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Abstract

Background

Multimorbidity receives increasing scientific attention. So does the detrimental health

impact of adverse childhood experiences (ACE). Aetiological pathways from ACE to com-

plex disease burdens are under investigation. In this context, the concept of allostatic over-
load is relevant, denoting the link between chronic detrimental stress, widespread biological

perturbations and disease development. This study aimed to explore associations between

self-reported childhood quality, biological perturbations and multimorbidity in adulthood.

Materials and Methods

We included 37 612 participants, 30–69 years, from the Nord-Trøndelag Health Study,

HUNT3 (2006–8). Twenty one chronic diseases, twelve biological parameters associated

with allostatic load and four behavioural factors were analysed. Participants were catego-

rised according to the self-reported quality of their childhood, as reflected in one question,

alternatives ranging from ‘very good’ to ‘very difficult’. The association between childhood

quality, behavioural patterns, allostatic load and multimorbidity was compared between

groups.

Results

Overall, 85.4% of participants reported a ‘good’ or ‘very good’ childhood; 10.6% average,

3.3% ‘difficult’ and 0.8% ‘very difficult’. Childhood difficulties were reported more often

among women, smokers, individuals with sleep problems, less physical activity and lower
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education. In total, 44.8% of participants with a very good childhood had multimorbidity

compared to 77.1% of those with a very difficult childhood (Odds ratio: 5.08; 95% CI: 3.63–

7.11). Prevalences of individual diseases also differed significantly according to childhood

quality; all but two (cancer and hypertension) showed a significantly higher prevalence

(p<0.05) as childhood was categorised as more difficult. Eight of the 12 allostatic parame-

ters differed significantly between childhood groups.

Conclusions

We found a general, graded association between self-reported childhood difficulties on the

one hand and multimorbidity, individual disease burden and biological perturbations on the

other. The finding is in accordance with previous research which conceptualises allostatic

overload as an important route by which childhood adversities become biologically

embodied.

Introduction
Most consultations with adults in primary care involve more than one health problem or dis-
ease [1,2]. Multimorbidity, defined by WHO as being affected with two or more chronic health
conditions [3], has received increased recognition over the past years [4,5] and has even been
termed one of the major medical challenges of the 21st century [3,6]. Recent research sheds
light on various aspects of multimorbidity, mostly focusing on prevalence data [5,7–10] and
specific patterns of clustering [11–13]. Multimorbidity increases with age [7,8,14] and is more
common in lower socioeconomic groups [8,15,16]. Beyond this, scientific knowledge pertain-
ing to multimorbidity is still incomplete [10,17].

Multimorbid disease clusters tend to defy diagnostic categories within the ‘somatic’ and
‘mental health’ domains respectively, and typically also transgress this dichotomy [10,11]. This
evokes the question whether multimorbidity ought to be seen as an artefact of the reigning bio-
medical classification systems, sometimes referred to as medical ‘silo’ thinking [10,18–20].

Recognizing multimorbidity as a fundamental challenge to both medical theory and prac-
tice, authoritative voices have called for a shift from fragmented, disease-oriented medical care
to an integrative ‘person-focused’ or ‘person-centered’ care [21,22]. Irrespective of on-going
controversies relating to the practical delivery of clinical care, the link between low socio-eco-
nomic status and multimorbidity has actualized a scientific interest in potential underlying
causes of ill health in general [15,17,20]. Using terms such as ‘the causes behind the causes’ and
‘the biology of disadvantage’ researchers draw scientific attention to the general impact of rela-
tional and socio-political factors which undermine human health [10,23].

The technological capacity to explore bio-molecular mechanisms which might link lifetime
experiences to human health and disease has evolved rapidly during recent years. Researchers
focus on various pathways or markers, such as immune mechanisms [24–27], autonomic
imbalance [27–31], endocrine stress responses [32–34], epigenetic mechanisms [35,36], and
telomere maintenance [37,38]. This reflects how stress exerts its effects on various biological
subsystems and indicates the relevance of exploring the human physiological adaptive systems
as a complex whole. The concept of allostasis (gr: stability through change) [39] is based on
such an integrative perspective, as previously described [10,23]. Essentially, allostasis refers to a
living organism’s physiological ability to guard its integrity (including cellular homeostasis)
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when encountering challenges and stressors. Allostatic load denotes the cumulative impact of
strain on the organism over time, while allostatic overload denotes a ‘red flag’ physiological risk
scenario, where the organism’s adaptive and restorative capacity is overtaxed to such an extent
that adaptability and flexibility decline prematurely [39–41]. Allostatic overload results in a
gradual loss of physiological flexibility, initially reflected by subtle but wide-spread physiologi-
cal perturbations and an increased risk of complex disease development, informed by congeni-
tal and acquired susceptibilities [10].

The trajectory from adverse childhood experiences to health problems in adult life has
received increasing scientific attention since the late 1990s. The US Adverse Childhood Experi-
ences Study represented a milestone as it documented a linear relationship between the num-
ber of adversity categories in childhood and morbidity-burden in adult life, both in the somatic
and mental domains [42,43]. Associations between adverse childhood experiences and health
problems in adult life (somatic and psychiatric conditions, including addictive behaviours and
sleep problems) have later been confirmed in various contexts [44–54]. These studies have typ-
ically focused on predefined adverse experiences, including different forms of abuse, neglect
and dysfunctional households [50,54–59]. Increasing evidence links adverse childhood experi-
ences to future health problems with reference to allostatic overload [60–63]. To our knowl-
edge, the association between a subjective, global evaluation of the childhood and adult health
has not been examined.

Research hypothesis
In light of the documented association between adverse childhood experiences and health
problems, as well as conceptual and empirical links between childhood difficulties and allo-
static overload, we outline a framework for our hypothesis, based on our understanding of the
topic and the research literature (Fig 1). The aim of the present study was to explore the con-
nections indicated in the model by studying the association between experience of childhood
and multimorbidity in adult life, taking into account the possible effect of behavioural factors
as well as markers of allostatic overload.

Study Population and Methods
The Nord-Trøndelag Health Study (HUNT) is a renowned, population based study whose
third wave, HUNT3, was carried out in 2006–2008. Every adult living in Nord-Trøndelag
County, Norway, was invited to participate and 54% accepted participation [64]. The HUNT3
population has been considered fairly representative of the Norwegian population. It is ethni-
cally homogenous, and since Nord-Trøndelag lacks large cities, the social inequalities in the
HUNT population might be smaller than for Norway in general [64,65].

The HUNT3 data were collected through questionnaires, physical examinations and blood
samples. For the present analysis people aged 30–69 years who answered the question regard-
ing childhood experience were included, in total 37 612 participants with participation rate of
58% (missing 373 individuals or 1% that did not answer regarding childhood experience) [64].
The youngest age groups were somewhat underrepresented, with only 31% participation rate
for people aged 20–29 years [66]. They were therefore excluded from the present analyses
along with people aged 70 years or more in whom multimorbidity is highly prevalent due to
age [7].

Assessment of childhood difficulties in HUNT3
The overall quality of the respondents’ childhood was addressed in HUNT3 by one single ques-
tion with five fixed response alternatives, referring to the respondent’s subjective, global
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perception of his/her childhood. Our childhood experience question was phrased (here trans-
lated to English): ‘When you think about your childhood, would you describe it as’: ‘Very
good–good–average–difficult–very difficult’. The question appeared among relatively neutral
questions related to everyday topics such as intake of dairy products and living with pets in
childhood (questionnaire accessible at www.hunt.no). We worded the question with respect to
the local linguistic and cultural context, supported by a linguist.

Assessment of multimorbidity, behavioural patterns and allostatic
parameters
We defined multimorbidity as two or more coinciding chronic diseases or conditions in accor-
dance with international consensus [3,18]. For a fair evaluation of multimorbidity, data on at
least twelve relevant chronic diseases are needed [9]. Our analysis includes 21 chronic diseases
or conditions, as has previously been described in more detail [10]. Any case of missing data
was defined as absence of the disease in question.

Regarding behavioural patterns, we included daily smoking and mean number of cigarettes,
sleep problems and physical activity. Daily smoking was defined as use of cigarettes, cigars,
pipes and/or snuff daily. Physical activity was measured as a combination of light and hard
exercise during the last year, measured in hours as no activity, less than three hours of light
activity, more than three hours of light but less than one hour of hard activity and finally more
than one hour of hard activity per week.

The HUNT3 database lacks direct data on socioeconomic status (SES). Information regard-
ing educational level was however accessible for 76% of our respondents who had also com-
pleted the HUNT2 survey 10 years earlier [64]. This was used as a marker of adult SES.

Sleep problems were defined as difficulty falling asleep, waking up repeatedly during the
night or waking too early and not being able to fall asleep again, several times per week for the
last month.

To address the possibility of recall bias associated with depression, multimorbidity analyses
were also performed after adjusting for indications of current depression, defined as eight or
more points on the Hospital Anxiety and Depression Scale (HADS). Multimorbidity and expe-
rience of childhood were also compared between depressed and non-depressed groups,
respectively.

Allostatic load parameters have been classified as primary (being mostly chemical messen-
gers in response of short term stress), secondary (reflecting cumulative actions of primary

Fig 1. Model illustrating the hypothesized links between childhood difficulties andmultimorbidity. All
arrows indicate potential pathways connecting adverse childhood experiences to multimorbidity. The solidity
of the arrows reflect the proposed relative impact of the illustrated factors. Our main hypothesis is indicated
by the red arrows leading from a difficult childhood to multimorbidity through allostatic overload. The blue
arrows indicate a presumed impact of behavioural and relational patterns in this development. The black
arrows reflect additional pathways that might play a significant but generally more limited role.

doi:10.1371/journal.pone.0130591.g001
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parameters in a tissue/organ-specific manner) and tertiary (emerging as clinical diseases or dis-
orders) [67,68]. Somewhat different parameters have been applied and combined to estimate
allostatic load in different studies [69]. Our analysis includes twelve secondary allostatic
parameters.

For the estimation of systolic and diastolic blood pressure, heart rate and pulse pressure,
HUNT3 participants using antihypertensive medication or diagnosed with cardiovascular dis-
ease were excluded to avoid medication bias. Likewise, participants reporting diabetes were
excluded from estimation of serum glucose. Similar precautions were not possible for choles-
terol, as information on cholesterol-lowering medication was unavailable.

Statistical analyses
Descriptive analyses were stratified according to childhood experience. The categorical vari-
ables were expressed as frequencies with percentages and continuous variables as means with
standard deviations. Differences between childhood groups with p-trends were estimated with
Mantel-Haenszel test for linear association and ANOVA test for linearity as appropriate.

Prevalences were estimated for the number of diseases in each group of childhood experi-
ence with 95% confidence intervals (CI). The same was performed for individual diseases.
Mantel-Haenszel test for linear association was used to test if disease prevalence followed a gra-
dient from very good to very difficult childhood.

Binomial logistic regression was used to assess the odds ratios (OR) of multimorbidity
according to childhood experience. All logistic calculations were adjusted for age and gender.
Behavioural and biological factors were then introduced to the model, both individually and in
different combinations. Participants with missing data regarding allostatic parameters were
excluded in all logistic regression models, but missing data on behavioural factors were coded
as an additional group for precise comparison between models.

Parameters pertaining to allostatic load were analysed according to childhood experience
for each gender. Means were estimated with participants reporting a very good childhood as
the reference group. Deviances from the mean according to each group of childhood experi-
ence, as well as p-trend, were subsequently estimated with linear regression after adjusting for
age.

SPSS statistical program (version 20) was used for all analyses.

Ethics Statement
Each participant in the HUNT Study signed a written consent regarding the screening and the
use of data for research purposes. The study was approved by the Norwegian Data Inspectorate
and the Regional Committee for Ethics in Medical Research (2010/2627-3).

Results
Data from 20 338 women and 17 274 men aged 30–69 years were analysed in accordance with
their self-reported, global perception of their childhood. In total, 85.4% of the respondents
characterised their childhood as very good or good, 3.3% as difficult and 0.8% as very difficult
(Table 1).

In general, individuals reporting a difficult or a very difficult childhood were younger (p-
trend significant when stratified by gender) and more often female. Smoking was more preva-
lent in this group and they reported higher cigarette consumption than smokers in other
groups. They also reported more sleep problems, less physical activity and a lower educational
level. A significant trend was observed from very good to very difficult childhood in all baseline
characteristics except for age.

Difficult Childhood and Multimorbidity in Adult Life

PLOS ONE | DOI:10.1371/journal.pone.0130591 June 18, 2015 5 / 16



Multimorbidity and childhood experience
Fig 2 (and S1 Table) shows the prevalence of number of diseases for each given group. Respon-
dents characterising their childhood as very good had a lower number of diseases, with 26.3%
reporting no disease, compared to 9.5% and 4.2% for those reporting a difficult and a very diffi-
cult childhood, respectively. The total prevalence of multimorbidity increased from 44.8%
among respondents reporting a very good childhood to 77.1% among those with a very difficult
childhood. For individuals reporting a very difficult childhood, the age adjusted prevalence
ratios gradually rose to 1.90, compared to those reporting a very good childhood.

A similar trend was found for the prevalence of individual diseases (Fig 3). The prevalence
increased significantly with increasing degrees of childhood difficulty for all diseases, except
hypertension and cancer. The increase was sevenfold for mental health problems, fourfold for
chronic obstructive pulmonary disease (COPD) and dental health problems, and more than
double for fibromyalgia, gastro-oesophageal reflux disease (GERD), rheumatic arthritis and
asthma. The prevalence increased almost parallel in both genders, although the absolute preva-
lence of some diseases differed.

Logistic regression analyses
In the first crude model which did not include any intervening factors, the OR of multimorbid-
ity increased from 1.20 for those with a good childhood to 5.08 (95% CI 3.63–7.11) for individ-
uals reporting a very difficult childhood, compared to very good childhood as reference
(Table 2).

The behavioural factors were then introduced one by one to evaluate their association with
multimorbidity (S2 Table). Smoking, physical activity and educational level all lowered the OR

Table 1. Baseline characteristics of participants aged 30–69 years according to childhood experience in the HUNT Study (2006–8).

Childhood experience:

Very good Good Average Difficult Very difficult p trend*

Number of participants 17 759 (47.2) 14 351 (38.2) 3 993 (10.6) 1 225 (3.3) 284 (0.8) Na

Mean age 50.9 (±10.6) 52.1 (±10.6) 51.3 (±10.5) 49.5 (±10.3) 47.6 (±10.3) 0.72

Gender

Female 9 574 (53.9) 7 463 (52.0) 2 328 (58.3) 784 (64.0) 189 (66.5) <0.001

Male 8 185 (46.1) 6 888 (48.0) 1 665 (41.7) 441 (36.0) 95 (33.5)

Daily smoking 4 644 (26.2) 3 881 (26.6) 1 116 (27.9) 438 (35.8) 123 (43.7) <0.001

Mean nr of cigarettes 11.7 (± 7.2) 12.1 (± 6.9) 12.7 (±7.5) 13.6 (±7.1) 15.7 (±10.3) <0.001

Insomnia 3 159 (17.8) 3 168 (22.1) 1 131 (28.3) 442 (36.1) 113 (39.8) <0.001

Physical activity

None 332 (2.4) 263 (2.3) 91 (2.9) 50 (5.2) 17 (7.6) <0.001

Low 3 191 (22.7) 2 765 (24.0) 789 (24.9) 237 (24.8) 66 (29.6)

Medium 4 580 (32.6) 3 943 (34.3) 1 055 (33.3) 308 (32.3) 65 (29.2)

High 5 949 (42.3) 4 528 (39.4) 1 229 (38.8) 360 (37.7) 75 (33.6)

Education

Primary 2 933 (21.3) 2 834 (25.5) 753 (25.7) 219 (27.4) 49 (34.8) <0.001

Secondary 7 077 (51.4) 5 645 (50.8) 1 479 (50.6) 421 (52.6) 72 (51.1)

University 3 754 (27.3) 2 632 (23.7) 693 (23.7) 160 (20.0) 20 (14.2)

Standard deviation (SD) and percentages within brackets as appropriate.

*p trend calculated with ANOVA or Mantel-Haenszel test for linear association as appropriate.

doi:10.1371/journal.pone.0130591.t001
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marginally. The strongest single factor impact was found for sleep problems with OR declining
from 5.08 to 4.32 (95% CI 3.07–6.07) for participants with a very difficult childhood.

Analysed individually, the allostatic parameters showed marginal or no impact on OR (S2
Table). When introduced to the model in combination (Table 2- Model 3) the OR associated
with a very difficult childhood declined from 5.08 to 4.73 (95% CI 3.30–7.68) with no effect on
OR for the other groups of childhood experience. Combined, the behavioural factors had a
stronger impact on OR in very difficult childhood (OR 3.98, Model 3). When all behavioural
and allostatic factors were combined, the OR declined to 3.78 (95% CI 2.61–5.47) (Model 4).

Adjusting for current depression in the crude model reduced the OR for very difficult child-
hood from 5.08 to 4.52 (95% CI 3.20–6.36). In the group with current depression, 11.1%
reported a difficult or a very difficult childhood, compared to 4.1% in the group in general. The
prevalences of different childhood qualities and multimorbidty did not differ significantly after
excluding participants reporting current depression.

Childhood experience and allostatic load
The mean values of eight of the 12 analysed allostatic parameters (Tables 3 and 4) differed
according to the participants’ description of their childhood (p<0.05). Those reporting a diffi-
cult or very difficult childhood had, on average, shorter stature, larger waist circumference,
higher waist hip ratio and BMI, higher resting heart rate, lower systolic blood pressure, and
lower pulse pressure, compared to the other groups. Females but not males reporting a difficult
childhood had significantly higher non-fasting blood glucose. Correspondingly, males but not
females had a statistically significant trend towards lower diastolic blood pressure (Tables 3
and 4).

Fig 2. Number of diseases in adulthood (30–69y) according to childhood experience in the HUNT3 Study.

doi:10.1371/journal.pone.0130591.g002
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Fig 3. Prevalence of diseases/conditions according to childhood experience for adults (30–69y) in the HUNT3 Study.

doi:10.1371/journal.pone.0130591.g003

Table 2. Logistic models for multimorbidity according to childhood experience for participants aged 30–69 years in the HUNT Study (2006–8).

Childhood experience:

Very good Good Average Difficult Very difficult

Logistic models OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Model 1 1.0 Ref. 1.20 1.13–1.26 1.77 1.63–1.93 3.52 3.00–4.13 5.08 3.63–7.11

Model 2 1.0 Ref. 1.15 1.09–1.22 1.64 1.50–1.79 3.00 2.55–3.53 3.98 2.82–5.62

Model 3 1.0 Ref. 1.23 1.16–1.30 1.82 1.67–2.00 3.55 3.00–4.21 4.71 3.29–6.75

Model 4 1.0 Ref. 1.19 1.12–1.26 1.70 1.55–1.87 3.03 2.54–3.61 3.77 2.61–5.45

Odds ratios (OR) and 95% confidence intervals (95% CI) with very good childhood as a reference (Ref.).

Model 1: Adjusted for age and gender; Model 2: Adjusted for age, gender, smoking, insomnia, physical activity and education; Model 3: Adjusted for age,

gender and allostatic factors; Model 4: Adjusted for all factors mentioned before.

doi:10.1371/journal.pone.0130591.t002
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Discussion
Based on data from a large, stable and relatively affluent Norwegian population, we have docu-
mented a clear association between self-reported childhood difficulties and adult disease bur-
den. With increasing childhood difficulties, the prevalence of multimorbidity, as well as most

Table 3. Age adjusted difference from reference values of secondary allostatic parameters with 95% confidence intervals (95%CI) according to
childhood experience among women aged 30–69 years, in the HUNT Study (2006–8) (N = 20 338).

Childhood experience:

Very good Good Average Difficult Very difficult

Women Reference Difference (95% CI) Difference (95% CI) Difference (95% CI) Difference (95% CI) p trend

Height (cm) 165.54 -0.02 (-0.20 to 0.15) -0.65 (-0.91 to -0.38) -0.69 (-1.12 to -0.27) -1.71 (-2.54 to -0.87) <0.001

Waist (cm) 90.36 -0.25 (-0.63 to 0.13) 0.20 (-0.37 to 0.76) 1.80 (0.89 to 2.70) 3.93 (2.15 to 5.72) <0.001

WHR 0.87 0.00 (0.00 to 0.00) 0.00 (0.00 to 0.00) 0.01 (0.01 to 0.02) 0.02 (0.01 to 0.03) <0.001

BMI (kg/m2) 27.01 -0.16 (-0.30 to -0.01) 0.21 (-0.01 to 0.42) 0.72 (0.37 to 1.07) 1.54 (0.85 to 2.23) <0.001

SBP (mmHg) 124.87 -0.76 (-1.31 to -0.21) -1.01 (-1.81 to -0.20) -1.65 (-2.98 to -0.33) 0.63 (-1.99 to 3.26) 0.002

DBP (mmHg) 71.05 -0.50 (-0.85 to -0.15) -0.11 (-0.63 to 0.41) -0.49 (-1.34 to 0.36) 0.83 (-0.85 to 2.51) 0.26

Heart rate 71.04 0.13 (-0.25 to 0.50) 0.27 (-0.28 to 0.82) 0.44 (-0.46 to 1.35) 2.36 (0.59 to 4.14) 0.03

PP (mmHg) 91.82 -0.63 (-1.05 to -0.21) -0.43 (-1.05 to 0.19) -1.19 (-2.22 to -0.17) 1.08 (-0.94 to 3.09) 0.03

CRP (mg/L) 2.65 -0.01 (-0.20 to 0.19) 0.01 (-0.28 to 0.31) 0.47 (-0.01 to 0.95) 0.89 (-0.04 to 1.83) 0.08

Chol (mmol/L) 5.58 -0.01 (-0.04 to 0.02) 0.03 (-0.02 to 0.07) 0.03 (-0.04 to 0.11) 0.19 (0.04 to 0.34) 0.07

Glu (mmol/L) 5.31 -0.01 (-0.05 to 0.02) 0.00 (-0.05 to 0.05) 0.11 (0.03 to 0.18) 0.19 (0.04 to 0.34) 0.04

Crea (μmol/L) 75.81 0.08 (-0.36 to 0.51) 0.00 (-0.65 to 0.65) 0.38 (-0.68 to 1.43) -0.31 (-2.39 to 1.76) 0.73

WHR = Waist hip ratio; BMI = Body mass index; SBP = Systolic blood pressure; DBP: Diastolic blood pressure; PP = Pulse pressure; CRP = C-reactive

protein; Chol = S-Cholesterol; Glu = Non-fasting S-glucose; Crea = S-Creatinine.

doi:10.1371/journal.pone.0130591.t003

Table 4. Age adjusted difference from reference values of secondary allostatic parameters with 95% confidence intervals (95%CI) according to
childhood experience amongmen aged 30–69 years, in the HUNT Study (2006–8) (N = 17 274).

Childhood experience:

Very good Good Average Difficult Very difficult

Men Reference Difference (95% CI) Difference (95% CI) Difference (95% CI) Difference (95% CI) p trend

Height (cm) 178.56 0.01 (-0.20 to 0.21) -0.27 (-0.60 to 0.07) -0.50 (-1.10 to 0.11) -1.87 (-3.15 to -0.59) 0.001

Waist (cm) 97.58 0.09 (-0.24 to 0.41) 0.66 (0.12 to 1.19) 2.66 (1.69 to 3.63) 2.06 (0.01 to 4.11) <0.001

WHR 0.94 0.00 (0.00 to 0.00) 0.01 (0.00 to 0.01) 0.02 (0.01 to 0.02) 0.02 (0.01 to 0.04) <0.001

BMI (kg/m2) 27.72 -0.04 (-0.16 to 0.08) 0.07 (-0.13 to 0.27) 0.70 (0.34 to 1.06) 0.55 (-0.21 to 1.30) 0.01

SBP (mmHg) 131.76 -0.30 (-0.87 to 0.26) -0.81 (-1.74 to 0.13) -1.30 (-3.01 to 0.40) -3.82 (-7.40 to -0.23) 0.007

DBP (mmHg) 77.19 -0.23 (-0.61 to 0.14) -0.65 (-1.27 to -0.03) -0.24 (-1.37 to 0.89) -2.52 (-4.89 to -0.14) 0.01

Heart rate 67.80 0.35 (-0.06 to 0.77) 0.07 (-0.62 to 0.75) 3.07 (1.82 to 4.32) 0.84 (-1.80 to 3.47) <0.001

PP (mmHg) 97.16 -0.17 (-0.62 to 0.29) -0.70 (-1.45 to 0.06) -0.21 (-1.58 to 1.16) -3.10 (-5.98 to -0.22) 0.04

CRP (mg/L) 2.37 0.00 (-0.19 to 0.19) 0.05 (-0.26 to 0.37) 0.64 (0.06 to 1.21) 0.15 (-1.05 to 1.36) 0.19

Chol (mmol/L) 5.53 0.01 (-0.02 to 0.05) 0.00 (-0.05 to 0.06) 0.02 (-0.08 to 0.12) 0.22 (0.01 to 0.43) 0.24

Glu (mmol/L) 5.56 -0.01 (-0.05 to 0.04) 0.00 (-0.07 to 0.06) 0.20 (0.08 to 0.33) 0.12 (-0.15 to 0.39) 0.11

Crea (μmol/L) 90.10 -0.07 (-0.61 to 047) 0.48 (-1.37 to 0.41) 0.53 (-1.10 to 2.17) -1.80 (-5.23 to 1.64) 0.48

WHR = Waist hip ratio; BMI = Body mass index; SBP = Systolic blood pressure; DBP: Diastolic blood pressure; PP = Pulse pressure; CRP = C-reactive

protein; Chol = S-Cholesterol; Glu = Non-fasting S-glucose; Crea = S-Creatinine.

doi:10.1371/journal.pone.0130591.t004
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of the eligible diseases and disorders, increased in a dose-response manner. Sleep problems,
physical activity and smoking habits followed a similar trend. The cross-sectional study design
does not permit direct, causal inferences. Our findings are however concordant with an
increasing body of evidence which links childhood adversities to ill health in a life-course per-
spective [70–72].

The fact that one question about subjective childhood experience gave such could yield such
results, is a new finding. The approach needs further validation in other contexts, but might
ultimately prove to have certain qualities in common with the single item questions about self-
rated health [73].

Since this is a cross-sectional study, recall bias connected to the respondents’ childhood can-
not be ruled out. A heavy disease burden might theoretically be blamed on childhood adversi-
ties. Previous studies which have compared retrospective and prospective data on childhood
adversity have however not found evidence of recall bias [49,74,75]. The possibility is further
diminished as we adjusted for current depression.

Approximately four percent of the HUNT3 study participants reported a difficult or very
difficult childhood. This number is low, if compared to those that have focused on specified
types of adverse events in childhood [52,53,76,77]. Our global experience question is obviously
different, as it addresses the respondent’s personal appraisal of what might be described as the
overall balance between adverse (“drain”) and supporting and resilience (“gain”) factors [78] in
childhood. The low figure might also reflect the relatively favourable socioeconomic conditions
in North-Trøndelag population. A direct link between severe poverty in childhood, biological
perturbations and disease in adult life has been found in several populations, including the
Norwegian county Finnmark in the years 1890–1967 [79]. It is highly unlikely that reported
childhood difficulties in HUNT3 refer to food shortage or poor housing on a comparable scale.

One important factor that can´t be evaluated in our study is the impact of parental health.
Common genetic disease susceptibilities remain a potential bias that would most likely be of
variable importance across the spectrum of diseases.

Concerning the measured allostatic load parameters, eight of the 12 showed an association
with childhood experience. This is not surprising, as allostatic parameters are likely to change
during the life-course, and we applied measurements performed in adulthood. Furthermore,
not all parameters could be optimally evaluated (see methods section). Exclusion of respon-
dents who reported a clinician-diagnosed (and thus presumably treated) diabetes and/or medi-
cated hypertension should lead to underestimation of serum glucose and blood pressure levels.
The same applies to cholesterol, as some respondents might have been taking cholesterol-low-
ering drugs.

The rise in individual disease prevalence with increasing childhood difficulties varied con-
siderably in our study, but the general trend was a dose-response association. The slope was
steepest for pain conditions and mental health problems, in accord with previous studies on
the health impact of childhood adversity [45,48,80–82] and compatible with a recent study on
the relationship between self-rated health and allostatic load in the HUNT population [83].
The trend was also present regarding a number of conditions where physiological dysregula-
tion and life-style are known to interact and even enhance each other, such as obesity, diabetes,
dental problems, asthma, COPD, and GERD [42,54,76,84,85]. We did not find any dose-
response relationship for hypertension in our study. Some studies indicate an association
between childhood adversities and hypertension [85], but this association may be complex, as
blunting of the HPA-axis can occur over time, resulting in flattening of the diurnal cortisol
rhythm [40,86–88].

As the HUNT Study was conceived in accordance with the traditional biomedical focus on
single disease conditions according to the ‘silo’model [19], both the researchers who designed
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the survey and the questionnaire respondents were ‘blinded’ to the research question of the
present study. Consequently, expectation bias can be ruled out. The fact that diagnoses are self-
reported, in contrast to studies based on medical records, can be considered both a weakness
and strength, depending on the chosen perspective.

The fact that the HUNT population is ethnically homogenous, with high and socially equi-
table access to primary healthcare [65], might be considered a strength, as it documents that
multimorbidity is a ubiquitous phenomenon in contemporary Western societies, not only
related to social deprivation.

Socioeconomic status has a well documented link to multimorbidity, as previously men-
tioned [8, 16]. The lack of comprehensive SES data represents a clear weekness of our study.
However, the County of North-Trøndelag has been a stable community with a less steep social
gradient than many other populations [65].

A general weakness of the HUNT3 study is the limited participation rate, which must never-
theless be seen as acceptable in a contemporary international context, especially for the age
groups included in the current analysis. Participation rates were lowest in the youngest and
oldest age groups, especially for young males. It is, however, relevant to notice that younger
participants generally reported a higher prevalence of a very difficult childhood than older par-
ticipants. This might lead to underestimation of the total multimorbidity count in the popula-
tion. Furthermore, a comparison between participants and non-participants in the HUNT3
study showed that non-participants tended to have a higher prevalence of index diseases as
well as a higher mortality [64,66]. In total, our study probably underestimates the disease bur-
den in the overall population.

Conclusions and implications
Based on data from a general and relatively affluent Norwegian population, we have docu-
mented a general, graded association between self-reported childhood difficulties on the one
hand and multimorbidity, individual disease burden and biological perturbations on the other.
The finding is in accordance with an increasing body of research which conceptualises allo-
static overload as an important route by which childhood adversities become biologically
embodied [89]. Consequently, we argue that future research on the aetiology and demanding
clinical management of multimorbidity [90] should direct more attention to the biological
impact of the patients’ life experiences [23].

From the perspective of childhood adversity research, our study applied an original one-
item “childhood experience question”. The finding of a strong relation between self-reported
childhood difficulties and adult disease burden indicates that this approach can have consider-
able epidemiological and clinical relevance, worthy of further investigation.
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ABSTRACT
Objectives: Multimorbidity is prevalent, and
knowledge regarding its aetiology is limited. The
general pathogenic impact of adverse life experiences,
comprising a wide-ranging typology, is well
documented and coherent with the concept allostatic
overload (the long-term impact of stress on human
physiology) and the notion embodiment (the
conversion of sociocultural and environmental
influences into physiological characteristics). Less is
known about the medical relevance of subtle distress
or unease. The study aim was to prospectively explore
the associations between existential unease (coined as
a meta-term for the included items) and
multimorbidity.
Setting: Our data are derived from an unselected
Norwegian population, the Nord-Trøndelag Health
Study, phases 2 (1995–1997) and 3 (2006–2008),
with a mean of 11 years follow-up.
Participants: The analysis includes 20 365 individuals
aged 20–59 years who participated in both phases and
was classified without multimorbidity (with 0–1
disease) at baseline.
Methods: From HUNT2, we selected 11 items
indicating ‘unease’ in the realms of self-esteem, well-
being, sense of coherence and social relationships.
Poisson regressions were used to generate relative risk
(RR) of developing multimorbidity, according to the
respondents’ ease/unease profile.
Results: A total of 6277 (30.8%) participants
developed multimorbidity. They were older, more likely
to be women, smokers and with lower education. 10 of
the 11 ‘unease’ items were significantly related to the
development of multimorbidity. The items ‘poor self-
rated health’ and ‘feeling dissatisfied with life’ exhibited
the highest RR, 1.55 and 1.44, respectively (95% CI
1.44 to 1.66 and 1.21 to 1.71). The prevalence of
multimorbidity increased with the number of ‘unease’
factors, from 26.7% for no factor to 49.2% for 6 or
more.
Conclusions: In this prospective study, ‘existential
unease’ was associated with the development of
multimorbidity in a dose–response manner. The
finding indicates that existential unease increases

people’s vulnerability to disease, concordant with
current literature regarding increased allostatic load.

INTRODUCTION
In recent years, there has been increasing
interest in the phenomenon multimorbidity,
that is, the co-occurrence of two or more
chronic diseases in the same individual.1 2

Initially, multimorbidity research tended to
focus on older patients and prevalence
figures. However, the scope has gradually
widened, documenting significant prevalence
of multimorbidity also among younger

Strength and limitations of this study

▪ This large, prospective study explores subtle
aetiological factors of multimorbidity, a fairly
new area of investigation.

▪ The study shows that relatively subtle, existen-
tially demanding life circumstances are asso-
ciated with the development of multimorbidity.

▪ The data come from a large, homogenous and
relatively affluent population. Finding effect of
subtle unease on future health even in this popu-
lation highlights its importance.

▪ The basic science concept allostatic load is key
to our hypothesis. We described the participants’
allostatic load at the level of tertiary outcomes
(established diseases/conditions) in accordance
with the literature. Our findings suggest that a
subjective experience of existential unease is
associated with allostatic load in a long-term
perspective.

▪ The findings have relevance for general practice/
primary healthcare and raise the question
whether attentive, person-centred dialogues can
contribute to treatment and prevention of
complex disease within the frame of an estab-
lished doctor–patient relationship.
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age-groups and, overall, an uneven distribution along
social gradients.3–5

The origins of multimorbidity are evidently multifac-
torial and complex,6 and knowledge as to the true
sources is quite limited. We regard the concept allostatic
load7 as a central key to understanding why some indivi-
duals develop a host of complex, common diseases,
while others do not.5 8 9 The model conceptualises how
demanding life circumstances (physical and mental)
affect the organism over time, and how long-standing
unbuffered stress might eventually overtax the body’s
capacity for adaptation. The result is a tendency to
physiological disruption with increased susceptibility to
disease.10 11 Allostasis thus depicts the physiology of a
process termed embodiment. The notion of embodi-
ment, derived from a phenomenology of the body,12 13

allows to account for how sociocultural experiences and
other environmental influences translate into
physiological and anthropometric characteristics of the
body, whereby clearly relevant for epidemiological
research.8 14 15 There is currently no consensus regard-
ing measurement of allostatic load. However, an authori-
tative researcher in the field characterises three types of
allostatic load parameters.11 Well-known risk factors,
such as hypertension or hyperlipidaemia, are classified
as secondary mediators, while diagnosed diseases are
classified as tertiary allostatic outcomes. Consequently,
disease development in general and multimorbidity in
particular have relevance as indicators of allostatic
overload.11

From an epidemiological perspective, the pathogenic
impact of traumatic experiences involving neglect and
integrity violations is well documented in the somatic
and mental domains. There is also clear evidence of a
social gradient in health, reflecting how environmental
and existential stressors and demands tend to accumu-
late with increasing social deprivation.16–21 Furthermore,
it is becoming increasingly clear how subtle yet long-
standing challenges impact on the human physiology
and predispose to disease.22–25 Likewise, it is acknowl-
edged that it is subjective experience, not objectively quanti-
fiable events, that becomes biologically inscribed.9 26

This implies that every person perceives and interprets
himself or herself, and relations with other people
within a socioculturally framed system of values. As prac-
titioners and researchers, we see this as relevant in the
clinical setting, but recognise that it is challenging to
explore the topic in a scientifically valid manner. Our
main hypothesis is that over time, existential Un-ease in
the above-mentioned realms might contribute substan-
tially to allostatic load and thereby to the development
of complex, medical dis-ease. The present study was
designed to further test the plausibility of this argument.
For this purpose, we analysed data from the

Norwegian HUNT study. From their comprehensive
questionnaire, we identified questions which we suppose
to shed light on the respondents’ evaluation of self,
experienced purpose in life, well-being, and significant,

social relations. As noted by the US Centres of Disease
Control and Prevention,27 the scientific literature con-
tains a wide range of concepts related to the notion of
health-related quality of life, such as well-being, flourish-
ing, life satisfaction and happiness. We have so far not
found an established term that accommodates our clinic-
ally rooted research question and the applied data set.
We therefore decided to introduce a new term, existen-

tial unease, to describe lack of self-esteem, well-being,
meaning and/or social interrelatedness. The word ‘exist-
ential’ points to existential philosopher Maurice
Merleau-Ponty who most explicitly linked experiences to
subjectivity and the body by emphasising that human
beings by necessity experience the world by means of
their bodies,12 thus providing a framework of relevance
also for medical research in general19 and epidemiology
in particular.14 It is not our primary intention to develop
a new tool for research or clinical practice. Our main
interest is to contribute some new perspectives on the
phenomenon embodiment, particularly with regard to
the aetiology of complex disease and multimorbidity.
To sum up, the aim of this study was to prospectively

explore associations between existential unease, on the
one hand, and indications of general biological disrup-
tion, expressed through an increased risk of developing
multimorbidity, on the other.

STUDY POPULATION AND METHODS
Our data are derived from the HUNT study, a renowned
population-based study carried out in Nord-Trøndelag
County in Norway. It has, to date, had three phases. The
second phase, HUNT2, was carried out in 1995–1997,
whereas HUNT3 took place in 2006–2008. All adults
aged over 20 years and receding in the county were
invited to participate. In total, 65 237 persons (69.5% of
the population) took part in HUNT2 and 50 807
(54.1%) took part in HUNT3. In total, 37 071 persons
(73% of the HUNT3 population) took part in both
phases.28 Participants in the HUNT study have been con-
sidered fairly representative of the Norwegian popula-
tion.29 However, being a rural area, educational levels
and mean income are somewhat lower, and the popula-
tion is more homogenous than in urban areas, in terms
of ethnicity and social gradients.30

The HUNT data were collected by means of question-
naires, physical examinations and blood samples. For
this prospective study, we included participants who took
part in HUNT2 and HUNT3. We identified individuals
who were 20–59 years at baseline and reported 0–1
chronic disease (no multimorbidity), in total 20 365 par-
ticipants. We subsequently compared individuals report-
ing multimorbidity in HUNT3 with those who did not
(see online supplementary figure S1) to explore possible
differences between the groups. Participants aged
60 years or older at baseline were excluded from analysis
as the prevalence of multimorbidity increases steeply in
older age.5
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Selection of items reflecting existential unease
The questionnaires integrated in the HUNT2 survey
were informed by contemporary theoretical frameworks
from various domains, especially sociologist Pierre
Bourdieu’s theories concerning social and cultural
capital,31–33 sociologist Aron Antonovsky’s concept Sense
of Coherence34 35 and the psychological notions of self-
esteem and well-being.36–38 As previously explained, we
purposefully selected questions which we considered
particularly indicative of an existentially, and thereby
also a biologically, demanding lifeworld.12 14

In total, 11 items were included in our analysis.
Together they cover thematically related, but neverthe-
less, distinct perspectives. Two of the items, ‘being satis-
fied with life’ and ‘having a positive opinion of oneself’,
stem from the Rosenberg Self-esteem questionnaire, vali-
dated and predominantly applied in sociological
studies.36 38 The remaining nine were single-item
questions.
The list of questions is presented in online supplementary

appendix 1 as they appeared in the HUNT2 questionnaire.
The response options were then rearranged to have the
reference group of the least stressful or most positive
outcome to be presented at the top. For further ana-
lyses, response options were collapsed and binary vari-
ables were constructed when relevant. Three of the 11
items were originally binary with yes/no answers, but for
the others, the two most unfavourable response options
were combined to indicate existential unease. Finally, a
summation of the binary variables was used as to indi-
cate more distress or unease, and thus, hypothetically, a
higher allostatic load.

Assessment of multimorbidity
Multimorbidity was defined according to international
consensus as two or more coinciding chronic diseases
within the same individual.2 Seventeen chronic condi-
tions were accessible by the same definitions through
the questionnaires from HUNT2 and HUNT3. Eleven of
these were self-reported in response to the question
“have you had or do you have the following medical con-
dition” or “has a doctor said that you have the following
condition?” The definition of the remaining six condi-
tions has previously been described in more
detail.5 Online supplementary appendix 2 shows a list of
the included conditions.
As supplementary analyses, we evaluated adult existen-

tial unease with regard to difficult childhood, to link the
present study to our previous work on difficult child-
hood, allostatic load and adult multimorbidity (see
online supplementary appendix 3 and figure S2).9

Missing data
For estimations of multimorbidity, as well as for the sum-
mation of binary unease factors, missing data were
defined as the absence of the disease or unease item in
question. In statistical analyses of relative risk (RR),

respondents with missing data on each confounder were
defined as a specific group.

Statistical analyses
Descriptive analyses were stratified according to the
development of multimorbidity between the two phases
of the study. The categorical variables were expressed as
frequencies with percentages and continuous variables
as means with SDs.
Poisson logistic regression for prospective data was

used to estimate the RR with 95% CI of multimorbidity
associated with each of the different variables expressing
unease. The variables were analysed independently. All
associations were adjusted for age (continuous) and
gender (woman and man) in model 1. In model 2, we
also included smoking (no or yes to ‘daily use of cigar-
ettes, cigars and/or pipes’), education (primary, second-
ary or university) and physical activity (no activity,
<3 hours of light activity and no hard activity, >3 hours
of light and/or <1 hour of hard activity and 1 hour or
more of hard activity per week). To address possible con-
founding by current undiagnosed depression at base-
line, we conducted additional analyses adjusting for
indication of current depressive symptoms, defined as
eight or more points for depression on the Hospital
Anxiety and Depression Scale (HADS) and presented as
model 3. Assessment was made for possible multicolli-
nearity between the unease variables, which appeared
not to occur.
The same method for Poisson regression was used in

the assessment of RR for binary variables, as well as for
the variable summing all the binary factors, adjusting for
possible confounding by age, gender, smoking, physical
activity and education.
The sum of binary variables for existential unease was

then grouped as 0, 1–2, 3–4 and 5+ and assessed with
regard to developing increasing number of diseases
11 years later as well as with self-reported experience of
childhood.
SPSS statistical program (V.22) was used for all

analyses.
The article was adjusted to STROBE recommendations

for cohort studies in epidemiology.

RESULTS
Prospective data on 20 365 individuals who participated
in HUNT2 and HUNT3 were analysed with respect to
the development of multimorbidity between the surveys
(table 1). In total, 6 277 persons (30.8%) acquired mul-
timorbidity during the 11 years. They were on average
older, more likely to be women and smokers, less physic-
ally active and had lower education.
Table 2 summarises the RR of developing multimor-

bidity associated with each of the 11 items indicating
existential unease. The factors with the strongest associ-
ation are ‘being dissatisfied with life’, ‘having a negative
opinion of self’, ‘having financial worries’, ‘not feeling
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calm and good’ and ‘poor self-rated health’, all having
RRs above 1.4 for the subgroups indicating most distress
in model 2. Adjusting for current depressive symptoms
according to the HAD scale attenuated the RR slightly,
especially for the subgroups indicating most distress as
shown in model 3.
The RRs changed slightly after constructing binary

factors from the unease items (see figure 1). For the
binary model, ‘being dissatisfied with life’, ‘poor self-
rated health’, ‘having sleeping problems affecting work’,
‘not feeling calm and good’ and ‘having financial
worries’, all had a RR above 1.3. When assessing accord-
ing to gender, the results were quite similar, except for
‘not having enough friends’ which was a stronger pre-
dictor for women and ‘boiling with anger but not
showing it’ which was a stronger predictor for men.
We then evaluated the effect of increasing numbers of

unease factors in relation to multimorbidity (figure 2).
There we found a dose–response association in RR from
having one factor, RR being 1.18 (95% CI 1.11 to 1.25)
up to RR 1.81 (95% CI 1.50 to 2.18) for six or more, the
prevalence of multimorbidity being 26.7% for those with
zero factors at baseline and linearly increasing up to
49.2% for those with six or more. Figure 3 shows that
those with no unease factors are more likely to remain
free from multimorbidity after 11 years of follow-up, com-
pared to those reporting unease. With an increasing
number of unease factors, the prevalence of 2, 3 or 4+
diseases at follow-up becomes higher, with 2.8% among
those with no unease factor having 4+ diseases, compared
to 8.8% among those with five or more unease factors.
Finally, we looked at the number of unease factors in

light of self-reported childhood experiences (see online
supplementary figure S2 with comments).

DISCUSSION
In this comprehensive population-based study, baseline
indications of what we conceptualised as ‘existential
unease’ were associated with the risk of developing mul-
timorbidity 11 years later. The increase in RR with an
increasing number of unease indicators suggests some-
thing similar of a dose–response effect as more existen-
tial domains become involved. The findings support our
initial hypothesis that existential unease might contri-
bute to allostatic load and thereby increase the suscepti-
bility to disease in a life-course perspective.
The questions used in our study were originally based

on the sociological and psychological theories (ie, sense
of coherence, social capital, self-esteem and well-being,
as previously mentioned), which were from the begin-
ning theoretically associated with the concept of health.
We will not open a discussion pertaining to the medical
relevance of each particular theory or concept as it was
originally formulated, but highlight that recent research
from a variety of sources sheds light on their biological
relevance. Our findings are, for instance, in concord-
ance with studies of the pathogenic impact of persevera-
tive cognition, ruminations and worries.39

Correspondingly, low self-esteem,40 unfairness,41 lack of
well-being,25 42 work dissatisfaction,43 loneliness,44 lack
of social relationships,45 subjective social–evaluative
threat46 and anger47 have been related to impaired
health. A perceived lack of purpose in life has recently
been connected to allostatic load,48 49 as has compro-
mised sleep quality.50–52

The strong association shown between poor self-rated
health and multimorbidity in our study is concordant
with extensive literature on self-rated health in connec-
tion to disease development and mortality, where it has
been shown to be a powerful independent risk factor.53

However, the strong association shown for many of the
other items, such as ‘dissatisfaction with life’, ‘negative
self-opinion’, ‘financial worries’ and ‘lack of inner calm’,
gives a wider view of how different aspects of our exist-
ence or life world can significantly affect future health.
With regard to the included survey questions, it is not

evident to what extent they all represent precursors of
chronically impaired biological function, as some of
them might tap into an early pathogenic process not yet
manifested as clinical disease. Recent evidence has sug-
gested a relationship between self-rated health and allo-
static load.53 54 In other words, a subjective perception
of poor health might develop concomitantly with, and
not prior to, high allostatic load. The same might, to a
certain extent, pertain to impaired sleep, but according
to our clinical experience and in line with existing evi-
dence55 we also see sleep to be a relevant indicator of
primary unease. Although the exact, causal contribution
of each individual ‘unease’ factor cannot be fully deter-
mined, the clinical relevance of considering such factors
is likely to persist.
Our finding of a dose–response increase in RR of mul-

timorbidity, as well as increasing prevalence of higher

Table 1 Baseline characteristics of participants aged
20–59 years in HUNT2 according to the development of
multimorbidity over a period of 11 years*

Total Multimorbidity

No Yes

n=20 365 n=14 088 n=6 277

Mean age 40.62 (±10.0) 39.45 (±9.94) 43.24 (±9.62)
Gender

Women 10 938 (53.7) 7 201 (51.1) 3 737 (59.5)
Men 9 427 (46.3) 6 887 (48.9) 2 540 (40.5)

Smoking
No 13 272 (65.2) 9 450 (67.1) 3 822 (60.9)
Yes 3 326 (16.3) 2 142 (15.2) 1 184 (18.9)

Physical activity
None 1 018 (5.0) 705 (5.0) 313 (5.0)
Low 5 388 (26.5) 3 494 (24.8) 1 894 (30.2)
Medium 6 669 (32.7) 4 588 (32.6) 2 081 (33.2)
High 6 747 (33.1) 4 979 (35.3) 1 768 (28.2)

Education
Primary 3 900 (19.2) 2 340 (16.6) 1 560 (24.9)
Secondary 10 543 (51.8) 7 390 (52.5) 3 153 (50.2)
University 5 735 (28.2) 4 235 (30.1) 1 499 (23.9)

*Percentages and SDs within brackets as appropriate.
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Table 2 RR of developing multimorbidity within 11 years with regard to different items indicating existential unease in
HUNT2, adjusted for common confounders

Variable

Multimorbidity Model 1* Model 2† Model 3‡

No Yes RR RR 95% CI RR 95% CI

Life satisfaction
Satisfied 7 489 2 781 1.0 1.0 Ref. 1.0 Ref.
Somewhat satisfied 5 060 2 473 1.18 1.16 1.10 to 1.23 1.16 1.10 to 1.23
Neither nor 1 236 836 1.47 1.44 1.33 to 1.56 1.40 1.29 to 1.52
Somewhat dissatisfied 112 90 1.66 1.65 1.33 to 2.03 1.56 1.26 to 1.90
Dissatisfied 49 39 1.60 1.51 1.10 to 2.08 1.39 1.00 to 0.192

Positive self-opinion
Strongly agree 2 253 753 1.0 1.0 Ref. 1.0 Ref.
Agree 9 012 4134 1.13 1.12 1.03 to 1.21 1.11 1.02 to 1.20
Disagree 658 444 1.43 1.38 1.23 to 1.56 1.30 1.15 to 1.47
Strongly disagree 30 22 1.56 1.49 0.97 to 2.27 1.37 0.89 to 2.09

Living a meaningful life
Yes 10 444 4 518 1.0 1.0 Ref. 1.0 Ref.
No 1 391 781 1.23 1.21 1.12 to 1.30 1.15 1.06 to 1.25

Enjoying work
A great deal 3 857 1 626 1.0 1.0 Ref. 1.0 Ref.
A fair amount 6 726 3 066 1.03 1.03 0.97 to 1.09 1.02 0.95 to 1.08
Not much 432 240 1.23 1.21 1.05 to 1.38 1.16 1.01 to 1.33
Not at all 39 20 1.25 1.23 0.79 to 1.91 1.15 0.73 to 1.79

Financial worries
No, never 8 786 3 723 1.0 1.0 Ref. 1.0 Ref.
Yes, though seldom 1 966 908 1.21 1.18 1.10 to 1.27 1.18 1.10 to 1.27
Yes, sometimes 1 016 580 1.36 1.30 1.19 to 1.42 1.30 1.19 to 1.42
Yes, often 254 184 1.58 1.50 1.29 to 1.74 1.46 1.25 to 1.70

Having enough friends
Yes 10 002 4 424 1.0 1.0 Ref. 1.0 Ref.
No 1 973 958 1.12 1.13 1.06 to 1.22 1.10 1.03 to 1.18

Distrusting neighbours
Strongly disagree 4 795 1 941 1.0 1.0 Ref. 1.0 Ref.
Somewhat disagree 3 511 1 491 1.09 1.08 1.01 to 1.15 1.07 1.00 to 1.15
Not sure 2 047 1 057 1.22 1.19 1.10 to 1.28 1.17 1.09 to 1.27
Somewhat agree 1 245 650 1.19 1.14 1.04 to 1.25 1.13 1.03 to 1.23
Strongly agree 322 202 1.21 1.15 0.99 to 1.33 1.13 0.98 to 1.32

Boiling with anger
Almost never 5 237 2 239 1.0 1.0 Ref. 1.0 Ref.
Sometimes 5 571 2 580 1.05 1.03 0.97 to 1.09 1.02 0.96 to 1.08
Quite often 713 345 1.14 1.13 1.01 to 1.27 1.11 0.99 to 1.24
Almost always 267 139 1.14 1.10 0.93 to 1.31 1.09 0.92 to 1.30

Feel calm and good
Almost all the time 5 877 2 325 1.0 1.0 Ref. 1.0 Ref.
Often 4 793 2 184 1.10 1.09 1.03 to 1.16 1.09 1.03 to 1.15
Sometimes 1 352 881 1.39 1.36 1.26 to 1.47 1.3 1.20 to 1.41
Never 47 38 1.71 1.67 1.21 to 2.30 1.47 1.06 to 2.05

Sleeping problems affecting work
No 11 223 4 831 1.0 1.0 Ref. 1.0 Ref.
Yes 770 556 1.39 1.39 1.27 to 1.51 1.34 1.22 to 1.46

Self-rated health
Very good 4309 1037 1.0 1.0 Ref. 1.0 Ref.
Good 8782 4279 1.56 1.51 1.41 to 1.62 1.51 1.41 to 1.62
Not so good 881 886 2.26 2.16 1.97 to 2.37 2.12 1.93 to 2.33
Poor 25 26 2.34 2.24 1.52 to 3.31 2.23 1.50 to 3.23

*Adjusted for age and gender.
†Adjusted for age, gender, smoking, physical activity and education.
‡Adjusted for same as model 2 and current depressive symptoms.
RR, relative risk.
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number of diseases, as the number of existential unease
factors accumulates, is interesting in light of the results
of the ACE study,17 which found a linear increase in
disease prevalence with an increasing number of adverse
experience categories. In both cases, the notion of dose
refers to an increasing number of adversity (or unease)
types, not the intensity or frequency of any one expos-
ure. Our supplementary analysis adds to the picture of
causal relations, as we found that childhood difficulties
are related to existential unease (see online
supplementary figure S2 with comments). In both

instances, it is likely that allostatic load, and eventually
the susceptibility to complex disease, increases with the
number or types of adversity or unease involved.
The demographic difference between the groups

developing multimorbidity and remaining healthy in
our study is in line with current literature.1 3

Multimorbidity is generally more prevalent in older
populations and lower socioeconomic groups, and shows
a gendered pattern with higher prevalence in women.1 3

Figure 1 RR of developing
multimorbidity within 11 years
with regard to different binary
factors indicating existential
unease in HUNT2, adjusted for
possible confounders. RR,
relative risk.

Figure 2 RR of developing multimorbidity within 11 years
according to an increasing number of factors indicating
existential unease in HUNT2, adjusted for possible
confounders and with zero factors as reference. RR, relative
risk. Figure 3 Prevalence of different numbers of diseases in

HUNT3 with regard to an increasing number of factors
indicating existential unease in HUNT2. RR, relative risk.
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However, in our study, the impact of unease items on
disease development did not differ between genders.
The almost equal effect suggests that although the
impact of specific types of adversities or distress might
be gendered, experiencing unease as such might under-
mine health in men and women.
Another interesting finding in our study was the small

changes in RRs for multimorbidity development after
adjusting for confounders. Adjusting for physical activity,
smoking and educational level attenuated the findings
only slightly. The same was the case when adjusting for
current depressive symptoms. This concords with litera-
ture showing that current depressed mood might not be
a confounder but a mediator when evaluating subjective
experience.56 In our study, however, the effect of these
factors appears to be weak.

Strength and limitations of the empirical analysis
The main strength of our analysis lies in the generally
high quality of the HUNT database.30 The fact that the
HUNT population is ethnically quite homogenous and
relatively affluent, with good and equitable access to
primary healthcare,29 is also a strength, as it lowers the
potential for confounding by socioeconomic factors not
fully accounted for in the analysis. However, as the
HUNT study was not designed with the present study in
mind, some limitations apply. The 17 diagnoses available
for assessing self-reported multimorbidity were fewer
than would have been ideal for a comprehensive assess-
ment. However, a count of 12 or more chronic condi-
tions should lead to a fair evaluation of multimorbidity.1

A similar problem arose regarding the definition of the
phenomenon we termed ‘existential unease’. This cat-
egory is not based on a validated battery of questions,
but on a purposeful collection of items which we
deemed particularly relevant on the basis of clinical
experience and existing evidence, allowing for reflection
on empirical data in light of theoretical or experiential
preknowledge. This might represent a methodological
weakness, but from the perspective of innovation, it can
be seen as a strength. Our approach sheds new light on
the biological relevance of various established psycho-
social concepts and theories and thereby might contrib-
ute to increased appreciation of the broad relevance of
the epidemiological concept embodiment. Another
potential methodological weakness is selection bias
occurring between the two survey phases. A comparison
between participants and non-participants in HUNT3
showed that the latter were older, weaker and with more
morbidity.28 57 It is possible that some of the individuals
who experienced substantial worsening of their health
between the two phases were lost to follow-up. This
might imply underestimation of the multimorbidity
prevalence in HUNT3.

Conclusions and implications
Based on data from an unselected, general Norwegian
population, the present prospective study demonstrates

an intriguing connection between subtle indicators of
existential unease and the development of multimorbid-
ity later in adult life. The RR of multimorbidity rose as
the number of statements reflecting unease increased.
The findings are concordant with an increasing body of
literature describing how distressing challenges tend to
affect the human physiology by rising allostatic load,
whereby undermining health through embodiment of
the ‘wear and tear’7 of a burdening everyday life.
From the perspective of primary care, our findings

highlight the importance of an encompassing, person-
centred approach, not the least in the face of complex
disease and multimorbidity.58 59 Subjective experiences
pertaining to the self, one’s life project and relationships
with other people apparently matter, in a literal sense.
As we conclude so, it is, however, not our intention to
medicalise every aspect of the human lifeworld and
suggest that human happiness should be subjected to
systematic, medical surveillance.60 What we hope to
contribute to is a more comprehensive medical
understanding that does justice to the human nature.61

This is ultimately a fundamental prerequisite for good
healthcare.
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