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Abstract

Background

Disability benefits and sick leave benefits represents huge costs in western countries. The

pathways and prognostic factors for receiving these benefits seen in recent years are com-

plex and manifold. We postulate that mental health and IQ, both alone and concurrent, influ-

ence subsequent employment status, disability benefits and mortality.

Methods

A cohort of 918 888 Norwegian men was followed for 16 years from the age of 20 to 55. Risk

for health benefits, emigration, and mortality were studied. Indicators of mental health and

IQ at military enrolment were used as potential risk factors. Multi-state models were used to

analyze transitions between employment, sick leave, time limited benefits, disability bene-

fits, emigration, and mortality.

Results

During follow up, there were a total of 3 908 397 transitions between employment and differ-

ent health benefits, plus 12 607 deaths. Men with low IQ (below 85), without any mental

health problems at military enrolment, had an increased probability of receiving disability

benefits before the age of 35 (HRR = 4.06, 95% CI: 3.88–4.26) compared to men with aver-

age IQ (85 to 115) and no mental health problems. For men with both low IQ and mental

health problems, there was an excessive probability of receiving disability benefits before

the age of 35 (HRR = 14.37, 95% CI: 13.59–15.19), as well as an increased probability for

time limited benefits and death before the age of 35 compared to men with average IQ (85

to 115) and no mental health problems.

Conclusion

Low IQ and mental health problems are strong predictors of future disability benefits and

early mortality for young men.
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Introduction

Disability and long-term sick leave benefits are major economic burdens in many western

countries[1], and the increase in disability benefits has been attributed to mental health prob-

lems[2–4]. Mental health problems in early life have been found to increase the risk of long

term sick leave[5] and disability benefits later in life[6–9]. Additionally, sick leave, unemploy-

ment, and rehabilitation benefits themselves are risk factors for later permanent disability ben-

efits and mortality[10–12].

Besides the personal and societal economic consequences of being on the outside of the labour

market, there are negative health consequences for the individual[13, 14]. Those excluded from

the labour market have both higher mortality and morbidity[13].

Elucidating the lifetime course of employment, sick leave, medical rehabilitation, vocational

rehabilitation, disability benefits, emigration, and early death is the goal in this study. Explor-

ing trajectories of employment and benefits for men with mental health and IQ challenges,

may elicit important knowledge for authorities when dealing with demographic transitions,

since a high employment rate is crucial for maintaining the welfare system. IQ is a known fac-

tor for adverse outcomes[15, 16]. However, studies on IQ in conjunction with mental health

problems are lacking. The aim of the study was to investigate if men’s mental health and IQ at

the age of 18 to 20 years predicted subsequent employment, health benefits, and early mortality

between 20 and 55 years of age.

Material and methods

This study included 918 888 Norwegian men born between 1950 and 1980. As part of the selec-

tion of personnel to the Norwegian military service, all meet one day before a draft board and

a military physician for assessments of physical and mental health.

Norway has compulsory military service for men between the ages of 19 and 44. In October

2014, Norway extended compulsory military service to women. Data on women are not included

here. Before military service all young men are obliged to meet before a draft board for a military

physician to assess their medical and psychological suitability, including general ability, for mili-

tary service. Young men with severe mental disorders or with intellectual disabilities would not

be included in the cohort as they would be too disabled to be considered for military duty. More

than 95% of the men being evaluated are between the age of 18 and 20 years. For the general

evaluation of being fit for military service, several parameters are considered. For the physical

parameters, the grading ranges from 1 to 9 (Table 1). A value of 9 means no impairment, for per-

forming military service. Two or more scores below 4 will in general classify the individual as

unfit for military service. Particular qualifications (e.g. language or driving licenses) or weak-

nesses (e.g. drug abuse) may alter the evaluation of fit or not. Due to a different grading system

before 1980, mental health data, and the physical parameters, before this time is missing.

Mental health assessment

The examining physician assessed mental health on a scale from 1 to 9 (Table 1). A score of 9

indicates that the physician discovered no mental health problems. A score of 9, implying no

impairment, was used if no factors were revealed that could negatively affect the conscript’s

ability to learn and perform military routines and operations. If a mental health problem was

discovered, a score of less than 9 was applied, while a score of 8 was not applied. Conscripts

were scored based on the severity of the mental health problem with regards to the ability to

perform military service. Specific personality disorders (ICD-10, F60) would for instance result

in a score of 6–7 if the evaluating doctor considered the condition to be minor, while a score of

1 was used if a mental health problem or disorder with a significant degree of disability were
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detected. A score of 6 would normally result in discharge from military service. The score 8

was not applicable for the mental health scoring[17]. See Fadum et al. for a more an elaborate

description of the mental health assessment and procedure [18]. For the discussion of mental

health in this article it is crucial to consider that this is not based on a verified mental condi-

tion, but merely mental problems determined with the purpose of performing military service.

General ability level (IQ)

The general ability level was based on an IQ test and was scored on a scale from 1 to 9, using

“STANINE” (STAndard NINE). The men were tested for arithmetic, figures, and word simi-

larities on a written test[19]. The STANINE scores, with a mean of 5 and standard deviation of

2, can be transformed into IQ equivalents with a mean of 100 and standard deviation of 15

[20]. If no IQ-test was taken, or the test was overridden, grades A (assumed above average), B

(assumed average), or C (assumed below average) were set. Scores 1 and 2, and grade C were

considered low IQ (low general ability level), corresponding to an IQ of 85 or lower. Scores 3

to 7, and grade B, corresponds to an IQ between 85 and 115, and were considered average IQ.

High IQ, above 115, was defined as scores 8 and 9, and grade A (Table 2).

Table 1. Number of individuals scored on health related variables at military enrolment (N = 918 888).

1&2a 3 4 5 6 7 9 Missing

Variables n n n n n n n N

Mental health 6660 6998 2755 2804 5102 9561 576414 308594

Physical health 10104 10300 7630 11060 20638 33839 516700 308617

Arm 1009 6450 1069 1732 2888 4587 591358 309795

Hand 1082 6397 1136 1712 3065 4860 590846 309790

Walking 2335 7279 2702 5447 12383 27247 551814 309681

Back 2127 6940 2486 4583 13574 26440 553037 309701

Skin 1273 6427 2095 3130 6332 12671 577164 309796

a: The categories 1 & 2 were merged since category 2 only had few (<5) number of observations for all variables.

A value of 9 means no impairment, while value 8 was not used. A low score means that the impairment is serious with regards to perform military service.

https://doi.org/10.1371/journal.pone.0180737.t001

Table 2. Distribution of IQ Scores. If an IQ-test was taken, the Stanine score were present. Five is considered mean IQ, while 9 is the highest IQ. If no IQ

test was taken the scores A, B and C were used. The two different IQ measures were merged into 1 combined score.

IQ test taken No IQ test taken Combined score

Stanine

Score

N Percent Score N Percent Score N Percent

1 15 709 1,9% C (assumed below average) 3 769 14,9% Assumed below averagea 57 092 6,6%

2 37 614 4,5% B (assumed average) 20 318 80,6% Assumed averageb 691 580 80,1%

3 75 441 9,0% A (assumed above average) 1 124 4,5% Assumed above averagec 114 697 13,3%

4 134 404 16,0%

5 172 954 20,6%

6 163 404 19,5%

7 125 059 14,9%

8 75 018 9,0%

9 38 555 4,6% Missing 80 730

Total 838 158 Total 25 211 Total 918 888

a 1, 2, and C

b 3, 4, 5, 6, 7, and B

c 8, 9, and A

https://doi.org/10.1371/journal.pone.0180737.t002
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Early mortality, emigration, sick leave, and disability benefits

The Norwegian public insurance system covers all Norwegian citizens and provides health ser-

vice benefits and pensions, administered by the Norwegian Welfare and Labour Administra-

tion (NAV). Sick leave compensation provides 100% coverage for lost income from day one

up to 52 weeks. After that, long-term benefits (vocational rehabilitation, medical rehabilitation

and, finally, disability benefits) provide approximately 66% of the former income. Norway has

a targeted disability benefit granted to persons below 35 years of age, unable to support them-

selves because of serious mental or physical disability. This benefit has a higher payment for

the total life span than the minimum benefit these persons would otherwise have received.

The military conscription data was merged with national reimbursement data from the

Norwegian Welfare and Labour Administration, obtained from the database FD-Trygd

(http://www.ssb.no/a/fd-trygd/), using the unique Norwegian person identification. All sick

leave episodes, reimbursement data, emigration, and mortality were available for the years

between 1992 and 2008. Hence, each man contributes with different age spans, with a maxi-

mum of 16 years of follow-up. In Fig 1 and Fig 2, the states medical rehabilitation, vocational

rehabilitation, and time limited disability benefits were kept separate. For the estimation of

mean number of years and in the regression models these states were merged into time limited
benefits. Multiple episodes of the transient reimbursements (sick leave, time limited benefits,

and disability benefits), employment, and emigration are possible. Emigration was defined as

change from a domestic address to an address abroad. Transitions between states observed

with less than 10 events were removed from the analyses.

Employment was defined as time gaps where no benefit was registered, and does also

include men under education. In addition, some men could also be unemployed. Since unem-

ployment rates in Norway were low from 1992 to 2008 (from 1.7 to 5.4%, www.nav.no), we

consider our definition of employment to be sufficient for the current analyses.

Statistical methods

In order to examine the lifetime course of employment, sick leave, disability benefits, emigra-

tion, and mortality, a multi-state model was constructed [21–25] (Fig 1).

In the multi-state model the transitions (shifts) between the different states can be expressed

by hazard functions for all possible transitions (arrows). The definition of the hazard functions

within a multi-state framework is the hazard (intensity) for an individual to shift to state k

immediately after time t (t+dt), conditioned that the individual were in state j at time t.

hjkðtÞ ¼ lim
dt!0

PðXðtþ dtÞ ¼ kjXðt� Þ ¼ jÞ
dt

ð1Þ

Thus, our observation, X, is that an individual is at risk in state j at time t, and then shifts to

state k at time t+dt. The main objective of multi-state models is that the transitions between

the different states cannot be studied independent of each other. There are for instance several

paths from sick leave to work, either the direct path or via one or several of the other states,

and these transitions can happen repeatedly.

To maintain that individuals may proceed in multiple paths, we define the transitions

intensity matrix h(t). The non-diagonal elements (j6¼k) in h(t) is the hazard corresponding to

the given path from state j to state k, while the diagonal elements, hjj(t) in the matrix is minus

the row sum of the non-diagonal elements hjjðtÞ ¼ �
X

j6¼k

hjkðtÞ. Thus, the transition intensity

matrix can be interpreted as the instant risk to shift (or not) from one state to another. Estima-

tion of empirical cumulative transition intensities is often done using the non-parametric
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Nelson-Aalen estimator. Within multi-state models, the Nelson-Aalen estimator can be

defined as

bHjkðtÞ ¼
X

Ts�t

njkðTsÞ

YjðTsÞ
: ð2Þ

Fig 1. Illustration of the multi-state model with all observed states (boxes) and transitions (arrows). The state dead (8) is absorbing with no arrows

out.

https://doi.org/10.1371/journal.pone.0180737.g001
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The estimate for the variance of the Nelson-Aalen estimator is

bV arðHjkðtÞÞ ¼
X

Ts�t

njkðTsÞ

ðYjðTsÞÞ
2

ð3Þ

Fig 2. Estimated state probabilities for the states in Fig 1; (1) Employment, (2) Sick leave, (3) Vocational rehabilitation, (4) Medical rehabilitation, (5) Time

limited disability benefits, (6) Disability benefits, (7) Emigrated, and (8) Dead. A is for 806 277 men with average to high IQ. B is for 57 092 men with low IQ.

C is for 576 414 men without mental health problems. D is for 33 880 men with mental health problems. E is for 518 852 men without mental problems and

average to high IQ. F is for the 8 130 men with mental problems and a low IQ.

https://doi.org/10.1371/journal.pone.0180737.g002
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In this formula njk(t) is the number of shifts (events) from state j to state k at time t, while

Yj(t) is the number of observations (individuals) in state j at time (t). Thus, Yj(t) defines the

risk set for all who may have a transition from state j to state k at time t. T1<T2<. . . are the

sorted times of events for an observed transition from state j to state k. The transition intensity

estimates (Hjk(t)) forms the basis in the cumulated (integrated) transition intensity matrix H

(t), which now comprise all possible transitions in Fig 2.

Transition intensities can be of interest in itself, but gives no measure for being in the differ-

ent states. We therefore want to express the probability to observe an individual in state k at

time t2, conditioned that the individual was observed in state j at time t1.

Pjkðt1; t2Þ ¼ PðXðt2Þ ¼ kjXðt1Þ ¼ jÞ ð4Þ

This probability depends on where (in which states) the individual may have been in, and

the intensity/hazard to shift between these states, between time t1 and t2. The probabilities

Pjk(t1,t2) is set up in a transition probability matrix P(t1,t2). In the probability matrix, the sum

of all row elements is 1 (100%).

The transition probabilities, often estimated non-parametric using the Aalen-Johansen esti-

mator, are based on the transition intensities[26].

bPðt1; t2Þ ¼
Yt2

s¼t1

½Iþ DbHðsÞ� ð5Þ

This calculation of this product limit estimator assumes that the multi-state model is Mar-

kovian. This means that the probability to shift from one state to another at a time does not

depend on the history, e.g. the time the individual has been in the current state. If the multi-

state model is not Markovian additional states can be defined to define the non-Markovian

patterns, or alternative methods can be used [27, 28].

The transition probabilities P(t1,t2) may often be of particular interest, e.g. what is the prob-

ability to be in work at time t2, conditioned that the individual was on sick-leave at time t1.

However, the unconditional state occupation probabilities are often of more interest than the

transition probabilities.

QkðtÞ ¼ PðXðtÞ ¼ kÞ ð6Þ

The state occupation probabilities, which are the unconditional probability of being in a

state, are generally estimated as a weighted sum of the columns in the transition probability

matrix. The null distribution Qk(0) (the distribution of the k states at start of the follow-up) are

typically used for weighting (Wk).

bQkðtÞ ¼
XJ

j¼1

Wj �
bPjkð0; tÞ ð7Þ

For calculation of present state probabilities, we defined that all men at the age of 20 years

were in the state employment (which also will include education). This forces the state proba-

bilities to start at 100% for employment at 20 years of age. If the Markovian assumption is

wrong, the state occupation probabilities will still give reliable estimates, while the transition

probabilities are more susceptible to the violation of the assumption. This has been shown by

several authors[28, 29].
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Based on the state occupation probabilities, restricted mean times (Ek(t)) individuals spend

in a given state can be calculated, integrating the state occupation probabilities.

bEkðtÞ ¼
Z t

0

bQkðuÞdu ð8Þ

In analyses of sick leave data, numbers of sick leave days are often summed, before analyses

(e.g. using linear models) are performed. Summing of sick leave days will in the presence of

censoring lead to inaccurate estimation of mean number of sick leave days (and other mea-

sures). The calculation of the state expectancy, based on formula (7), account for this.

Inference (confidence intervals) for the different measures was calculated based on simula-

tions. For the simulations 1000 replications of the transition intensity matrix using the Nelson-

Aalen estimator, and its variance estimator, were applied. For the analyses of state occupation

probabilities a generalized estimation equations (GEE) model was set up using a discrete time

model for binary data with a complementary log-log link.

logð� logðQjiÞÞ ¼ aj þ b
T
� Zi; j ¼ 20; . . .; 58 ð9Þ

In this model indicators for each of the states for each year of observation were constructed.

A finer grid, e.g. 1 month, could be applied, but since the model is only intended to give overall

average effects of the covariates, and the size of data matrix would expand substantially by

doing this, one year indicator was considered sufficient. For the model we assume that each

year/time has a separate intercept ααj. The result from this model is presented as hazard ratios.

Since the measurements were balanced in time an autoregressive AR(1) correlation structure

was applied for the estimation in the GEE model. More elaborate discrete time models applied

to employment data has been discussed[30]. Alternatively to the discrete time approach,

pseudo data could have been generated and used in the GEE model[31, 32].

Since the last age to apply for the targeted disability pension at young age in Norway was 35

years, the effect before and after 35 years of age were studied in the regression models. In the

adjusted regression models, adjustment was done using the available physical variables. All

the physical variables were dichotomized as 9 or below, while BM was used as a continuous

variable.

The discrete time regression models were set up in the statistical package Stata (Stata-

Corp. 2015. Release 14. TX), while the remaining calculations were performed in “R” (https://

www.r-project.org/). P-values less than 0.05 were considered statistically significant.

Results

A total of 3 921 004 transitions between the different states during the observation period were

observed (Table 3). The mean number of transitions was 4.2, while the median number was 1

(quartile range: 0–6, range: 0–235). The highest state probability, except for employment, at

the age of 35, was observed for sick leave; 3.1% for the 806 277 men with average to high IQ

(Fig 2A), 3.4% for the 576 414 men without mental health problems (Fig 2C), and 3.3% for the

518 852 men with average to high IQ with no mental health problem (Fig 2E).

For the 57 092 men with low IQ (Fig 2B), the 33 880 men with mental health problems (Fig

2D), and the 8 130 men having both low IQ and mental health problems (Fig 2F), the highest

state probabilities, except for employment, at the age of 35 was for disability benefits (7.8%,

12.6%, and 18.9% respectively).

On average, men can expect to spend 22.9 years at employment in the 25-year period

between the age of 20 and 45 (Table 4). For men with an average to high IQ, men without

IQ and mental health predicts work disability and early mortality
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mental health problems, and men with an average to high IQ and no mental health problem,

there was a higher expected period in employment (23.2, 23.1, and 23.3 respectively). For men

with low IQ, men with mental health problems, and men having both low IQ and mental

health problems, the mean duration of employment was less (20.6, 19.6, and 18.1 respectively).

The three latter groups also had a lower duration of emigration, but longer duration of sick

leave, time limited benefits, disability benefits, and lower average number of years since death

(Table 4).

The hazard rate ratios (HRR) show the synergetic effect between IQ and mental health for

the different outcomes (Table 5). Unadjusted HRR showed an increased risk for disability ben-

efits for men with both mental health problems and low IQ compared to men with average IQ

and no mental health problems both before the age of 35 years (HRR = 14.37, 95% CI [13.59-

15.19]), and after 35 years of age (HRR = 16.12, 95% CI [15.27-17.01]). For the other outcomes

Table 3. The number of transitions for 918 888 males.

To:

From: Employmenta Sick leave Vocational

rehabilitation

Medical

rehabilitation

Time limited

disability

pension

Disability

pension

Emigrated Dead (8) Alive and

at riskb

Employmenta (1) 0 1 657 895 45 865 48 607 3 736 20 314 28 421 10 860 729 891

Sick leave (2) 1 595 592 133 909 53 398 48 325 559 3 309 454 726 105 714

Vocational rehabilitation (3) 101 605 983 2 009 962 3 816 9 351 175 85 288

Medical rehabilitation (4) 82 070 130 0 14 381 1 320 5 164 93 81 10 566

Time limited disability benefits

(5)

1 153 68 148 84 0 7 930 7 23 191

Disability benefits (6) 7 729 307 75 26 37 0 1 404 819 45 265

Emigrated (7) 26 487 317 32 51 0 46 53 13 5

Total 1 814 636 1 793 609 101 527 112 436 9 468 46 114 30 607 12 607 891 920

a Employment was defined as not being in either of the other states

b At maximum age of follow-up in 2008

https://doi.org/10.1371/journal.pone.0180737.t003

Table 4. Estimated mean number of years in the different states between 20 and 45 years of age (with 99% confidence intervals).

Employment* Sick leave Time limitedbenefits Disabilitypension Emigrated Dead

All 22.866 0.734 0.468 0.522 0.150 0.261

(22.865–22.867) (0.734–0.734) (0.468–0.468) (0.522–0.523) (0.150–0.150) (0.260–0.262)

Average IQ 23.206 0.686 0.401 0.315 0.155 0.237

or above (23.205–23.206) (0.686–0.686) (0.401–0.401) (0.315–0.316) (0.155–0.155) (0.237–0.238)

Low IQ 20.604 1.276 0.958 1.649 0.068 0.445

(20.597–20.614) (1.275–1.276) (0.956–0.959) (1.642–1.657) (0.068–0.069) (0.436–0.450)

No mental 23.057 0.801 0.399 0.354 0.148 0.241

health problems (23.056–23.058) (0.801–0.801) (0.399–0.399) (0.354–0.355) (0.147–0.148) (0.241–0.242)

Mental health 19.634 1.061 1.163 2.494 0.113 0.536

Problems (19.600–19.637) (1.059–1.061) (1.161–1.168) (2.487–2.521) (0.111–0.115) (0.526–0.554)

Average to high IQ with 23.266 0.749 0.351 0.260 0.151 0.224

no mental health problems (23.265–23.266) (0.749–0.749) (0.351–0.351) (0.259–0.261) (0.151–0.151) (0.224–0.225)

Low IQ and mental 18.085 1.186 1.422 3.732 0.068 0.507

health problems (18.017–18.119) (1.182–1.189) (1.412–1.427) (3.683–3.775) (0.066–0.081) (0.479–0.565)

* Employment was defined as not being registered in any other state

https://doi.org/10.1371/journal.pone.0180737.t004
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(sick leave, time limited benefits, emigration, and death), low IQ and mental health problems

had a statistical significant negative impact (Table 5).

Adjusting for the available physical health related parameters had a minor impact on the

risk estimates for the outcomes (Table 6).

Discussion

Young men with average to high IQ without any mental health problems at military enrolment

had a high probability of employment between the ages of 20 to 55. These men also had an

increased chance of emigration and a low risk of disability benefits. Men with lower than

Table 5. Unadjusted hazard rate ratios based on discrete time models (generalized estimation equations–GEE), showing the risk ratios with rela-

tion to mental health and IQ at military enrolment. Men with average IQ and no mental health problems are the reference group in all comparisons. There

were 585 061 males with complete data for the current analyses.

Before 35 years of age After 35 years of age

Dead HRR (95% CI) p HRR (95% CI) P

No mental problems High IQ 0.60 (0.53–0.69) <0.001 0.71 (0.62–0.80) <0.001

Average IQ 1 ref 1 Ref

Low IQ 1.72 (1.57–1.89) <0.001 2.11 (1.93–2.31) <0.001

Mental problems High IQ 1.05 (0.56–1.95) 0.89 1.27 (0.72–2.26) 0.41

Average IQ 1.94 (1.72–2.20) <0.001 2.21 (1.97–2.49) <0.001

Low IQ 2.60 (2.21–3.06) <0.001 2.99 (2.56–3.49) <0.001

Emigrated

No mental problems High IQ 2.49 (2.37–2.62) <0.001 1.94 (1.80–2.09) <0.001

Average IQ 1 ref 1 Ref

Low IQ 0.41 (0.36–0.47) <0.001 0.40 (0.33–0.48) <0.001

Mental problems High IQ 1.93 (1.35–2.75) <0.001 1.72 (1.12–2.66) 0.014

Average IQ 0.83 (0.72–0.95) 0.009 0.62 (0.52–0.75) <0.001

Low IQ 0.40 (0.29–0.54) <0.001 0.39 (0.27–0.56) <0.001

Disability benefits

No mental problems High IQ 0.28 (0.24–0.31) <0.001 0.36 (0.32–0.41) <0.001

Average IQ 1 ref 1 Ref

Low IQ 4.06 (3.88–4.26) <0.001 4.85 (4.63–5.07) <0.001

Mental problems High IQ 1.57 (1.09–2.26) 0.015 2.04 (1.47–2.84) <0.001

Average IQ 3.98 (3.73–4.24) <0.001 4.72 (4.44–5.02) <0.001

Low IQ 14.37 (13.59–15.19) <0.001 16.12 (15.27–17.01) <0.001

Time limited benefits

No mental problems High IQ 0.32 (0.30–0.34) <0.001 0.32 (0.30–0.35) <0.001

Average IQ 1 ref 1 Ref

Low IQ 2.41 (2.35–2.48) <0.001 2.06 (1.98–2.14) <0.001

Mental problems High IQ 1.49 (1.24–1.79) <0.001 0.90 (0.67–1.19) 0.46

Average IQ 3.03 (2.93–3.14) <0.001 2.07 (1.96–2.17) <0.001

Low IQ 4.43 (4.24–4.64) <0.001 2.70 (2.53–2.89) <0.001

Sick leave

No mental problems High IQ 0.31 (0.30–0.32) <0.001 0.72 (0.70–0.74) <0.001

Average IQ 1 ref 1 Ref

Low IQ 1.50 (1.48–1.53) <0.001 2.28 (2.24–2.33) <0.001

Mental problems High IQ 0.56 (0.48–0.64) <0.001 1.09 (0.96–1.24) 0.20

Average IQ 1.26 (1.23–1.29) <0.001 1.92 (1.88–1.98) <0.001

Low IQ 1.48 (1.43–1.54) <0.001 2.07 (1.99–2.15) <0.001

https://doi.org/10.1371/journal.pone.0180737.t005
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average IQ or with mental health problems at the age of military enrolment, had an increased

risk of long-term sick leave, time limited benefits, receiving disability benefits later in life, and

early mortality. The IQ assessment was performed 1–2 years after the males had finished 9

year compulsory school. Adjustment of IQ for level of education is hence not relevant.

Employment was substantially reduced for those who had both low IQ and mental health

problems. Low IQ was a prominent predictor for receiving disability benefits later in life. The

state occupation probabilities showed that men with mental health problems and/or low IQ

had a high probability for early vocational rehabilitation before the disability benefit.

Table 6. Adjusted* hazard rate ratios based on discrete time models (generalized estimation equations–GEE), showing the risk ratios with rela-

tion to mental health and IQ at military enrolment. Men with average IQ and no mental health problems are the reference group in all comparisons. There

were 581 941 males with complete data for the current analyses.

Before 35 years of age After 35 years of age

Dead HRR (95% CI) p HRR (95% CI) P

No mental problems High IQ 0.60 (0.53–0.69) <0.001 0.71 (0.62–0.80) <0.001

Average IQ 1 Ref 1 Ref

Low IQ 1.72 (1.57–1.89) <0.001 2.12 (1.94–2.31) <0.001

Mental problems High IQ 1.20 (0.64–2.27) 0.57 1.47 (0.82–2.65) 0.20

Average IQ 2.13 (1.83–2.49) <0.001 2.44 (2.10–2.84) <0.001

Low IQ 2.71 (2.29–3.21) <0.001 3.10 (2.63–3.65) <0.001

Emigrated

No mental problems High IQ 2.48 (2.36–2.61) <0.001 1.93 (1.79–2.08) <0.001

Average IQ 1 ref 1 Ref

Low IQ 0.42 (0.36–0.48) <0.001 0.40 (0.33–0.48) <0.001

Mental problems High IQ 2.40 (1.65–3.49) <0.001 2.12 (1.33–3.38) 0.002

Average IQ 1.00 (0.85–1.18) 0.99 0.77 (0.62–0.95) 0.016

Low IQ 0.44 (0.32–0.60) <0.001 0.43 (0.30–0.63) <0.001

Disability benefits

No mental problems High IQ 0.28 (0.24–0.32) <0.001 0.36 (0.32–0.41) <0.001

Average IQ 1 ref 1 Ref

Low IQ 4.07 (3.88–4.26) <0.001 4.85 (4.63–5.08) <0.001

Mental problems High IQ 1.76 (1.22–2.55) 0.003 2.29 (1.64–3.20) <0.001

Average IQ 4.22 (3.91–4.56) <0.001 5.05 (4.69–5.44) <0.001

Low IQ 14.60 (13.76–15.49) <0.001 16.37 (15.45–17.35) <0.001

Time limited benefits

No mental problems High IQ 0.32 (0.30–0.34) <0.001 0.33 (0.30–0.36) <0.001

Average IQ 1 Ref 1 Ref

Low IQ 2.38 (2.32–2.44) <0.001 2.04 (1.96–2.12) <0.001

Mental problems High IQ 1.37 (1.14–1.65) 0.001 0.84 (0.63–1.12) 0.23

Average IQ 2.82 (2.70–2.95) <0.001 1.92 (1.81–2.04) <0.001

Low IQ 4.16 (3.97–4.36) <0.001 2.52 (2.35–2.70) <0.001

Sick leave

No mental problems High IQ 0.32 (0.31–0.32) <0.001 0.73 (0.71–0.75) <0.001

Average IQ 1 Ref 1 Ref

Low IQ 1.47 (1.44–1.49) <0.001 2.25 (2.21–2.29) <0.001

Mental problems High IQ 0.47 (0.40–0.54) <0.001 0.89 (0.78–1.02) 0.092

Average IQ 1.08 (1.05–1.11) <0.001 1.61 (1.56–1.66) <0.001

Low IQ 1.34 (1.29–1.39) <0.001 1.86 (1.78–1.93) <0.001

* Adjusted for assessment of scores of Physical ability, Arm, Hand, Walking, Back, Skin, and BMI

https://doi.org/10.1371/journal.pone.0180737.t006
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Employment is a fundamental aspect of modern society. For the individual, employment is

an important part of identity, social life, personal economy, and health[33]. To what extent the

society is responsible for individuals with reduced ability to work, or whether this responsibility

lies with the individual, has varied over time and varies between countries[1, 2]. There is an

ongoing discussion in Norway about the generous reimbursement rates and whether they con-

tribute to long term sick leave and disability benefits[34]. The Organization for Economic Coop-

eration and Development (OECD) recently stated that Norway has the highest level of sick leave

and costs related to lost labour among all the member countries, with common mental disorders

contributing most to the recent rise in expenditures[35]. The report further concludes that the

Norwegian system may encourage the exclusion of people with mental disorders through ‘wel-

fare-traps’ of disincentives.

The precision of the evaluation of mental health at military enrolment can be questioned.

However, we have shown that evaluation done for assessing ability for military duty predicts

future outcomes, for men eligible to meet for the military evaluation. Whether fulfilling mili-

tary service was a predictor could not be studied, since information on who actually fulfils mil-

itary service was not available. Young men with too poor mental function or intellectual

disabilities would not be included in the cohort as they would be too disabled to be considered

for military duty. This is an important aspect to consider in the interpretation of the results

[36]. Based on the regression analyses we show that IQ and mental health are approximately

equally strong risk factors before and after the age of 35. However, for the time limited benefits

we found that IQ and mental health were even stronger risk factors before the age of 35. This

was also apparent in the figures, where the time limited benefits were bulging before the age of

35 for those with low IQ and/or mental health problems.

This study demonstrates the advantage of applying a multi-state framework for analyses of

reimbursement data of multiple outcomes simultaneously. Extending the framework using

time dependent factors e.g. accumulated time on sick leave or updated health information, or

making causal considerations adjusting for time dependent selection is possible[37]. The effect

of removing states from the system, e.g. on employment, can furthermore be evaluated[37].

The study demonstrates that IQ and mental health at young age are important risk factors for

being excluded from the ordinary workforce later in life. Adolescent health problems are also

markers for high school dropout[38], and high school dropouts have an increased risk for sick-

ness and disability in young adulthood independent of own health, family and socioeconomic

factors in adolescence[39].

There are limitations with the data presented in this study. The evaluation of mental health

done at military enrolment cannot be regarded as diagnoses. Fadum et al. discuss the mental

health evaluation done for Norwegian conscripts more in depth and also relates this to later

suicide events[18]. A rapid screening of mental health is crucial before military service and

there are several tools used for this screening[40]. The assessment of the physical abilities is

also problematic, since all the available variables were measured with respect to the ability to

perform compulsory military service. Information on those completing military service was

not available, but could enhance our results further. Samuelsson et al. discusses disability pen-

sion due to mental problems and find that military service is an independent risk factor[41].

However, we still find it interesting that the evaluation done solely for the military enrolment,

predicts future work drop-out.

A possible implication of the present findings could be to identify those at particularly high

risk i.e. those with both low IQ and mental health problems early, and consider intervening on

this high-risk group to increase integration into the labour market. Although there is no com-

pelling evidence supporting interventions aiming at improving mental health problems in peo-

ple with mild to moderate intellectual disability, there are some promising interventions that
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could be evaluated further in larger trials[42]. Targeted support and interventions to help cope

with mental health problems and interventions like work-focused CBT and individual job sup-

port may increase work participation and prevent later adverse outcomes. Work focused CBT

and individual job support have been effective in increasing or maintaining work participation

for people with common mental disorders [43].
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