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Abstract
Aims/hypothesis Diabetes and diabetes complications are a cause of substantial morbidity, resulting in early exits from the labour
force and lost productivity. The aim of this study was to examine differences in early exits between people with type 1 and 2
diabetes and to assess the role of chronic diabetes complications on early exit. We also estimated the economic burden of lost
productivity due to early exits.
Methods People of working age (age 17–64) with diabetes in 1998–2011 in Finland were detected using national registers
(Ntype 1 = 45,756, Ntype 2 = 299,931). For the open cohort, data on pensions and deaths, healthcare usage, medications and
basic demographics were collected from the registers. The outcome of the study was early exit from the labour force
defined as pension other than old age pension beginning before age 65, or death before age 65. We analysed the early exit
outcome and its risk factors using the Kaplan–Meier method and extended Cox regression models. We fitted linear
regression models to investigate the risk factors of lost working years and productivity costs among people with early exit.
Results The difference in median age at early exit from the labour force between type 1 (54.0) and type 2 (58.3) diabetes groups
was 4.3 years. The risk of early exit among people with type 1 diabetes increased faster after age 40 compared with people with
type 2 diabetes. Each of the diabetes complications was associated with an increase in the hazard of early exit regardless of
diabetes type compared with people without the complication, with eye-related complications as an exception. Diabetes compli-
cations partly but not completely explained the difference between diabetes types. The mean lost working years was 6.0 years
greater in the type 1 diabetes group than in the type 2 diabetes group among people with early exit. Mean productivity costs of
people with type 1 diabetes and early exit were found to be 1.4-fold greater compared with people with type 2 diabetes. The total
productivity costs of incidences of early exits in the type 2 diabetes group were notably higher compared with the type 1 group
during the time period (€14,400 million, €2800 million).
Conclusions/interpretation We found a marked difference in the patterns of risk of early exit between people with type 1
and type 2 diabetes. The difference was largest close to statutory retirement age. On average, exits in the type 1 diabetes
group occurred at an earlier age and resulted in higher mean lost working years and mean productivity costs. The
potential of prevention, timely diagnosis and management of diabetes is substantial in terms of avoiding reductions in
individual well-being and productivity.
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Introduction

An increase in the incidence of type 1 diabetes has been
observed all over the world, and Finland is one of the coun-
tries with the strongest trend [1, 2]. Simultaneously, the prev-
alence of type 2 diabetes has demonstrated steady growth
globally and in Finland [1, 3]. Recent estimates from a
Finnish health survey state that the prevalence of diabetes
among adults over 30 years of age was 13% among men
and 9% among women [4]. The majority of cases are of type
2 diabetes (85%) [3]. Since the factors behind type 2 diabetes
are better known, cost-effective means to prevent and manage
the disease have also been developed [5].

Various cost studies have associated both type 1 and
type 2 diabetes with increased healthcare costs [6].
Diabetes has also been associated with a variety of negative
labour market outcomes such as unemployment, sick leave,
early retirement, death and lowered on-the-job productivity.
Type 1 diabetes is associated with higher healthcare expen-
diture per person compared with type 2 [6], but the differ-
ence in early exit from the labour force between diabetes
types remains unexplored. Typically, studies have either
adopted the perspective of one of the diabetes types or

considered both types together, and no previous study has
compared the risk between type 1 and type 2 [7].

Delayed diagnosis or inadequate treatment of diabetes can
result in complications with varying levels of disability [1].
Globally, the prevalence of severe diabetes complications
such as acute myocardial infarction, stroke and lower extrem-
ity amputation has been shown to have decreased in the past
few decades, especially among people with type 2 diabetes. A
similar trend has been observed in Finland. However, the
prevalence of multiple complications among people with type
1 diabetes has been shown to have increased [8, 9]. Diabetes
complications have been shown to increase healthcare costs
substantially [10–12], but the evidence of association of
diabetes complications with early exit from the labour force
is scarce [13, 14].

Impaired ability to participate in the labour force can result
in a substantial reduction in quality of life and increased
productivity losses, which have consequences for both indi-
viduals and society [15, 16]. The economic burden related to
productivity losses caused bymorbidity is typically referred to
as productivity costs [17]. As onset of both type 1 and type 2
diabetes typically occurs during working age [1], diabetes is a
notable cause of productivity costs [6]. Diabetes cost studies
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estimating productivity costs have typically been carried out
with cross-sectional designs, which do not allow consider-
ation of temporal patterns of early exits [6].

The study aims were: (1) to examine the differences in
early exits from the labour force between people with type 1
and 2 diabetes; (2) to assess the role of chronic diabetes
complications in early exit; and (3) to estimate the mean lost
working years and productivity costs related to early exits.We
characterised the risk of early exit and the association of
complications with the risk among people of working age with
diabetes in Finland, and distinguished between type 1 and
type 2 diabetes to reflect the differences in disease severity
and management.

Avoiding impaired ability to work and the resulting reduc-
tions in quality of life and income is important to both indi-
viduals and society. Knowledge of how the risk of early exit
develops with age among the different subtypes of diabetes,
and how complications are associated with the risk, is essen-
tial to enhance the cost-effectiveness of interventions and
disease management strategies. In parallel with increasing
the statutory retirement age, effort should be devoted to reduc-
ing early exits from the labour force caused by morbidity.

Methods

Study data originated from national healthcare and adminis-
trative registers (Electronic supplementary material [ESM]
Fig. 1). Personal identity codes enabled the linkage of infor-
mation from different registers and the collection of a detailed
panel on health service use and pensions [18]. Full details of
the cohort were reported by Sund and Koski [3].

Identification of people with diabetes and diabetes type clas-
sification Study data consist of all people with diagnosed
diabetes (excluding people with gestational diabetes) in
Finland during 1998–2011 (ESM Fig. 1). A person was
included in the study as having diabetes if: (1) a record of

entitlement to reimbursement for or a purchase of glucose-
lowering medication or insulin was found; or (2) a diabetes
diagnosis (ESM Table 1) related to a visit or stay at an inpa-
tient or secondary outpatient service provider was detected; or
(3) a diabetes-related entry was found in the Medical Birth
Register, Diabetes in Finland (FinDM 1) study [19] or
Causes of Death Register. The date of the first entry was
considered the date of onset of diabetes. Diabetes type classi-
fication was primarily based on data on entitlements for
special reimbursement for diabetes-related medication and
actual medication purchases (ESM Methods).

Detection of diabetes complications Chronic diabetes compli-
cations were defined as long-term micro- and macrovascular
complications that are likely preventable by proper control of
blood glucose and cardiovascular risk factors [20]. Detection of
complications was based on a person’s healthcare service use,
for which follow-up data were available for a maximum of
14 years (1998–2011) (ESM Fig. 1). Complications were
grouped into six categories: kidney-related, eye-related, neuro-
pathic, musculoskeletal, foot and cardiovascular complications.
If an entry with complication diagnosis (ESM Table 2) was
detected in any of the care registers subsequent but not prior
to an entry with diabetes diagnosis, the individual was consid-
ered to have a diabetes complication. The earliest entry found
was regarded as the date of onset of the complication and the
person was classified as having the complication from the date
of the first entry until the end of the follow-up.

Definition of follow-up periods and outcome Working age
was defined as 17–64 years. A person entered the study either
on 1 January 1998 (at age between 17–64) or when that person
reached working age (17th birthday) (ESM Fig. 2). By
allowing for a person’s late entry into the study, study subjects
form an open cohort. Age was used as the time scale.

Data on pensions (effective for at least 1 day during 1998–
2011) were collected for the cohort (ESM Fig. 1), including
the duration and type of the pension. The data were

0

10

20

30

40

50

60

70

80

90

100

20 25 30 35 40 45 50 55 60 65

Age (years)

R
is

k 
of

 e
ar

ly
 e

xi
t (

%
)

Type 1, n=45,756
Type 2, n=299,931

0

10

20

30

40

50

60

70

80

90

100

20 25 30 35 40 45 50 55 60 65

Age (years)

R
is

k 
of

 e
ar

ly
 e

xi
t (

%
)

Type 1 men, n=28,234
Type 1 women, n=17,522
Type 2 men, n=169,962
Type 2 women, n=129,969

a bFig. 1 The risk of early exit from
the labour force in the study
cohort, by diabetes type (a) and
by sex and diabetes type (b).
Median ages of early exit are
indicated with vertical, dashed
lines

797Diabetologia (2021) 64:795–804



complemented with date of birth, date of death and sex, which
was recognised as a confounder.

People that were not considered to be of working age
during the study period and people whose pension had started
before 1998 were excluded (n = 178,466), resulting in
345,687 people with diabetes.

Each person was followed for a maximum of 14 years until
early exit from the labour force occurred or the person was
censored. The outcome of early exit was defined as the first of:
early retirement due to disability; early retirement due to
unemployment; early retirement on a part-time pension; or
death before age 65. All exits were considered irreversible.
Retirement on an old age pension was considered a natural
manner of exiting the labour force, and these people were
treated as censored. In addition, people that turned 65 or
reached the end of the study (31 December 2011) without
any of the outcomes occurring were censored.

Assessment of productivity costs Lost productivity included
losses due to early retirement and death before age 65.
Individual lost working years for people that had retired
prematurely during 1998–2011 were estimated by calculating
the difference between the day when the person reached age
65 and the day of early exit. The sensitivity of productivity
costs on assumption of retirement age was analysed using the
average age of retirement in the Finnish population in 2011
(60 years) [21] as an alternative to the age of 65.

Productivity costs were estimated using individual-level
annual income data (ESM Fig. 1). Since people with diabetes
are prone to productivity losses already before retirement [14],
we calculated themedian of annual incomes from the last 5 years
before the exit for each individual and used it as an estimate for
productivity cost. For people without income information (n =
368), diabetes type- and sex-specific median incomes were used.

Statistical methods The risk of early exit from the labour force
was analysed using the Kaplan–Meier method. Late entry to
the risk set was adjusted for. Survival curves were presented
separately for type 1 and type 2 diabetes groups and by sex
among these groups.

The association of diabetes type and complications with the
hazard of early exit from the labour force was assessed using
extended Cox regression models with time-dependent covar-
iates. The first model estimated the crude, overall relative
difference in the hazard between diabetes types, regardless
of when diabetes was diagnosed. The second model adjusted
the hazard ratio for time-dependent complications and sex. As
a lack of proportionality was noticed in a visual inspection of
the hazards, the third model examined the association of type
1 and type 2 diabetes onsets with early exit, modelled as
dichotomous time-dependent covariates. In the fourth model,
the results of this model were adjusted for time-dependent
complications and sex.

Associations of the risk factors with lost working years and
productivity costs were investigated with linear regression
analysis. The first model examined the association of diabetes
type with lost working years. The second model adjusted the
model by complications and sex. The third and fourth models
implemented the same strategy on productivity costs.

Statistical significance was set at a 5% level. Analyses were
carried out using R statistical software 3.6.0 (‘survival’ pack-
age) [22].

Results

Population characteristics The study cohort consisted of
345,687 people with diabetes. The majority (87%) had type
2 diabetes and 57% were men (Table 1).

Complications were more common among people with
type 1 diabetes: nearly 50% were diagnosed with complica-
tions from one or more complication categories, while among
people with type 2 diabetes this was fewer than 20%. In the
type 1 diabetes group, almost 10% were diagnosed with
complications from three or more complication categories,
while in the type 2 diabetes group this was fewer than 1%.

In the type 1 diabetes group, over 30% were diagnosed
with at least one eye-related complication. Eye-related
complications were the most common complication group in
the type 1 diabetes group, before cardiovascular complica-
tions. In the type 2 diabetes group, cardiovascular complica-
tions were most frequent, with over 10% of people diagnosed
with one or more complications from this category. Over 5%
with type 1 diabetes and 1% with type 2 were diagnosed with
diabetes foot complications, making it the least frequent
complication group in both diabetes type groups.
Complications were more common in older age groups, with
the exception of eye-related complications in the type 1 diabe-
tes group (ESM Table 3).

The relative frequency of early exit from the labour force
due to early retirement was higher in the type 2 diabetes group
compared with the type 1 diabetes group. In the type 1 diabe-
tes group, the relative frequency of deaths before age 65 was
higher compared with the type 2 diabetes group.

Risk of early exit from the labour force The difference in
median age at early exit from the labour force between the
type 1 (54.0 years; 95% CI 53.7, 54.3) and type 2 (58.3 years;
CI 58.2, 58.4) diabetes groups was 4.3 years (Fig. 1a). In early
adulthood, the risk of early exit in the type 2 diabetes group
was higher compared with the type 1 diabetes group.
However, the risk of early exit increased more rapidly in the
type 1 diabetes group and exceeded that of the type 2 diabetes
group at age 40. The risk of early exit by 55 years of age was
53% and 40% for people with type 1 and type 2 diabetes,
respectively. The difference in risk of early exit was highest
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at age 56 (13.4%) and remained similar until age 60. The
sudden increase in risks of early exit at age 60 is due to the
possibility of retiring on an unemployment pension.

Close to the statutory retirement age, men had a notably
higher risk of early exit than women in both diabetes type
groups. Among men, the median age at early exit was 53.3
(CI 52.9, 53.7) and 57.4 (CI 57.0, 57.8) for people with type 1
diabetes and type 2 diabetes, respectively, resulting in a differ-
ence of 4.1 years (Fig. 1b). Among women, the difference was
3.4 years (type 1: 55.3 [CI 54.9, 55.8]; type 2: 58.7 [CI 58.5,
58.9]). Men with type 2 diabetes had a notably higher risk of
early exit in early adulthood compared with all other groups.
The risk for both men and women with type 1 diabetes
exceeded that of men with type 2 diabetes approximately at
age 47. When only people with an early exit were considered,
women had a higher risk of early exit in both diabetes type
groups throughout the working age.

Association of diabetes type and complications with early exit
from the labour force According to the crude comparison, the
hazard of early exit from the labour force was 28% lower for
people with type 2 diabetes compared with type 1 (Model 1,
Table 2).When the onset of diabetes was controlled for, type 1
and type 2 diabetes were observed to increase the hazard by
62% and 18%, respectively, compared with those without a
diagnosis at the same age (Model 3).

After inclusion of complications in the models, the hazard
ratios approached unity between diabetes types, approximate-
ly to one-half of the unadjusted ratio. Complications were
observed to increase the hazard (Model 2), with eye-related
complications as an exception. Cardiovascular complications
demonstrated the largest effect, increasing the hazard nearly
80%, followed by kidney-related complications (Model 2).
Hazard ratios of the complications differed only slightly when
examined together with the overall grouping or the time-
dependent diabetes onsets (Models 2 and 4). Men had a slight-
ly higher hazard compared with women.

Productivity costs On average, type 1 diabetes was associated
with more lost working years and higher productivity costs
than type 2 diabetes (Table 3, ESM Table 4). Direct associa-
tion with productivity costs was observed for all complication
categories, with eye-related complications as an exception.
Out of the most common complication combinations, co-
existent cardiovascular and kidney complications were asso-
ciated with the highest mean lost working years and produc-
tivity costs in both diabetes types and regardless of sex
(Table 3).

Mean lost working years before age 65 were estimated for
people who had exited the labour force early in 1998–2011
(Table 4). The difference in mean lost working years between
the type 1 and type 2 diabetes groups was 6.0 years, in favour

Table 1 Characteristics of the
study population according to
diabetes type

Characteristic Type 1 diabetes n (%) Type 2 diabetes n (%)

N 45,756 299,931

Mean age at diabetes onset (mean ± SD) 29 ± 19 55 ± 11

Sex

Men 28,234 (61.7) 169,962 (56.7)

Women 17,522 (38.3) 129,969 (43.3)

People with complications 21,417 (46.8) 48,566 (16.2)

Kidney 4705 (10.3) 4830 (1.6)

Eye 15,083 (33.0) 10,858 (3.6)

Neuropathic 3269 (7.1) 4235 (1.4)

Musculoskeletal 3494 (7.6) 5324 (1.8)

Foot 2613 (5.7) 3245 (1.1)

Cardiovascular 7056 (15.4) 33,700 (11.2)

People according to the number of complications

0 24,339 (53.2) 251,365 (83.8)

1 12,269 (26.8) 38,398 (12.8)

2 5402 (11.8) 7597 (2.5)

3 or more 3746 (8.2) 2571 (0.9)

People with different endpoints

Censored 32,299 (70.6) 199,390 (66.5)

Pensions 9663 (21.1) 89,636 (29.9)

Death 3794 (8.3) 10,905 (3.6)

People with complications are presented as number of people with at least that specific complication
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of type 2 diabetes. Estimates were sensitive to assumption of
expected age of retirement. In the type 1 diabetes group, a
difference of 2.3 years (€35,895) was observed when compar-
ing the estimates resulting from different expected ages of
retirement (65 and 60 years). In the type 2 diabetes group,
the difference was 1.7 years (€28,494).

Among people with early exit, median annual income from
the last 5 years before early exit in type 1 and 2 diabetes
groups was €14,318 and €17,558, respectively. In the type 1
diabetes group, mean productivity costs were 1.4-fold
compared with the type 2 diabetes group (Table 4). Total
productivity costs of people with early exit were €2800
million and €14,400 billion for people with type 1 and type
2 diabetes, respectively. On average, women lost more work-
ing years thanmen in both diabetes groups, but the differences
were minor (type 1: 0.2 years, €38,087; type 2: 0.1 years,
€41,468).

Discussion

We examined differences in early exit from the labour force
between people with type 1 and 2 diabetes, assessed the role of
chronic diabetes complications in early exit and estimated the
economic burden of lost productivity due to early exits.

We demonstrated a marked difference in the risk of early
exit between people with type 1 and type 2 diabetes. The
pattern of early exit differed between diabetes type groups:
the difference was largest close to statutory retirement age.
Diabetes onset of both types resulted in a notable escalation
of hazard compared with those remaining without diagnosis at
the same age. The escalation was over threefold for type 1
diabetes compared with type 2 diabetes.

People with type 2 diabetes had higher risk of early
exit in early adulthood compared with those with type 1
diabetes. This is unexpected, since people with type 1
diabetes have typically managed with insulin dependency
longer and all investigated complications were more
common in the type 1 diabetes group also in early adult-
hood. A partial explanation could be that the analyses did
not adjust for depression, which is one of the leading
causes for disability pensions in Finland [23]. We focused
on long-term complications likely caused by diabetes and
on those that can be avoided by proper diabetes treatment
including support and education.

Overall, chronic diabetes complications were more
common in the type 1 diabetes group than in the type 2 diabe-
tes group in all age groups. Our results demonstrated a consis-
tent, increasing hazard of early exit from the labour force in
the diabetes cohort for each of the complication categories,
with eye-related complications as an exception. Adjustment

Table 2 Hazard ratios for diabe-
tes type, complications and sex,
for early exit from the labour
force

Risk factor HR (95% CI)

Model 1a Model 2b Model 3c Model 4d

Diabetes typee 0.72 (0.71, 0.74) 0.87 (0.85, 0.88)

Diabetes onset type 1f 1.62 (1.58, 1.65) 1.22 (1.19, 1.25)

Diabetes onset type 2g 1.18 (1.17, 1.20) 1.04 (1.02, 1.05)

Complicationsh

Kidney 1.71 (1.66, 1.77) 1.70 (1.64, 1.76)

Eye 1.01 (0.99, 1.04) 1.00 (0.97, 1.02)

Neuropathic 1.32 (1.27, 1.38) 1.32 (1.27, 1.37)

Musculoskeletal 1.32 (1.27, 1.37) 1.30 (1.25, 1.35)

Foot 1.28 (1.22, 1.33) 1.28 (1.22, 1.33)

Cardiovascular 1.79 (1.76, 1.83) 1.76 (1.73, 1.80)

Sexi 1.02 (1.01, 1.03) 1.02 (1.01, 1.03)

a Diabetes type as an overall grouping factor, unadjusted
b Relative difference in hazard between diabetes types, adjusted
c Diabetes onsets as time-dependent factors, unadjusted
dAssociation of type 1 and type 2 time-dependent diabetes onsets with hazard, adjusted
e Reference: type 1
f Reference: no type 1 diabetes, time-dependent
g Reference: no type 2 diabetes, time-dependent
h Reference: no particular complication
i Reference: women
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for complications partially reduced the association of diabetes
type (and onset of diabetes) with early exit.

A discrepancy exists in whether or not reported productiv-
ity losses are actually attributable to diabetes itself or to its
complications. Ervasti et al. demonstrated the association of
diabetes complications, age, sex and education with risk of
work disability [14]. Rodríguez-Sánchez and Cantarero-
Prieto suggested that the negative effect of diabetes on unem-
ployment and lower income is largely mediated by various
factors, including a person’s age and sex, complications and
lifestyle factors [13]. However, two Finnish studies have
found that early exit from the labour force among people with
diabetes differs only slightly from the Finnish population [24,
25]. These studies did not distinguish between diabetes types
or assess the role of complications. Our study associated
productivity losses primarily with diabetes complications but
also pointed out the notable association of diabetes onset with

early exit in both diabetes type groups. Per person mean
productivity costs were nearly twofold in the type 1 diabetes
group compared with the type 2 diabetes group among all
people at working age with diabetes. Each one of the compli-
cation categories was associated with an increase in produc-
tivity costs. An increase in the number of complications was
associated with an increase in productivity costs.

Among those with early exit, people with type 1 diabetes
exited the labour force earlier than people with type 2. This
resulted in higher mean lost working years and productivity
costs compared with people with type 2 diabetes. Mean lost
working years among people with type 1 diabetes were
substantial, as they covered approximately 30% of the work-
ing age.

Median annual income among people with early exit was
substantially lower compared with median annual income
among the working population in Finland in 2011 (€33,288)

Table 3 Mean lost working years
and productivity costs among
people with the ten most typical
complication combinations (in
descending order)

Complication status n Lost working years

(mean)

Productivity costs

(mean)

Type 1 Type 2 Type 1 Type 2 Type 1 Type 2

Overall 45,756 299,933 3.9 2.1 56,877 37,161

Men

No complications 15,449 137,377 3.6 2.0 53,486 40,050

Cardiovascular 1551 17,877 4.2 2.7 67,586 54,150

Eye 4289 3391 3.4 1.9 53,958 40,522

Musculoskeletal 336 1278 4.1 2.5 71,620 58,184

Cardiovascular & eye 801 1528 4.1 2.6 68,059 54,623

Kidney 484 1202 5.6 4.0 82,334 68,898

Neuropathic 497 1166 4.9 3.4 75,994 62,558

Cardiovascular & kidney 227 953 6.2 4.7 96,434 82,998

Eye & kidney 706 256 5.4 3.9 82,806 69,370

Eye & musculoskeletal 359 131 3.9 2.4 72,092 58,656

Cardiovascular & neuropathic 137 689 5.5 4.0 90,094 76,658

Women

No complications 8890 113,988 3.2 1.7 36,347 22,911

Cardiovascular 708 7598 3.9 2.3 50,447 37,011

Eye 3199 2277 3.1 1.6 36,819 23,383

Musculoskeletal 471 1919 3.7 2.2 54,480 41,044

Cardiovascular & eye 497 730 3.7 2.2 50,919 37,483

Kidney 290 543 5.2 3.7 65,195 51,758

Neuropathic 200 458 4.5 3.0 58,855 45,419

Cardiovascular & kidney 97 291 5.9 4.3 79,295 65,859

Eye & kidney 490 110 5.1 3.6 65,667 52,231

Eye & musculoskeletal 585 149 3.6 2.1 54,953 41,517

Cardiovascular & neuropathic 43 197 5.2 3.7 72,955 59,519

Means were estimated by the linear regression model

Lengths of CIs (not shown) ranged from 0.05 to 0.32 and from 992 to 6709 for lost working years and productivity
costs, respectively
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[26]. The difference cannot be explained by different methods
of calculation alone. People with diabetes tend to have longer
unemployment periods and lower income compared with
people without diabetes [13]. Diabetes is already associated
with work loss before onset of the disease and especially after
the onset [14]. A major strength of our estimate of the produc-
tivity cost is that it captures individual variability in
productivity.

Despite lower mean lost working years among people with
type 2 diabetes, the total productivity losses were substantially
higher due to its higher prevalence. When the estimated
productivity costs were distributed evenly in the study time
period, the incidence of early exits between 1998 and 2011
resulted in an annual cost of approximately €1200 million,
which constituted as much as 0.5% of the gross domestic
product (GDP) in Finland in 2011 [27]. At the same time,
diabetes-related productivity costs, including all early exits
and reimbursed absences, were estimated to be threefold
compared with diabetes-related healthcare costs (€2552
million vs €832 million) [28]. Estimates of productivity costs
were sensitive to assumptions of ages of retirement but
remained substantial in all analyses.

Sex was introduced in the analyses as a confounder, but it
had only a minor role in the risk of early exit. However,
among early exits, women had on average lower productivity
costs even though the lost working years were not found to be
markedly different. This is possibly due to lower average
income among women.

Amajor strength of the study is that it captures all people of
working age with diabetes during 1998–2011 in Finland.
Thus, selection bias was minimised and estimates were highly
generalisable on a national level. Furthermore, data were

based on high-quality registers [29] with high volume and a
long follow-up period, which enabled reliable estimation of
onsets of complications and labour market outcomes. Studies
with longitudinal designs are scarce [14, 24, 30, 31].We could
estimate the development of risk of early exit at different
stages of working life and demonstrate differences in early
exit patterns among diabetes type groups.

It was not possible to account for depression and social
deprivation, which is a limitation of the study. Both impact
health behaviour, treatment adherence and outcomes, and
working ability, and are important to account for in clinical
practice [32, 33]. Furthermore, our study did not consider sick
leave and reductions in on-the-job productivity and therefore
represents only part of the total productivity costs. According
to Jarvala et al, sick leave (over 9 days) contributed 4% of total
productivity costs of people with diabetes in Finland in 2007
[34]. Reductions in on-the-job productivity can be relatively
large prior to actual absences from work among people with
type 2 diabetes [35].

Our study clearly demonstrates the differences between
people with type 1 and type 2 diabetes and the notable role
of diabetes complications in early exit from the labour force.
As diabetes is a major public health issue in Finland and glob-
ally [1, 4], its effect on individual well-being and the economy
is substantial. Although type 1 diabetes results in relatively
more early exits, the majority of economic loss is brought
about by type 2 diabetes due to its higher prevalence. As the
increase in the prevalence of diabetes is predicted to continue
in the future [1], active and comprehensive management of
diabetes as well as cardiovascular risk factors to prevent
complications is important, not only to decrease the disease
burden of individuals and families with diabetes, but also to

Table 4 Lost working years (mean ± SD) and productivity costs (mean ± SD in 2011 in euros) among people that exited the labour force early in 1998–2011

n Lost working years
(mean ± SD)

Productivity costs
(mean ± SD)

Type 1 Type 2 Type 1 Type 2 Type 1 Type 2

Scenario 1a

Overall 13,457 100,541 14.0 ± 10.3 8.0 ± 6.7 206,568 ± 215,432 143,689 ± 163,680

Sex

Men 8898 (66.1) 59,728 (59.4) 13.9 ± 10.0 8.0 ± 6.5 219,470 ± 233,440 160,522 ± 185,508

Women 4559 (33.9) 40,813 (40.6) 14.1 ± 10.9 8.1 ± 7.0 181,383 ± 169,704 119,054 ± 120,893

Scenario 2b

Overall 10,847 61,779 11.7 ± 9.7 6.3 ± 6.8 170,673 ± 185,500 115,195 ± 137,782

Sex

Men 7215 (66.5) 36,952 (59.8) 11.5 ± 9.4 6.2 ± 6.5 178,021 ± 200,536 125,632 ± 152,131

Women 3632 (33.5) 24,827 (40.2) 12.1 ± 10.3 6.5 ± 7.2 156,073 ± 150,214 99,661 ± 111,309

Data for men and women with type 1 and type 2 diabetes are given as n (%)
a Scenario 1: expected age of retirement 65
b Scenario 2: expected age of retirement 60
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reduce economic burden related to the early exits. Decision
makers should be aware of potential cost savings, not only in
healthcare but also as avoided productivity losses.

Reduction in productivity losses could be achieved by
intensive diabetes care and secondary prevention. Adults with
diabetes in Finland have mainly been treated and followed up
by primary healthcare teams. Finnish social care and
healthcare will be reorganised in the near future [36], and it
is crucial to ensure adequate secondary prevention services
and education programmes for people with diabetes. Recent
developments in both diabetes technology and medications as
well as a chronic caremodel with patient-centred collaborative
care are welcomed. A Finnish healthcare register, including
primary and secondary diabetes care, is under development.
The knowledge base will include the quality, effectiveness
and cost of public healthcare and will enable further investi-
gations of factors behind productivity losses and the cost-
effectiveness of means to avoid them.

Our study points out interesting topics for future research.
The roles of depression and major psychiatric disorders as
diabetes comorbidities in early exit from the labour force
should be examined. Social deprivation as a major driver of
early onset of type 2 diabetes and complications should be
addressed. Quantification of absent cost components (short-
term and long-term sick leave, and loss of on-the-job produc-
tivity) could bring about a deeper understanding of the nature
of rising productivity costs and could better guide the
targeting of interventions. Future interventions should also
be assessed by their effects on productivity.

Supplementary Information The online version of this article (https://doi.
org/10.1007/s00125-020-05363-6) contains peer-reviewed but unedited
supplementary material.

Acknowledgements The authors wish to acknowledge R. Sund from the
University of Eastern Finland and M. Arffman from the Finnish Institute
for Health and Welfare for their contribution to the collection of the
dataset.

Data availability The data used in this study are available from the
Finnish Institute for Health and Welfare, but restrictions apply to the
availability of these data. Data are, however, available from the authors
upon reasonable request and with permission from the Finnish Institute
for Health and Welfare.

Funding This research received no specific grant from any funding agen-
cy in the public, commercial or non-profit sectors. The Finnish Diabetes
Association provided financial support for collection of the data for the
FinDM database.

Authors’ relationships and activities The authors declare that there are
no relationships or activities that might bias, or be perceived to bias, their
work.

Contribution statement OK contributed to the literature search, data
analyses and interpretation, and wrote the manuscript. LF contributed to
the analyses and interpretation and reviewed the manuscript. PI-P contrib-
uted to the analyses and interpretation and reviewed the manuscript. JN

contributed to the literature search, data analyses and interpretation, and
reviewed the manuscript. PR contributed to the interpretation of analyses
and reviewed the manuscript. All the authors approved the version to be
published. OK is responsible for the integrity of the work as a whole.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. International Diabetes Federation (2019) IDF Diabetes Atlas 9th
edition. https://www.diabetesatlas.org/en/

2. Harjutsalo V, Sund R, KnipM, Groop P (2013) Incidence of type 1
diabetes in Finland. JAMA 310:427–428. https://doi.org/10.1001/
jama.2013.8399

3. Sund R, Koski S (2009) FinDM II. On the register-based measure-
ment of the prevalence and incidence of diabetes and its long-term
complications. Available from https://www.diabetes.fi/en/finnish_
diabetes_association/dehko/publications. Accessed 28 Aug 2020

4. Koponen P, Borodulin K, Lundqvist A, Sääksjärvi K, Koskinen S
(2018) Terveys, toimintakyky ja hyvinvointi Suomessa:
FinTerveys 2017-tutkimus. Available from https://www.julkari.fi/
handle/10024/136223. Accessed 28 Aug 2020 [report in Finnish]

5. Li R, Zhang P, Barker LE, Chowdhury FM, Zhang X (2010) Cost-
effectiveness of interventions to prevent and control diabetes
mellitus: A systematic review. Diabetes Care 33:1872–1894.
https://doi.org/10.2337/dc10-0843

6. Ng CS, Lee JY, Toh MP, Ko Y (2014) Cost-of-illness studies of
diabetes mellitus: A systematic review. Diabetes Res Clin Pract
105:151–163. https://doi.org/10.1016/j.diabres.2014.03.020

7. Pedron S, Emmert-Fees K, Laxy M, Schwettmann L (2019) The
impact of diabetes on labour market participation: A systematic
review of results and methods. BMC Public Health 19:25

8. Harding JL, PavkovME,MaglianoDJ, Shaw JE, Gregg EW (2019)
Global trends in diabetes complications: A review of current
evidence. Diabetologia 62:3–16. https://doi.org/10.1007/s00125-
018-4711-2

9. Forssas E, Arffman M, Manderbacka K, Keskimäki I, Ruuth I,
Sund R (2016) Multiple complications among people with diabetes
from Finland: An 18-year follow-up in 1994–2011. BMJ Open
Diabetes Res Care 4:e000254. https://doi.org/10.1136/bmjdrc-
2016-000254

10. Norlund A, Apelqvist J, Bitzén P, Nyberg P, Scherstén B (2001)
Cost of illness of adult diabetes mellitus underestimated if comor-
bidity is not considered. J InternMed 250:57–65. https://doi.org/10.
1046/j.1365-2796.2001.00852.x

11. O'Brien JA, Patrick AR, Caro JJ (2003) Cost of managing compli-
cations resulting from type 2 diabetes mellitus in Canada. BMC
Health Serv Res 3:7

803Diabetologia (2021) 64:795–804

https://www.diabetesatlas.org/en/
https://www.diabetesatlas.org/en/
https://doi.org/
https://www.diabetesatlas.org/en/
https://doi.org/10.1001/jama.2013.8399
https://doi.org/10.1001/jama.2013.8399
https://www.diabetes.fi/en/finnish_diabetes_association/dehko/publications
https://www.diabetes.fi/en/finnish_diabetes_association/dehko/publications
https://www.julkari.fi/handle/10024/136223
https://www.julkari.fi/handle/10024/136223
https://doi.org/10.2337/dc10-0843
https://doi.org/10.1016/j.diabres.2014.03.020
https://doi.org/10.1007/s00125-018-4711-2
https://doi.org/10.1007/s00125-018-4711-2
https://doi.org/10.1136/bmjdrc-2016-000254
https://doi.org/10.1136/bmjdrc-2016-000254
https://doi.org/10.1046/j.1365-2796.2001.00852.x
https://doi.org/10.1046/j.1365-2796.2001.00852.x


12. Williams R, Van Gaal L, Lucioni C (2002) Assessing the impact of
complications on the costs of type II diabetes. Diabetologia
45(Suppl 1):S13–S17. https://doi.org/10.1007/s00125-002-0859-9

13. Rodríguez-Sánchez B, Cantarero-Prieto D (2017) Performance of
people with diabetes in the labor market: An empirical approach
controlling for complications. Econ Hum Biol 27:102–113. https://
doi.org/10.1016/j.ehb.2017.05.005

14. Ervasti J, Virtanen M, Pentti J et al (2015) Work disability before
and after diabetes diagnosis: A nationwide population-based regis-
ter study in Sweden. Am J Public Health 105:e22–e29. https://doi.
org/10.2105/AJPH.2015.302646

15. McMahon BT, West SL, Mansouri M, Belongia L (2005)
Workplace discrimination and diabetes: The EEOC Americans
with Disabilities Act research project. Work 25:9–18

16. Breton M, Guénette L, Amiche MA, Kayibanda J, Grégoire J,
Moisan J (2013) Burden of diabetes on the ability to work: A
systematic review. Diabetes Care 36:740–749. https://doi.org/10.
2337/dc12-0354

17. SculpherMJ (2001) The role and estimation of productivity costs in
economic evaluation. In: Drummond MF, McGuire A (eds)
Economic evaluation in health care: Merging theory with practice.
Oxford University Press, Oxford, pp 94–112

18. Digital and Population Data Services Agency (2020) Personal iden-
tity code. Available from https://dvv.fi/en/personal-identity-code.
Accessed 28 Aug 2020

19. Finnish Institute for Health andWelfare (2016) Diabetes in Finland
(FinDM). Available from https://thl.fi/en/web/thlfi-en/research-
and-expertwork/projects-and-programmes/diabetes-in-finland-
findm. Accessed 28 Aug 2020

20. Mezuk B, Eaton WW, Albrecht S, Golden SH (2008) Depression
and type 2 diabetes over the lifespan: A meta-analysis. Diabetes
Care 31:2383–2390. https://doi.org/10.2337/dc08-0985

21. Finnish Center for Pensions (2019) Effective retirement age.
Available from https://tilastot.etk.fi/pxweb/en/ETK/ETK__
130elakkeellesiirtymisika/?tablelist=true&rxid=020ec00b-9036-
4a9c-baf9-86788a35b943. Accessed 28 Aug 2020

22. R Core Team (2013) R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna,
Austria

23. Pirkola S, Nevalainen J, Laaksonen M et al (2020) The importance
of clinical and labour market histories in psychiatric disability
retirement: Analysis of the comprehensive Finnish national-level
RETIRE data. Soc Psychiatry Psychiatr Epidemiol 55:1011–1020

24. von Bonsdorff M, von Bonsdorff M, HaanpääM et al (2018)Work-
loss years among people diagnosed with diabetes: A reappraisal
from a life course perspective. Acta Diabetol 55:485–491. https://
doi.org/10.1007/s00592-018-1119-x

25. Hakkarainen P, Sund R, Arffman M et al (2017) Working people
with type 1 diabetes in the Finnish population. BMC Public Health
17:1–11

26. Statistics Finland structure of earnings. Available from http://
pxnet2.stat.fi/PXWeb/pxweb/en/StatFin/. Accessed 28 Aug 2020

27. Statistics Finland National Accounts. Available from https://www.
tilastokeskus.fi/tup/suoluk/suoluk_kansantalous_en.html.
Accessed 18 Aug 2020

28. Koski S, Ilanne-Parikka P, Kurkela O, Jarvala T, Rissanen P (2018)
Diabeteksen kustannukset: Lisäsairauksien ilmaantumisen
puolittaminen toisi satojen miljoonien säästöt vuodessa. Diabetes
ja lääkäri: 13–17 [report in Finnish]

29. Sund R (2012) Quality of the Finnish hospital discharge register: A
systematic review. Scand J Public Health 40:505–515. https://doi.
org/10.1177/1403494812456637

30. Tunceli K, Bradley CJ, Nerenz D, Williams LK, Pladevall M,
Lafata JE (2005) The impact of diabetes on employment and work
productivity. Diabetes Care 28:2662–2667. https://doi.org/10.
2337/diacare.28.11.2662

31. Herquelot E, GuéguenA, Bonenfant S, Dray-Spira R (2011) Impact
of diabetes on work cessation: Data from the GAZEL cohort study.
Diabetes Care 34:1344–1349. https://doi.org/10.2337/dc10-2225

32. Semenkovich K, Brown ME, Svrakic DM, Lustman PJ (2015)
Depression in type 2 diabetes mellitus: Prevalence, impact, and
treatment. Drugs 75:577–587. https://doi.org/10.1007/s40265-
015-0347-4

33. Maier W, Holle R, Hunger M et al (2013) The impact of regional
deprivation and individual socio-economic status on the prevalence
of type 2 diabetes in Germany. A pooled analysis of five
population-based studies. Diabet Med 30:e78–e86. https://doi.org/
10.1111/dme.12062

34. Jarvala T, Raitanen J, Rissanen P (2010) Diabeteksen kustannukset
Suomessa 1998–2007. Tampere: Diabetesliitto ja Tampereen
yliopisto. Available from https://www.diabetes.fi/files/1266/
Kustannusraportti.pdf. Accessed 28 Aug 2020 [report in Finnish]

35. Lavigne JE, Phelps CE,Mushlin A, LednarWM (2003) Reductions
in individual work productivity associated with type 2 diabetes
mellitus. Pharmacoeconomics 21:1123–1134. https://doi.org/10.
2165/00019053-200321150-00006

36. Finnish Institute for Health and Welfare Social welfare and health
care reform. Available from https://thl.fi/en/web/social-welfare-
and-health-care-reform. Accessed 28 Aug 2020

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

804 Diabetologia (2021) 64:795–804

https://doi.org/10.1016/j.ehb.2017.05.005
https://doi.org/10.1016/j.ehb.2017.05.005
https://doi.org/10.2105/AJPH.2015.302646
https://doi.org/10.2105/AJPH.2015.302646
https://doi.org/10.2337/dc12-0354
https://doi.org/10.2337/dc12-0354
https://dvv.fi/en/personal-identity-code
https://thl.fi/en/web/thlfi-en/research-and-expertwork/projects-and-programmes/diabetes-in-finland-findm
https://thl.fi/en/web/thlfi-en/research-and-expertwork/projects-and-programmes/diabetes-in-finland-findm
https://thl.fi/en/web/thlfi-en/research-and-expertwork/projects-and-programmes/diabetes-in-finland-findm
https://doi.org/10.2337/dc08-0985
https://tilastot.etk.fi/pxweb/en/ETK/ETK__130elakkeellesiirtymisika/?tablelist=true&rxid=020ec00b-9036-4a9c-baf9-86788a35b943
https://tilastot.etk.fi/pxweb/en/ETK/ETK__130elakkeellesiirtymisika/?tablelist=true&rxid=020ec00b-9036-4a9c-baf9-86788a35b943
https://tilastot.etk.fi/pxweb/en/ETK/ETK__130elakkeellesiirtymisika/?tablelist=true&rxid=020ec00b-9036-4a9c-baf9-86788a35b943
https://doi.org/10.1007/s00592-018-1119-x
https://doi.org/10.1007/s00592-018-1119-x
http://pxnet2.stat.fi/PXWeb/pxweb/en/StatFin/
http://pxnet2.stat.fi/PXWeb/pxweb/en/StatFin/
https://www.tilastokeskus.fi/tup/suoluk/suoluk_kansantalous_en.html
https://www.tilastokeskus.fi/tup/suoluk/suoluk_kansantalous_en.html
https://doi.org/10.1177/1403494812456637
https://doi.org/10.1177/1403494812456637
https://doi.org/10.2337/diacare.28.11.2662
https://doi.org/10.2337/diacare.28.11.2662
https://doi.org/10.2337/dc10-2225
https://doi.org/10.1007/s40265-015-0347-4
https://doi.org/10.1007/s40265-015-0347-4
https://doi.org/10.1111/dme.12062
https://doi.org/10.1111/dme.12062
https://www.diabetes.fi/files/1266/Kustannusraportti.pdf
https://www.diabetes.fi/files/1266/Kustannusraportti.pdf
https://doi.org/10.2165/00019053-200321150-00006
https://doi.org/10.2165/00019053-200321150-00006
https://thl.fi/en/web/social-welfare-and-health-care-reform
https://thl.fi/en/web/social-welfare-and-health-care-reform

	This link is 10.1007/s00125-0859-,",
	Association...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Results
	Discussion
	References


