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1  |   INTRODUCTION

Prevalence of vision-threatening diseases and de-
creased visual acuity (VA); (<1.0) are highest among 
the elderly, and the impact of decreased VA on national 
health care and societal costs will increase in the fu-
ture as the population ages (Chen et al., 2024; Purola 
et al., 2021). It has been estimated that globally, during 
the next 30 years, the number of people suffering from 
blindness will rise from 43.3 million (in 2020) to 61.0 

million (in 2050), and the number of those with moder-
ate or severe visual impairment from 295 million to 474 
million (Bourne et al., 2021).

To address the problems related to aging and decreased 
vision, it is important to provide appropriate data to fa-
cilitate decision-making and the allocation of health care 
resources. Previously, both decreased VA at baseline and 
declining VA during 11-year follow-up have been reported 
to have an impact on daily activities and quality of life 
(Taipale et al., 2019). Vision loss has also been associated 
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Abstract
Purpose: To examine what direct and indirect societal costs are associated with 
decreased visual acuity (VA).
Methods: Nationally representative sample of 8028 Finnish adults aged 30 years 
or older with survey data and clinical examination including VA assessment was 
evaluated. These data were linked with multiple national registers to capture 
health care services utilization during 1999–2013. All direct and indirect costs 
were calculated using prevalence-based bottom-up approach and adjusted for 
age, sex, and comorbidities with generalized linear models. The results in 2019 
cost level are presented according to VA groups at baseline per person, and 
with population estimates.
Results: Total direct health care costs ranged from 1996 €/year/person for 
those with VA ≥1.0 to 3277 €/year/person for those with weak (0.32–0.5) VA. 
The increase in direct costs was notable even before the onset of visual im-
pairment. Indirect costs showed monotonously increasing trend with decreas-
ing VA. At the population level, the additional annual direct costs associated 
with decreased VA were estimated at 1.9 billion €. Only 2% or less of the addi-
tional costs are due to increased direct eye-related secondary health care usage. 
Estimated additional annual national indirect costs were 1.2 billion €.
Conclusions: In addition to those with visual impairment or blindness, health 
care need, and societal costs are elevated even among those with adequate VA. 
We conclude, that focusing on prevention of VA decrease would not only help 
sustain the patients' quality of life but could also reduce the future societal 
costs.
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with increased hospital costs and prolonged hospital stay 
among older adults in studies conducted in the US(Morse 
et al., 1999; Morse et al., 2019). Specifically for those with 
progressive vision loss, these costs tend to be higher (Javitt 
et al., 2007). In a recent study from the US, the national 
economic burden of vision loss was estimated at 134.2 
billion $ (in 2017 level), and 73.5% of this originated from 
direct costs (medical, nursing home, and supportive ser-
vices costs) (Rein et al., 2021). In a study conducted in the 
Republic of Ireland, the costs of blindness were estimated 
with including also derivative costs, such as increased de-
pression among people suffering from blindness (Green 
et al., 2016). In another study conducted in Europe, the in-
direct costs of blindness were evaluated, but only for those 
with age of 50 years or more (Chakravarthy et al., 2017). In 
addition, some research has been conducted to globally as-
sess the costs of blindness and visual impairment (Gordois 
et al., 2012; Köberlein et al., 2013).

Although cost of blindness and impaired vision has 
been studied previously, to our knowledge, the societal 
costs associated with decreased VA above 0.5 level have 
not yet been studied. To cover this gap in literature and to 
provide another national cost estimate for those with visual 
impairment or blindness, we examined a nationally repre-
sentative sample of the Finnish population over 30 years of 
age linked to register data to evaluate the costs associated 
with objectively measured visual impairment and milder 
cases of decreased vision. The use of nationally represen-
tative sample linked to national health care register data 
and VA measured by a professional provide a unique basis 
for estimating the impact of VA on the utilization of health 
care services, as well as direct and indirect costs.

2  |   M ETHODS

This study follows the CHEERS 2022 guidelines 
(Husereau et  al.,  2022). A prevalence-based bottom-up 
approach was applied to assess the annual costs associ-
ated with decreased VA, as is common in cost-of-illness 
(COI) studies (Clabaugh & Ward,  2008; Jo,  2014). COI 
studies traditionally stratify costs into three categories: 
direct, indirect and intangible costs (Jo,  2014). Direct 
health care costs covered in our study consist of hospi-
talization, primary and secondary outpatient health care 
services (general practitioners, specialists, and nurses) 
and travel expenses to secondary outpatient care. Drug 
costs and direct non-health care costs are not included 
in the study as these data were not available. Indirect 
costs included unemployment, layoff, early retirement, 
and the consequent productivity losses. Non-monetized 
intangible costs associated with decreased VA have been 
estimated in our previous publication reporting the re-
duction in the quality of life (Taipale et al., 2019). Due 
to the lack of objective valuation methods these are not 
monetized.

2.1  |  Study population and survey design

The Finnish Institute for Health and Welfare has 
conducted two nationwide population-based studies 

including multiple questionnaires and thorough health 
examinations in 2000 and 2011. The sample reflects 
the demographics of the Finnish adult population. 
Probability-clustered sampling and weighting schemes 
were applied, resulting in nationally representative 
samples at the two time points. The general methods have 
been described elsewhere in more detail (Heistaro, 2008; 
Lundqvist & Mäki-Opas,  2016). Briefly, our study 
participants, aged 30 years or older, partook in an 
interview and health examination in 2000, and most of 
them also participated in the follow-up survey in 2011. 
The flowchart in Figure 1 describes the inclusion process 
to regression analyses.

2.2  |  Informed consent and ethical approval

All procedures performed in the Health 2000 and 2011 
studies involving human participants were in accord-
ance with the ethical standards of the institutional and 
national research committee and with the 1964 Helsinki 
declaration and its later amendments or comparable 
ethical standards. Written informed consent was ob-
tained from all participants. The ethical approval pro-
cess details have been reported in previous publications 
(Heistaro, 2008; Lundqvist & Mäki-Opas, 2016).

2.3  |  VA

Presenting distance and near VA were measured binocu-
larly by a specially trained study nurse, using modified 
logMAR letter chart. The illumination was set to ≥350 
lux on the vision chart (Heistaro,  2008, Lundqvist & 
Mäki-Opas, 2016). Distance VA was chosen in analyses 
as it has been found to have more impact on daily living 
and health related quality of life than near VA (Taipale 
et al., 2019). VA was classified according to our previous 
publication (Taipale et al., 2019). VA ≥1.0 was classified 
as good vision, VA 0.63–0.8 as adequate vision, VA 0.32–
0.5 as weak vision, and VA <0.3 as visual impairment or 
severe loss, including blindness.

2.4  |  Health service use

Data on health service use were collected from two 
sources. First, the number of visits to primary care 

F I G U R E  1   Flowchart of the inclusion process to regression 
analyses.
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doctor, hospital outpatient clinic, occupational health 
care doctor, occupational health care nurse, private 
practitioner, other visit to doctor, other visit to nurse 
and home visits performed by nurse or doctor during the 
last 12 months prior to assessment were inquired in the 
study questionnaires. Because self-reported data were 
available for 91.8% of our study sample in 2000 compared 
to 48.9% in 2011, the self-reported resource utilization 
was estimated only based on 2000 sample responses and 
assumed to remain constant during the follow-up period.

Second, the hospitalizations and secondary care vis-
its were estimated through Care Registers for Health 
Care (Hilmo and avoHilmo), which are Finnish national 
registers maintained by the Finnish Institute for Health 
and Welfare. AvoHilmo consists of specialized health 
care outpatient visits whereas Hilmo-data incorporate 
the hospitalization periods. These data are collected 
automatically from health care service providers' pa-
tient management systems and delivered to the Finnish 
Institute for Health and Welfare. To examine the use of 
health care services comprehensively, the period of scru-
tinization was set to 15 years, ranging from 1.1.1999 to 
31.12.2013. Our estimates represent the average annual 
costs during the 15-year follow-up period, in 2019 cost 
level. The data also included the dates of death for those 
1403 participants who had died during the follow-up pe-
riod. Actual follow-up time was calculated for each par-
ticipant separately to obtain more accurate data about 
annual costs.

Additionally, eye-related health service use was esti-
mated separately to demonstrate VA's versatile effects on 
the use of health services. An outpatient visit was con-
sidered eye-related when the main diagnosis was labelled 
eye-related using ICD9 coding (H0**–H5** diagnoses). 
Eye-related hospitalization periods were classified in the 
register data.

When estimating the total costs, hospital outpatient 
visits reported by patients were excluded as these data 
were provided more accurately by the national Care 
Register. As our data did not classify the outpatient vis-
its to emergency and non-emergency visits, these pro-
portions were estimated for primary health care visits 
based on Nationwide Sotkanet-database, and for sec-
ondary health care visits according to real world data 
of the visits to Pirkanmaa Hospital District (PSHP). 
PSHP accounts for the special health care services for 
more than one sixth of the Finnish population and thus 
is considered to produce a reliable estimate. The propor-
tion of emergency visits in 2019 was 37.2% in primary 
health care, 9.79% in secondary health care, and 8.39% 
for ophthalmologists. Using the accurate proportions, 
the weighted mean costs for primary and secondary care 
outpatient visits were calculated.

2.5  |  Health care expenses

The health care service costs were estimated by multiply-
ing the number of visits and hospitalization days with 
the mean unit costs obtained from Kelasto (Statistical 
database, collected and updated by the Social Insurance 
Institution of Finland) and a report made by the Finnish 

Institute for Health and Welfare in collaboration with 
the Social Insurance Institution of Finland and Pharma 
Industry Finland (Kapiainen, Väisänen & Haula 2014). 
For public health care, the unit costs include labora-
tory, administrative, other collateral costs, and patient 
fees but for private practitioners these are not included. 
To alleviate this defect, 10 private health care service 
providers according to market share ranking were ex-
amined, excluding those providing mainly laboratory 
services or oral health care. The mean administrative 
costs in three private service providers remained to be 
estimated and weighted according to the market shares 
(Tevameri,  2018) and then converted to 2011 level with 
the Finnish Cost-of-living index to match with corre-
sponding visit costs (Statistics Finland, 2024). After that, 
all costs were converted to 2019 level based on the most 
recent estimates on health expenditure and financing 
in Finland (Matveinen, 2021). The calculated unit costs 
in 2019 currency were applied in the analyses, and are 
shown in Table 1. Patient fees were considered for pri-
mary health care outpatient visits. The travel expenses 
related to outpatient health-care visits were estimated 
based on a previous publication (Väätäinen et al., 2019).

2.6  |  Indirect costs

The indirect cost analyses include individuals aged from 
30 to 64 years, as those aged 65 years or above were enti-
tled to old-age pension and were generally no longer part 
of the labor force. In our sample, only 0.6% of those aged 
65 or more reported to be full-time employed. The pro-
portion of persons on early retirement pension in each 
VA group was estimated based on the survey data. The 
self-reported year of retirement was applied to calculate 
the working years lost to early pension. Pension consid-
ered to be an early retirement pension if the participant's 
age was below 65 years at the start of the pension. The 
mean pension in Finland was 1369 € per month in 2011, 
and 1681 € per month in 2019 cost level, which was ap-
plied in the calculations (Eläketurvakeskus,  2012). For 
retired people without reported retirement year (n = 310), 
the mean age at retirement according to the VA group was 
applied (56.96 years, 57.55 years, 58.02 years, 57.35 years, 
and 57.23 for VA ≥1.0, 0.63–0.8, 0.32–0.5, <0.3 and not 
measured, respectively). The unemployment subsidies 
were not included, as these data were not available.

In the 2011 survey, the number of unemployment or 
layoff months during the last 5 years were inquired for 
each participant, and then averaged to months per year, 
which was then applied in the analysis. The self-reported 
year of retirement was utilized to calculate the number 
of lost working years due to early retirement, with sim-
ilar age considerations as for early retirement pensions 
described above. The average annualized productivity 
loss due to early retirement was then estimated by divid-
ing this estimated total life-time productivity loss by the 
mean duration of working career in Finland (32.6 years 
in 2011) (Järnefelt et al., 2013).

The productivity losses associated with early retire-
ment, unemployment, and layoffs were conservatively 
valued based on the gross domestic product (GDP) per 
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capita (Kuusisto 2019). The lost productivity can be 
evaluated either with the human capital approach, the 
friction cost approach, or willingness to pay approach 
(Jo,  2014). As the chosen methodology might limit the 
comparability, the human capital approach was utilized 
as it has previously been identified as a more common 
method with disease-specific studies focusing on long-
term consequences rather than the friction cost approach 
(Steinmann et al., 2018).

2.7  |  Data analysis

To estimate the impact of decreased VA, the economet-
ric approach was applied with generalized linear models 
(GLMs) to assess the costs and usage adjusted for vari-
ous health conditions. The choice of applied analysis was 
based on a previous publication, paying attention to the 
distribution of costs in population-based studies (Thiele 
& Markussen, 2012).

The GLM was run separately for every subset of costs 
contributing to the total expenses, and the total costs 

were then added up accordingly. As most of the health 
care costs tend to be caused by a small proportion of 
the population, the costs are highly right skewed and 
often zero-inflated. To obtain a more precise estimate, 
maximum likelihood GLM was applied using Tweedie 
distribution with log link scale response when the zero-
proportion was ≤20%. For subsets with more than 20% of 
zeros, two-part modelling with logistic regression model 
and GLM with gamma distribution and log link were 
applied instead, as suggested in a previous publication 
(Kurz,  2017). Different distribution families, Tweedie 
distribution parameters, and link models were tested, 
and the best model with lowest Akaike's Information 
Criterion (AIC) was chosen. The analyses were adjusted 
for multiple comparisons with Bonferroni correction.

The GLM models also account for some essential 
confounding factors: age, sex, level of education, heart 
disease, pulmonary disease, vascular disease, musculo-
skeletal condition, hypertension, diabetes, psychiatric 
disorder, Parkinson's disease, and cancer. Covariate se-
lection and grouping used in this study have been dis-
cussed in previous publications by the same authors 

TA B L E  1   Health care unit costs in 2011 and 2019 level. Adapted from previous publication with permission. (Purola et al., 2023).

Unit cost (€)

Health care resource In 2011 In 2019 Reference

Primary health care physician visit (including patient fee, 
and collateral costs such as laboratory, imaging, and other 
general costs)

105 129 Kapiainen et al., 2014

During office hours 110 135

On emergency duty 96 118

Private practitioner (including administrative payment) 66 81 Kapiainen et al., 2014

Occupational doctor visit 77 95 Kapiainen et al., 2014

Occupational nurse visit 28 34 Kapiainen et al., 2014

Home care nurse visit 110 135 Kapiainen et al., 2014

Outpatient nurse visit 48 59 Kapiainen et al., 2014

Primary care hospital ward day 213 262 Kapiainen et al., 2014

Secondary/tertiary somatic hospital ward day 737 905 Kapiainen et al., 2014

Secondary/tertiary hospital ophthalmic ward day 873 1072 Kapiainen et al., 2014

Psychiatric hospital ward day 408 501 Kapiainen et al., 2014

Secondary/tertiary care outpatient visit to doctor 264 324 Kapiainen et al., 2014

During office hours 263 323

On emergency duty 278 342

Secondary/tertiary care outpatient visit to eye clinic 199 244 Kapiainen et al., 2014

During office hours 201 247

On emergency duty 174 213

Annual pension 16 428 20 178 Eläketurvakeskus, 2012

Annual gross domestic product 36 746 45 133 Kuusisto 2019

Travel cost per outpatient visit In 2017 In 2019 Väätäinen et al., 2019

Southern Finland 18 19

Eastern Finland 30 32

Northern Finland 41 44

Central Finland 24 25

Western Finland 22 23

Other 25 26

Note: The costs were converted from 2011 or 2017 to 2019 level based on the national estimates on health expenditure and financing (Matveinen, 2021).
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(Purola et al., 2023; Taipale et al., 2019). Some confound-
ing factors had to be excluded from some of the analyses. 
More specifically, hypertension, diabetes, and cancer 
were excluded from the eye-related secondary care inpa-
tient GLM model, as including any of these resulted in 
computational errors in the model due to fragmentation 
of the data. For the same reason, Parkinson's disease was 
excluded from the GLM models for unemployment, pen-
sions, and lost productivity due to early retirement.

To estimate the national burden of decreased VA, the 
annual costs were converted to population level. First, 
the COI was estimated at individual level, by calculating 
the difference between the observed cost and the hypo-
thetical cost in a counterfactual scenario where those 
with adequate, weak, or impaired VA would have had 
good VA, ceteris paribus. Then, the average individual-
level costs were multiplied by the estimated number 
of Finnish people in each VA group. The hypothetical 
counterfactual costs (CFCostVAi) were estimated for 
each group with decreased VA (VAi) using the adjusted 
coefficients from the regression analyses (Tables S1–S10) 
as follows:

Costs modelled with generalized linear models with 
log-link function:

Costs modelled with two-part models where the first 
part was a logistic regression model and second part uti-
lized log link function:

Where ObsCostVA
i

 = Observed unadjusted mean 
cost per person in VA group i, CoefVA

i

 = Regression co-
efficient from generalized linear model for VA group 
i, (log link), ProbCost > 0VA

i

 = Observed proportion 
of subjects with cost greater than 0 in VA group i, 
Coef1VA

i

 = Regression coefficient from the first part of 
the two-part regression model (logit link) for VA group 
i, and Coef2VA

i

 = Regression coefficient from the second 
part of the two-part regression model (log link) for VA 
group i. As measured VA from 2000 was utilized, the 
population estimates were calculated for year 2000 as 
well. The age and other predictors were standardized 
at the mean level of those with good VA in all GLM 
analyses.

The data were mainly analysed with SPSS Statistical 
Software versions 28 and 29 (IBM Corp., Armonk, N.Y., 
USA). The regression analyses were conducted with R 
software (R Core Team, R Foundation for Statistical 
Computing, Austria) using packages twopartm 0.1.0 
(Belotti et al.,  2015) and margins 0.3.26 (Leeper, 2021). 
Complex Samples module in SPSS and Survey pack-
age 3.37 in R were used to account for the complex 
sampling design (Lumley,  2004). As the data are de-
signed to describe the adult population in Finland, the 
weighting scheme constructed by the Finnish Institute 
for Health and Welfare was applied to enhance the 
population-level estimation. The sampling scheme is 

based on IPW-method (reverse probability), further dis-
cussed in a previous publication (Koskinen, Lundqvist & 
Ristiluoma 2012).

3  |   RESU LTS

During the 15-year follow-up period, 4631 of the 8028 
persons in the study sample had at least one overnight 
hospital stay, with the total number of stays ranging from 
1 to 144. In total 6079 of the persons in the study sample 
had a total of 111 177 outpatient doctor visits (ranging 
from 1 to 949 visits per person). Eye-related outpatient 
visits (6811) covered 6.1% of the total outpatient visits. 
The number of eye-related outpatient visits for a single 
participant ranged from 0 to 96 visits. Seventy persons 
in our sample had only eye-related outpatient visits to 
doctor. A total of 658 psychiatric hospital stays by 215 
participants, and a total of 30 590 somatic hospital stays 
by 5288 participants were observed during the examined 
15 years. The number of somatic hospital stays in pri-
mary health care was 7633.

The average adjusted annual costs per person catego-
rized with distance VA at baseline are reported in Table 2. 
Each row represents the compressed results of a single 
GLM-analysis, reported in more detail in Tables S1–S10. 
The predictors in these regressions are standardized at 
the average level of those with good VA. Average total 
annual direct health care costs increase from 1996 € per 
person for those with good VA to 3277 € for those with 
weak VA. Interestingly, average annual direct costs were 
higher for those with weak VA compared to those with 
visual impairment or severe loss. Eye-related secondary 
care accounted only for 1.4% of the individual-level total 
direct health care costs even for those with visual impair-
ment or severely lost vision (Table 2). Indirect costs show 
the greatest leap when comparing the VA groups of good 
and adequate VA: from 20 056 € to 24 148 € annually. Yet, 
the indirect costs grow further to 29 766 € per year in the 
group of visually impaired, even without counting the 
productivity loss due to unemployment or layoff.

The greatest share of the total direct health care 
costs in each of the VA groups originated from hospi-
talizations, and the majority of the indirect costs from 
productivity losses resulted from early retirement. 
At the national level, the observed total direct health 
care costs were 9.6 billion € and the indirect costs were 
48.5 billion € (Table S11). The total direct and indirect 
health care costs in more detail for VA groups have 
been reported in Table S11. According to our data, 12% 
of the visually impaired (7092 out of 58 287) were aged 
from 30 to 64 years.

The estimated additional annual costs in the 
Finnish population, compared to the hypothetical sit-
uation where the whole adult population aged 30 years 
or older would have VA ≥1.0, are presented in Table 3. 
Total annual additional direct costs were estimated 
at 1.9 billion €, and annual additional indirect costs 
at 1.2 billion €. In national population-level analysis, 
eye-related secondary care accounted for approxi-
mately 1.9% of the additional direct health care costs. 
Relative reduction in employment compared to those 

CFCostVA
i

= e
ln

(

ObsCostVAi

)

−CoefVAi

CFCostVA
i

=
1

1+e
ln

(

1

ProbCost>0VAi

−1

)

+Coef1VAi

∗ e
ln

(

ObsCostVAi

)

−Coef2VAi
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with VA ≥1.0 was 7.9%, 8.6% and 24.6% with adequate, 
weak, or visually impaired or severe vision loss groups 
respectively (Table  S12). Average marginal effect 
(AME) contrasts in each cost category are presented in 
Tables S1–S10 for each VA category and confounding 
factor included in the analyses.

Figure 2 shows the estimated direct and indirect costs 
in Finnish national level, as well as the proportions of the 

costs associated with decreased VA. For better visualiza-
tion, the values in X-axis vary between the sub charts.

4  |   DISCUSSION

Our data indicate that decreased VA is associated with 
higher direct and indirect costs, with the excess cost 

TA B L E  2   The average annual costs (€) per person during the follow-up according to VA at baseline. Each row shows the results of single 
GLM regression analysis. The costs are presented in 2019 level.

Annual costs, €
Good VA 
(≥ 1.0), n = 4942

Adequate VA 
(0.63–0.8), n = 1074

Weak VA (0.32–
0.5), n = 472

Impaired or severe loss 
(VA <0.3), n = 150

Total primary, secondary, and psychiatric inpatient 
care

1167.57 1707.47 2236.06 2051.86

Eye-related secondary inpatient carea 2.01 4.18 5.80 20.34

Total secondary outpatient care 417.95 414.83 426.71 328.73

Eye-related secondary outpatient care 13.66 19.06 18.93 21.64

Doctor: Primary, occupational, and private care 271.93 258.52 252.36 294.34

Nurse: Primary, occupational, and private care 104.65 120.88 327.53 239.41

Travel expenses 34.30 33.73 34.44 28.82

Total direct health care costs 1996.40 2535.43 3277.10 2943.16

Early retirement pensions 5719.80 6825.86 7615.45 9196.23

Productivity losses due to early retirement 12794.00 15268.08 17034.43 20570.13

Productivity losses due to unemployment or layoffb 1541.87 2053.75 1657.14 NA*

Total annualized indirect costs 20055.68 24147.69 26307.02 29766.37**

Note: The analyses were adjusted for age, sex, the level of education, heart disease at baseline, pulmonary disease, vascular disease, musculoskeletal condition, 
hypertension, diabetes, psychiatric disorder, Parkinson's disease, and cancer, unless marked with a or b.
aNot adjusted for hypertension, diabetes, and cancer.
bNot adjusted for Parkinson's disease.

*Not available due to low number of respondents in this category. **Without productivity losses due to unemployment.

TA B L E  3   Estimated annual additional costs (cost of illness) (€) compared to those with VA ≥1.0 at baseline. Each row shows the results 
based on single GLM regression analysis adjusted for the essential confounding factors and comorbidities specified above. Calculated to 
population level in 2000 according to Statistics Finland and the stratified cluster design weights by the Finnish Institute for Health and Welfare.

Annual additional costs in Finland

Adequate 
VA 
(0.63–0.8)

Weak 
VA (from 
0.32–0.5)

Impaired or 
severe loss 
(VA <0.3) Total

Proportion of the 
corresponding costs in 
Finnish national level 
population, by category (%)

Population 516 121 201 356 58 287

Total primary, secondary, and psychiatric 
inpatient care

745 918 541 716 217 861 282 026 106 1 744 162 508 26.2%

Eye-related secondary inpatient care 7 775 530 7 026 373 12 129 725 26 931 628 74.1%

Total secondary outpatient care -2 319 757 2 607 798 −9 251 842 −8 963 801 −0.6%

Eye-related secondary outpatient care 5 698 684 2 467 457 1 566 476 9 732 618 15.1%

Doctor: Primary, occupational, and private 
care

−7 187 754 −3 745 422 2 579 292 −8 353 883 −1.0%

Nurse: Primary, occupational, and private care 25 392 381 124 047 105 25 143 941 174 583 427 29.7%

Travel expenses −427 596 42 097 −585 314 −970 813 −0.8%

Total annual additional direct health care costs 761 375 815 839 169 439 299 912 183 1 900 457 438 19.7%

Working-age population (30–64 years) 234 283 63 256 7092

Early retirement pensions 207 550 915 115 703 831 24 093 665 347 348 411 2.5%

Productivity losses due to early retirement 464 257 736 258 817 399 53 892 928 776 968 063 2.5%

Productivity losses due to unemployment or 
layoff

100 166 766 6 869 453 NA* 107 036 219 2.9%

Total annual additional indirect costs 771 975 417 381 390 683 77 986 593** 1 231 352 693 2.5%

Note: The right-most column presents the proportion of the additional costs compared to the corresponding total population costs for each category (Table S11).

*Not available due to low number of respondents in this category. **Without productivity losses due to unemployment.
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increasing with greater decrease in VA. At the individual 
level, almost one half of the increase both in direct and 
indirect costs occurs when comparing the group with 
good VA to the group with adequate VA. Surprisingly, 
the greatest indirect cost difference between any two 
adjacent VA groups was observed when the good VA 
and adequate VA groups were compared. For direct 
costs, the difference was even greater when comparing 
adequate and weak VA groups. Our results support the 
findings of Javitt et  al., that for those with weaker VA 
the costs increase gradually (Javitt et  al.,  2007) but in 
addition to that, our study demonstrates that the costs 
begin to increase even before the threshold of visual 
impairment is reached. Our findings highlight that 
the smaller decreases in VA should also be considered, 
when estimating the national or international costs of 
decreased VA, as the proportion of population with 
adequate VA (0.63–0.8) is quite substantial.

Those with visual impairment utilized less secondary 
outpatient care, compared to any of the other groups, 
even after adjusting for age and various comorbidities. 
Similar results have been reported in a population-based 
cohort study from Taiwan, where those with visual dis-
ability had less nonophthalmic outpatient visits and 
costs but more ophthalmological care (Hou & Pu, 2022). 
This might be a consequence of the increased demand 
for inpatient care among those with visual impairment. 
Another explanation could be, that those with visual 
impairment might not evaluate their other symptoms as 

significant as those with better VA, leading to patients 
possibly opting out of necessary care. In addition, dif-
ficulties in moving and need for help in transportation 
create barriers to obtaining necessary care.

Most of the individual-level costs associated with de-
creased VA derive from indirect costs, and more specif-
ically, from productivity losses and pensions. However, 
when examining the population-level additional costs, 
the total direct health care costs are greater than indirect 
costs in every other than adequate VA group, as the in-
direct costs included in the analyses are only relevant for 
the working-age population. The proportion of working-
aged persons with impaired VA was 12.2%. In weak and 
adequate groups these percentages were 31.4% and 45.4% 
respectively. Thus, at the population level the direct ad-
ditional health care costs are higher than the indirect ad-
ditional costs, but for working-aged, the indirect costs 
constitute a larger share than the direct costs.

The estimated national-level annual additional direct 
costs of decreased VA were 1.9 billion €, after adjusting 
for confounding factors. This accounts for 39% of the 
total observed direct health care costs (4.8 billion €), in-
cluding all other than good VA group. The direct cost 
proportions attributed solely to decreased VA were 30%, 
50%, and 47% in adequate, weak, and impaired or severe 
loss groups, respectively.

The annual additional national indirect costs were 
estimated at 1.2 billion €, mostly due to productivity 
losses caused by early retirement. Decreased VA was also 

F I G U R E  2   Estimated direct and indirect costs in Finnish national level, and proportion of costs attributable to decreased VA by VA group, 
based on the observed costs in the study population. Negative values and proportions denote, that the cost was on average lower if the subject 
had decreased VA compared to good VA. [Correction added on 27 January 2025, after first online publication: Figure 2 was corrected.]
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associated with higher unemployment rate. Previously, the 
estimates have not been sufficiently precise due to lack of 
data, as is the case with the article by Chakravarthy et al., 
where they had to assume 0% productivity for blind and 
70% productivity for moderate to severe visual impair-
ment (MSVI) applying the GNI-method (Chakravarthy 
et al.,  2017). In our sample, the relative decrease in em-
ployment for those with visual impairment, severe vision 
loss or blindness was 24.6%. Despite some disparities in 
the methodology, this aligns quite well with the estimates 
provided by Marques et al. as they estimate 22.5% relative 
reduction in employment among persons with vision loss 
in Central and Eastern Europe (Marques et al., 2021).

The proportion of early retirement pensioners was 
also higher in groups with decreased VA, when adjusted 
for comorbidities. In total, approximately 2.5% of the 
total annual national indirect costs from early retire-
ment and unemployment were attributed to decreased 
VA. Furthermore, for those with adequate, weak, or im-
paired or severely lost VA, decreased VA alone accounts 
for 18% of the indirect costs. Our data uncovers the 
comorbidity-corrected association and incremental im-
pact of decreased VA on productivity losses and indirect 
costs, which are beneficial for the future research.

The statistical methodology we employed in our 
study allow us to compare the costs associated with de-
creased VA to other health conditions. Furthermore, as 
those with decreased VA have been reported to be sus-
ceptible to depression or other types of mental burden, 
(Parravano et al., 2021) inclusion of psychiatric disorders 
to our model allow us to discern the impact of decreased 
VA from these associated conditions. Regarding the 
magnitude of the other health conditions, having diabe-
tes at baseline increased the annual inpatient costs by 
818 €, which is clearly less than the impact of weak base-
line VA (1068 €). Even slightly decreased VA in adequate 
VA group resulted in greater increase in annual cost (540 
€) than heart disease (342 €). A high level of education, 
on the other hand, had a protective effect on the costs, 
as the inpatient costs were 285 € lower annually, com-
pared to those with low level of education. Furthermore, 
a high level of education had a protective impact also 
for the indirect costs. Psychiatric disorder, in turn, sig-
nificantly increased the indirect costs for both early 
retirement pensions (2841 €/year) and productivity loss 
due to early retirement (6354 €/year). These findings are 
also consistent with previous observations, where mental 
disorder in Finland was the most significant contributor 
to disability pensions and was more likely to result in 
long-term early retirement compared to the other causes 
(Laaksonen & Gould, 2015).

Some limitations of our study need to be noted. First, 
although the data collected from multiple sources can 
be considered comprehensive, there are some challenges 
in processing and integrating the data. For instance, the 
costs data were available partly from different years. For 
simplicity, we approached this by using the most recent 
estimates on health expenditure and financing in Finland 
to adjust for comparability, but some uncertainty might 
still retain.

Second, we were unfortunately not able to estimate 
the private health care laboratory costs, as the biggest 

laboratory companies are reluctant to release their de-
tailed, classified laboratory costs. In public health care 
the laboratory costs are included in the unit costs, allevi-
ating this deficiency in total costs analysis.

Third, we were not able to estimate the costs of care 
outside the health system, absenteeism or sick leaves, 
unemployment benefits, vision aids, drugs, or prescrip-
tions. In addition, non-health care costs, such as those 
caused by social services, transportation to other than 
secondary outpatient care or childcare and housekeep-
ing were not included in this study. However, the costs 
covered by this study are generalizable to the Finnish 
adult population or to a similar setting in terms of popu-
lation demographics and financial support system from 
government.

Fourth, it should be noted that VA was measured 
binocularly with possible habitual correction. While 
this is appropriate with regard to managing everyday 
activities, it might lead to loss of specificity when eval-
uating the costs caused by visual factors, as decreased 
VA or restricted field of view in one eye is not identified 
if the other eye remains intact. The impact caused by 
this deficiency is likely to cause underestimation of the 
additional costs caused by decreased VA reported in 
this study. Furthermore, it must be noted that all esti-
mates in the present study are based on presenting VA. 
Also, the data about optician visits were not available 
based on the existing registers, nor was this informa-
tion inquired during the interviews. As such, the need 
for eye-related care as well as costs are likely to be 
greater than estimated here, as even many of those with 
VA 1.0 wear spectacles or contact lenses for better VA. 
This particularly concerns presbyopes, and the impact 
of it in the analyses is mitigated with investigating dis-
tance VA instead of near VA.

Fifth, the prevalence-based approach of COI studies 
has its benefits as well as downsides. It has been previ-
ously estimated to be the only feasible way to measure 
the costs of long-term conditions, such as declining VA 
(Jo, 2014). A downside of the prevalence-based approach 
is that it may not accurately quantify the long-term con-
sequences of the condition as pointed out by (Jo, 2014) 
and therefore the costs presented in our study might 
be slightly underestimated. However, we examined the 
register data of secondary and tertiary care visits and 
hospitalization from 15 years, hereby alleviating the po-
tential bias caused by this approach. Prevalence-based 
approach is also the most commonly used method in 
COI studies (Clabaugh & Ward, 2008), which helps com-
paring our results with previously conducted research.

Although there are limitations, there are also major 
strengths to our study. First, our study included na-
tionwide register databases and a large sample, which 
represents the Finnish population aged 30 or older. 
Furthermore, a weighting scheme was applied to min-
imize the bias caused by nonresponse. The data design 
also reduces the impact of some confounding factors, 
as might not be the case in the samples collected from 
health care units, in which the patients in the control 
group might not be fully healthy. Second, adjusting 
for confounding factors was further amplified by the 
GLM analysis to separate the impact of other factors 
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from decreased VA. Third, the study design allowed us 
to apply the bottom-up approach, which helps to avoid 
misallocation of the costs, which is more likely to happen 
when utilizing top-down approach (Jo, 2014).

And finally, in comparison to previous studies investi-
gating the costs of visual impairment and blindness, this 
study extends the scrutinization also to those with ade-
quate vision. Moreover, we also applied measured VA, 
examined by a professional rather than self-reported vi-
sual status.

Our data suggest that regardless of the cause, decreased 
VA is associated with significant increase in the health 
care utilization and costs. Although further research is 
needed to verify our findings, and to examine the causal 
relationships between VA, health care utilization, and 
costs, our findings indicate that almost 20% of the direct 
total health care costs could potentially be avoided, if 
VA of the population could be preserved at 1.0 or better. 
Preventive approaches and early interventions for people 
with decreased VA would not only help sustain their qual-
ity of life but could also reduce the future societal costs.
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