𝑚𝑑) ∙ 𝐹𝑅𝑖,𝑚𝑎−(𝑦−𝑖) ∙ 𝑃(𝑎𝑙𝑖𝑣𝑒𝑦|𝑖, 𝑚𝑑)

𝑚𝑑

𝑖 = 𝑦−17

𝑦

𝑚𝑑 =𝑦−17

and in the case of total children with mother diagnosed ever during child’s lifetime we estimate 

the Average number of Children (Prevalent) by calendar year y (1970, …, 2022)   as 

𝐴𝐶𝑃𝑦,𝑚𝑎,𝑡 = ∑ ∑ 𝑅𝑅𝑡,𝑚𝑎−(𝑦−𝑚𝑑) ∙ 𝐹𝑅𝑖,𝑚𝑎−(𝑦−𝑖) ∙ 𝑃(𝑎𝑙𝑖𝑣𝑒𝑦|𝑖)

𝑚𝑑

𝑖 = 𝑦−17

𝑦

𝑚𝑑 =𝑦−17

. 



Number of New children whose mother was Diagnosed with cancer type 𝑡 by year y (1968, 

…, 2022): 

𝑁𝐷𝑦,𝑡 = ∑ 𝐶𝑦,𝑚𝑎,𝑡 ∙

66

𝑚𝑎=15

𝐴𝐶𝑦,𝑚𝑎,𝑡 . 

Number of New Orphans due to cancer type 𝑡 by year y (1968, …, 2022): 

𝑁𝑂𝑦,𝑡 = ∑ 𝐷𝑦,𝑚𝑎,𝑡 ∙

66

𝑚𝑎=15

𝐴𝐶𝑦,𝑚𝑎,𝑡 . 

Number of Total children whose mother has been Diagnosed with cancer type 𝑡 during child’s 

lifetime by year y (1970, …, 2022): 

𝑇𝐷𝑦,𝑡 = ∑ 𝐶𝑦,𝑚𝑎,𝑡 ∙ 𝐴𝐶𝑃𝑦,𝑚𝑎,𝑡

66

𝑚𝑎=15

. 

Number of Total Orphans due to cancer type 𝑡 by year y (1970, …, 2022): 

𝑇𝑂𝑦,𝑡 = ∑ 𝐷𝑦,𝑚𝑎,𝑡 ∙ 𝐴𝑂𝑃𝑦,𝑚𝑎,𝑡

66

𝑚𝑎=15

. 

The age-standardized rates for maternal orphanhood due to cancer, 

𝐴𝑆𝑅𝑦 = 100.000 ∙ ∑ 𝑤𝑎 ∙
𝑁𝑂𝐴𝑎,𝑦

𝑝𝑜𝑝𝑎,𝑦

17

𝑎=0

, 

 

where 𝑤𝑎 is the weight for the 1-year age group 𝑎, as calculated from the 2000 world 

population, 𝑝𝑜𝑝𝑎,𝑦 is the mean population of age group 𝑎 in year 𝑦, and 𝑁𝑂𝐴𝑎,𝑦 is the age-

specific number of new orphans due to cancer in year 𝑦: 

𝑁𝑂𝐴𝑎,𝑦 = ∑ ∑ 𝐶𝑦,𝑚𝑎,𝑡 ∙ 𝑅𝑅𝑡,𝑚𝑎 ∙ 𝐹𝑅𝑦−𝑎,𝑚𝑎−𝑎 ∙ 𝑃(𝑎𝑙𝑖𝑣𝑒𝑦|𝑦 − 𝑎)

66−(17−𝑎)

𝑚𝑎=15+𝑎𝑡

. 

 

 


