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Abstract 

Background:  Health anxiety (HA) is defined as a worry of disease. An association between HA and mental illness has 
been reported, but few have looked at the association between HA and physical disease.

Objective:  To examine the association between HA and number of diseases, different disease categories and cardio-
vascular risk factors in a large sample of the general population.

Methods:  This study used cross-sectional data from 18,432 participants aged 40 years or older in the seventh survey 
of the Tromsø study. HA was measured using a revised version of the Whiteley Index-6 (WI-6-R). Participants reported 
previous and current status regarding a variety of different diseases. We performed exponential regression analyses 
looking at the independent variables 1) number of diseases, 2) disease category (cancer, cardiovascular disease, diabe-
tes or kidney disease, respiratory disease, rheumatism, and migraine), and 3) cardiovascular risk factors (high blood 
pressure or use of cholesterol- or blood pressure lowering medication).

Results:  Compared to the healthy reference group, number of diseases, different disease categories, and cardiovas-
cular risk factors were consistently associated with higher HA scores. Most previous diseases were also significantly 
associated with increased HA score. People with current cancer, cardiovascular disease, and diabetes or kidney disease 
had the highest HA scores, being 109, 50, and 60% higher than the reference group, respectively.

Conclusion:  In our general adult population, we found consistent associations between HA, as a continuous meas-
ure, and physical disease, all disease categories measured and cardiovascular risk factors.

Keywords:  Health anxiety, Whiteley index, Epidemiology, Chronic diseases, Cardiovascular risk factors

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Health anxiety (HA) is defined as a worry of disease 
ranging from mild worry to excessive anxiety [1–3], 
although previous research has most commonly 
employed cut-offs to define high HA. HA is associated 
with both increased healthcare use [4] and disability 

benefits [5]. In a general population, people with a his-
tory of HA are substantially more likely to experience 
at least one physical or mental health disorder [6]. The 
prevalence of people living with a physical disease is 
growing due to an aging population and improvements 
in diagnostics and treatment [7, 8]. Further, primary 
prophylactic treatment of cardiovascular risk factors is 
increasing due to routine screening [9] and a decline 
in the cut-off used to define people at risk. Although 
screening for cardiovascular risk factors has not led 

Open Access

BMC Primary Care

*Correspondence:  anja.davis.norbye@uit.no

Department of Community Medicine, UiT the Arctic University of Norway, 
Postbox 6050, Langnes, 9037 Tromsø, Norway

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12875-022-01749-0&domain=pdf


Page 2 of 10Norbye et al. BMC Primary Care          (2022) 23:140 

to an increase in mental distress [10], we have little 
knowledge about the association with HA. Therefore, 
the association between HA and physical disease and 
cardiovascular risk factors deserves increased atten-
tion and relevance in clinical work.

The association between HA and physical dis-
ease has mostly been explored within specific patient 
groups. High HA has been reported in several patient 
populations with different physical diseases, such as 
cancer [11], cardiovascular disease [12, 13], diabetes 
[14], and kidney disease [15]. In addition, different 
studies have examined disease-specific anxiety such 
as fear of cancer recurrence [16], fear of hypoglycae-
mia [17], and cardiac anxiety [18]. However, a recent 
review [19] proposed that these are dimensions of the 
broader HA concept, and pointed out that disease-
specific measurements in disease-specific populations 
make comparison between different diseases difficult.

The association between HA and physical disease 
and risk factors for disease has been less explored in 
the general population; only three studies on the topic 
have been published, with inconsistent results [6, 20, 
21]. To our knowledge, only one study, published by 
Noyes and colleagues in 2000, has examined the asso-
ciation between HA and various diseases in a general 
adult (aged 40-65 years) population [22]. They found 
that high blood pressure, stroke, and chronic lung dis-
ease were associated with high HA. All of these stud-
ies used a single cut-off to dichotomise high and low 
HA, and to-date, no one has looked at this association 
while measuring HA as a continuous construct. HA 
is reported to be unequally distributed in the popula-
tion [2], with no clear cut-offs to define high HA. In 
accordance with Rachman [1] and Ferguson [3], we 
support the idea that HA in the general population 
should be assessed as a continuous construct.

The aim of the present paper was to examine the 
association between HA and 1) number of diseases, 2) 
different disease categories, and 3) cardiovascular risk 
factors in a large sample of the general population.

Methods
Study design and population
The Tromsø study is a large Norwegian population-based 
health survey, where inhabitants of the municipality 
of Tromsø have been invited to seven different sur-
veys (Tromsø 1-7) since in 1974 [23]. The present paper 
used cross-sectional, self-reported data from Tromsø 7, 
which was conducted in 2015-2016. All inhabitants aged 
40 years or older (n = 32,591) were invited by post and 
received two reminders to participate. Informed consent 
was given upon attendance, where both self-reported and 
clinical measures were collected. This study only utilized 
self-reported measurements. Of the invited participants 
to the Tromsø 7, 21,083 gave informed consent and par-
ticipated in this study (response rate of 65%). Only infor-
mation concerning age and gender of non-participants 
were collected.

Variables
Dependent variable
We measured HA using a validated and modified one-
factor, six-item Whiteley Index-6 (WI-6-R) (Table  1), 
which was included in the Tromsø 7 questionnaire. The 
WI-6-R has satisfactory psychometric properties [24] in a 
general population. Respondents answered each item on 
a 5-point Likert scale (0=“not at all”, 1=“to some extent”, 
2 = “moderately”, 3=“to a considerable extent”, 4=“to a 
great extent”). Item scores were then summed to create 
a HA score ranging from 0 to 24, with higher scores indi-
cating higher HA.

Independent variables
Participants gave information on the following diseases: 
heart failure, atrial fibrillation, angina pectoris, myocar-
dial infarction, stroke, diabetes, kidney disease, chronic 
bronchitis/emphysema/chronic obstructive pulmonary 
disease, asthma, cancer, rheumatoid arthritis, osteoar-
thritis, and/or migraine. Response options were “no”, 
“yes, now”, or “previously, not now” for each disease 
except myocardial infarction and stroke, where only “no” 
and “previously, not now” were possible. Participants also 

Table 1  Questions included in the Whiteley Index-6-R

Item Text

1 Do you think there is something seriously wrong with your body?

2 Do you worry a lot about your health?

3 Is it hard for you to believe the doctor when he tells you there is nothing to worry about?

4 Do you often worry about the possibility that you have a serious illness?

5 If a disease is brought to your attention (e.g., via TV, radio, internet, newspapers or some-
one you know), do you worry about getting it yourself?

6 Do you have recurring thoughts about being ill that are difficult to get off your mind?
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reported cardiovascular risk factors (high blood pressure, 
use of blood pressure lowering medication, or use of cho-
lesterol lowering medication), now or previously.

When examining the association between HA score 
and number of diseases (number of diseases analysis), 
participants were categorised according to number of 
diseases (0, 1, 2, 3, > 4), past or current, and cardiovas-
cular risk factors were not counted as diseases. When 
examining the association between HA score and disease 
category (disease category analysis), we grouped the dif-
ferent diseases into eight disease categories, and cardio-
vascular risk factors were included as a separate category 
(Table 2).

Confounders
We included four groups of possible confounders in the 
analyses: disease-related variables, socioeconomic, social 
network, and demographic variables, all of which were 
taken from the Tromsø 7 questionnaire. The disease-
related variables included disease in first-degree relatives 
and self-reported mental illness by the Hospital Anxiety 
and Depression Scale (HADS). Participants were asked 
if their first-degree relatives had any of the following: 
angina pectoris, stroke, asthma, diabetes, breast can-
cer, prostate cancer, colon cancer, or myocardial infarc-
tion before the age of 60. Participants were categorised 
as “yes” if they reported that their first-degree relatives 
had one or more of these diseases, and “no” if they had 
none of them. Disease in first-degree relatives was cho-
sen as a confounder as we hypothesised that HA may be 
affected by disease in close family [1], and since many 
of the diseases can be hereditary. Mental illness is asso-
ciated with HA [6] and physical disease [25–27]. We 
therefore included the measurement tool HADS [28] as 
a confounder. HADS is a questionnaire based on partici-
pants’ responses to 14 questions concerning symptoms of 
anxiety and depression in the last week, with a total range 
of 0-42. Due to the diverse use of cut-offs for HADS total 

score [29], we used HADS as a continuous measure, 
except for descriptive purposes.

Socioeconomic variables were considered confound-
ers based on associations with both HA [2] and physi-
cal disease [30]. Participants reported highest level of 
completed education (primary education up to 10 years 
of schooling, vocational/upper secondary education 
≥3 years, college/university < 4 years, or college/univer-
sity ≥4 years) and annual household income, which was 
categorised as low (NOK < 451,000), lower middle (NOK 
451-750,000), upper middle (NOK 751000-1 million), or 
high (NOK > 1 million). There were two social network 
variables: participation in organised activities and friend-
ship. Both are associated with HA [2] and physical dis-
ease [31]. Response options for participation in organised 
activities were “never or just a few times a year”, “1-2 
times a month”, “approximately once a week”, or “more 
than once a week”. The friendship variables included two 
questions: “Do you have enough friends who can give 
you help and support when you need it?” and “Do you 
have enough friends with whom you can talk confiden-
tially?” Response options were “yes” and “no”, and these 
were merged and coded as “no”, for those who answered 
“no” to both questions; “to some extent”, for those who 
answered “yes” to only one question; and “yes”, for those 
who answered “yes” to both questions. Finally, demo-
graphic variables included gender and age as of 31 
December 2015.

Statistical analyses
No participants were excluded prior to the analyses, but 
missing values were consequently excluded in the analy-
ses and all results are therefore presented as complete-
case. In the disease category analysis, disease categories 
were exclusive, thus participants with diseases in two dif-
ferent categories (e.g. cancer and angina pectoris) were 
excluded. However, participants were not excluded if 
they had cardiovascular risk factors in addition to a spe-
cific disease category, e.g. high blood pressure in addition 

Table 2  Overview of disease categories and respective included diseases from the Tromsø study: Tromsø 7 (2015-2016)

Disease category Included diseases

No disease None of the below mentioned

Cancer Cancer

Cardiovascular disease Heart failure, atrial fibrillation, angina pectoris, myocardial infarction, stroke

Diabetes or kidney disease Diabetes, kidney disease

Respiratory disease Asthma, chronic bronchitis/emphysema/chronic obstructive pulmonary disease

Rheumatism Rheumatoid arthritis, osteoarthritis

Migraine Migraine

Cardiovascular risk factors High blood pressure, use of blood pressure or cholesterol lowering medication
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to cancer. Participants could state several diseases within 
each disease category, e.g. angina pectoris and heart 
failure. If they answered “previously, not now” for one 
disease and “yes, now” for another within the same dis-
ease category, they were categorised as “yes, now”. We 
set the reference group for all analyses as participants 
who reported both no current or previous physical dis-
ease and no cardiovascular risk factors (healthy reference 
group).

In the descriptive analyses, frequency distributions are 
presented for categorical variables, and mean (Standard 
deviation, SD) median [quartiles 1, 3] for continuous var-
iables. All analyses were performed with STATA version 
16.1 (STATA Corp LP, College Station, Texas, USA).

Due to the non-normal and highly skewed distribu-
tion of the dependent variable HA, we used bivariate and 
multivariate exponential regression analyses to detect 
associations. The regression coefficients in the esti-
mated models are presented with the exponentiated beta 
[exp(b)], where exp.(b) describes the percentage change 
in the WI-6-R score relative to the reference category for 
the different other categories.

The unadjusted regression model included the disease 
category independent variable, and the adjusted model 
adjusted for all specified confounders. We tested for two 
possible interactions: physical diseases and education 
and physical diseases and age, with the hypotheses that 
people with a higher education level would have more 
resources to handle disease, and that younger and older 
participants would deal with illness differently. However, 
no interactions were evident.

Ethics
The study was conducted in accordance with the Dec-
laration of Helsinki and was approved by the Regional 
Committee for Medical and Health Research Ethics (REC 
North) in Norway (ID 2016/1793). All participants gave 
written informed consent before admission.

Results
Participant characteristics
Of the 21,083 Tromsø 7 participants (age range: 
40-99 years; mean 56, SD 11), 52.5% were women. Sup-
plementary Table  1 shows participant characteristics of 
the confounders. In total, 18,432 participants had com-
plete information on the number of diseases and cardio-
vascular risk factors. Of these, 17,997 had completed the 
WI-6-R. The mean (SD) median [quartiles] HA score was 
3.26 (3.39), 2[1,5] out of 24 points in the population, and 
HA scores increased with increasing number of diseases 
(Table 3).

For all the investigated disease variables, having no dis-
ease was the most common, with increased HA observed 

among those with one or more diseases, those who fell 
into any disease category, and those with cardiovascular 
risk factors. For most diseases, the mean HA score was 
higher among those with current disease compared to 
those with previous disease.

Association between health anxiety, physical disease, 
and cardiovascular risk factors
There was a significant, positive association between HA 
score and number of diseases, and between HA score and 
disease categories (Table 4). In the fully adjusted model, 
participants reporting one physical disease had 29% 
higher HA scores than the healthy reference group, and 
participants with four or more physical diseases had a 
two-fold increase in HA scores compared to the healthy 
reference group. HA was consistently associated with all 
disease categories, with higher HA scores in all disease 
categories compared to the healthy reference group.

For all disease categories, current disease was associ-
ated with higher HA scores than previous disease. More-
over, in most disease categories except previous diabetes 
or kidney disease and previous rheumatism, those with 
previous disease had higher HA scores than the healthy 
reference group. Participants with current cancer had the 
highest HA scores; twice as high as in the healthy refer-
ence group. Participants with current cardiovascular 
disease and current diabetes or kidney disease had an 
increase in HA scores of 50 and 60%, respectively, com-
pared to the healthy reference group. Participants with 
cardiovascular risk factors also had a significant, 24% 
increase in HA scores compared to the healthy reference 
group.

Discussion
The aim of our study was to explore the association 
between HA and physical disease. We found several 
important and consistent results: Increasing number 
of diseases was associated with significantly higher HA 
scores. Both people reporting current and previous dis-
ease had higher HA scores compared to the healthy refer-
ence group. Cancer, cardiovascular diseases, and diabetes 
or kidney disease showed the strongest association with 
HA. Finally, participants with cardiovascular risk fac-
tors had significantly higher HA scores than the healthy 
reference group. To our knowledge, this is the first paper 
to demonstrate how HA is associated with both number 
of physical diseases, different disease categories, current 
and previous disease, and cardiovascular risk factors in 
the general population.

The HA scores we observed among those with four or 
more diseases were twice as high as scores among those 
with no diseases, and we believe this to be a novel find-
ing. Although some studies have found an association 
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between high HA and having a disease [6, 20], only one 
previous study has examined the association between 
HA and the number of physical diseases [21]. In con-
trast to our study, they did not find any significant asso-
ciation between HA and increasing number of diseases. 
However, they used a cut-off to dichotomise high and 
low HA, which might have obscured a significant trend. 
Unlike previous studies that used different cut-offs to 
measure HA [6, 21, 22], we utilised HA as a continuum, 
which may better represent the phenomenon of HA.

As this is a cross-sectional study, it cannot determine 
causality. We speculate that the observed association 
may be explained by the presence of disease increasing 
the risk of having higher HA score [19]. However, high 
HA is also associated with high healthcare use [4], which 
may increase the probability of acquiring a diagnosis. 
In addition, we do not know if HA is itself is a risk fac-
tor for future disease. High levels of HA has been found 
associated with increased risk for ischaemic heart disease 
[32], whereas Knudsen and colleagues [33] found that 

Table 3  Mean (SD) and median [quartiles 1, 3] health anxiety (HA) score according to number of physical diseases, disease category, 
and cardiovascular risk factors. Data from The Tromsø study: Tromsø 7 (2015-2016)

Mean (SD), median [quartiles] HA score 
as indicated by the Whiteley Index-6-R

N Percent

Number of physical diseases, 5 categories None 7231 43% 2.28 (2.83), 1 [0-4]

One disease 5801 35% 2.92 (3.14), 2 [0-4]

Two diseases 2342 14% 3.54 (3.53), 3 [1-5]

Three diseases 818 5% 4.23 (3.73), 3 [1-6]

Four or more diseases 389 2% 4.80 (4.24), 4 [2-7]

Total 16,581

Disease category

  Cancer No 7231 93% 2.28 (2.83), 1 [0-4]

Previously, not now 450 6% 2.84 (3.14), 2 [0-4]

Yes, now 127 2% 4.59 (4.09), 4 [1-6]

Total 7808

  Cardiovascular disease No 7231 88% 2.28 (2.83), 1 [0-4]

Previously, not now 694 8% 2.95 (3.05), 2 [0-5]

Yes, now 295 4% 3.51 (3.66), 2 [1-5]

Total 8220

  Diabetes or kidney disease No 7231 93% 2.28 (2.83), 1 [0-4]

Previously, not now 154 2% 2.70 (2.76), 2 [1-4]

Yes, now 371 5% 3.65 (3.62), 3 [1-5]

Total 7756

  Respiratory disease No 7231 87% 2.28 (2.83), 1 [0-4]

Previously, not now 355 4% 2.66 (2.72), 2 [0-4]

Yes, now 724 9% 3.02 (3.28), 2 [1-4]

Total 8310

  Rheumatism No 7231 81% 2.28 (2.83), 1 [0-4]

Previously, not now 130 1% 2.12 (2.90), 1 [0-4]

Yes, now 1620 18% 2.97 (3.15), 2 [1-5]

Total 8981

  Migraine No 7231 84% 2.28 (2.83), 1 [0-4]

Previously, not now 629 7% 2.67 (2.84), 2 [0-4]

Yes, now 779 9% 2.86 (3.17), 2 [0-5]

Total 8639

  Cardiovascular risk factors No 7231 78% 2.28 (2.83), 1 [0-4]

Yes 2096 22% 2.65 (2.86), 2 [0-4]

Total 9327
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high HA was associated with increased cancer incidence 
in men. Further, no association was found between HA 
and cancer incidence in a cohort of women, but high HA 
was associated with increased all-cause mortality [34]. 
To better examine and understand causal directionality 
in the relationship between HA and different diseases, 
and to investigate if gender influences the role of HA, a 
cohort study design is warranted.

The association between HA and different diseases
We found significant associations between HA scores 
and all disease categories investigated in this study, which 
included the most common non-communicable chronic 
diseases. Our results are in accordance with previous 
findings of high HA in patient populations [11, 14, 15, 
18, 35]. Current cancer, cardiovascular diseases, and dia-
betes or kidney disease was associated with the highest 
HA scores. Fear of cancer and cardiovascular disease is 

common in people with HA [1, 36]. Having current dia-
betes or kidney disease was also highly associated with 
HA scores in this study. Diabetes control requires strict 
adherence and bodily monitoring. Fear of complications 
was strongly associated with HA in a previous popula-
tion of patients with diabetes [14], and may explain the 
high association between HA and this disease category in 
our study. Assuming that the diseases occurred prior to 
the HA, it could be reasonable to suggest that the bodily 
monitoring and fear of the fatal outcome may explain the 
high associations in this general population.

Another consistent finding was that those reporting 
previous disease had lower HA scores than those with 
current disease, but they had still higher scores than the 
healthy reference group. Although most of the diseases 
included in our study are considered chronic, their symp-
toms can be reduced by proper treatment. We there-
fore speculate that some of our participants may have 

Table 4  Association between health anxiety score and number of diseases, and between health anxiety score and disease category, 
presented with exponential regression coefficients. Data from The Tromsø study: Tromsø 7 (2015-2016)

a Confounders included: age, sex, education, household income, disease in first-degree relatives, HADS score, friendship, and participation in organised activity. b 
Significant below 0.05 level. c Significant below 0.01 level. CI Confidence interval

Unadjusted model Adjusted modela

Exp(b) 95% CI Exp(b) 95% CI

Number of diseases, 5 categories None 1 1

Unadjusted model, N = 16,169
Adjusted model, N = 13,971

One disease
Two diseases
Three diseases
Four or more diseases

1.28c

1.55c

1.85c

2.11c

1.23 – 1.32
1.48 – 1.63
1.72 – 2.00
1.90 – 2.34

1.29c

1.53c

1.89c

2.09c

1.24 – 1.34
1.45 – 1.61
1.74 – 2.05
1.85 – 2.36

Disease category

  Cancer No 1 1

    Unadjusted model, N = 7655 Previously, not now 1.24c 1.13 – 1.37 1.32c 1.18 – 1.46

    Adjusted model, N = 6761 Yes, now 2.01c 1.68 – 2.41 2.19c 1.80 – 2.69

  Cardiovascular disease No 1 1

    Unadjusted model, N = 8047 Previously, not now 1.30c 1.19 – 1.43 1.29c 1.17 – 1.40

    Adjusted model, N = 7076 Yes, now 1.44c 1.31 – 1.59 1.50c 1.31 – 1.72

  Diabetes or kidney disease No 1 1

    Unadjusted model, N = 7597 Previously, not now 1.18b 1.01 – 1.39 1.13 0.95 – 1.34

    Adjusted model, N = 6702 Yes, now 1.60c 1.43 – 1.78 1.60c 1.42 - 1.81

  Respiratory disease No 1 1

    Unadjusted model, N = 8149 Previously, not now 1.17b 1.05 – 1.30 1.13b 1.01 – 1.26

    Adjusted model, N = 7208 Yes, now 1.32c 1.23 – 1.43 1.36c 1.25 – 1.48

  Rheumatism No 1 1

    Unadjusted model, N = 8776 Previously, not now 0.93 0.78 – 1.11 1.05 0.87 – 1.27

    Adjusted model, N = 7694 Yes, now 1.30c 1.23 – 1.38 1.38c 1.29 – 1.47

  Migraine No 1 1

    Unadjusted model, N = 8478 Previously, not now 1.17c 1.08 – 1.27 1.12b 1.03 – 1.21

    Adjusted model, N = 7551 Yes, now 1.26c 1.17 – 1.35 1.13c 1.03 – 1.23

  Cardiovascular risk factors No 1 1

    Unadjusted model, N = 9132 Yes 1.16c 1.10 – 1.23 1.24c 1.17 – 1.31

    Adjusted model, N = 8014
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some disease, but proper management of that disease 
decreased both their symptom burden and HA.

Interestingly, we found a significant association 
between HA and cardiovascular risk factors, with a coef-
ficient similar to coefficients for migraine and respira-
tory disease. The impact of a 24% increase in HA score 
in otherwise healthy persons indicates a potential health 
burden on a population level. In Norway, the proportion 
of 70-74-year-olds taking blood pressure- or cholesterol 
lowering medication is increasing [37]; and was as high as 
57% in 2016 [38]. Primary healthcare in Norway is well-
functioning [39]. It is reasonable to assume that those 
who report a cardiovascular risk factor receive treatment, 
and thereby are at lowered risk for future cardiovascular 
disease. It is therefore interesting that we observed such a 
pronounced association between cardiovascular risk fac-
tors and HA. This significant association is important in 
the discussion of adverse effects in identifying people “at 
risk”.

Possible cohort effect
Older age is associated with lower HA [40], and as physi-
cal diseases are more prevalent in older individuals, we 
hypothesised that the association between HA and dis-
ease may differ by age. However, we did not find any 
significant interaction, indicating that having a disease 
is not associated with higher HA in younger (40 years) 
compared to older age groups. Moreover, mean HA has 
increased in student populations in the past three dec-
ades [41], and if there is, in fact, a cohort effect, it is likely 
that today’s youth may experience an even higher HA 
later in life due to the increased prevalence of disease in 
older age groups.

Methodological considerations
As this study uses a cross-sectional study design, we 
cannot determine whether HA occurs prior to the dis-
ease or in response to the disease, and caution should 
be taken when making assumptions of the directions 
of associations. Nevertheless, we believe that this study 
shows novel findings of associations in a general popula-
tion, which may lay the foundation for future prospective 
studies.

A strength of this study is the large, representative 
sample from the general population, which enabled 
us to examine the association between HA and differ-
ent diseases. We chose to use a validated measurement 
tool, which is a strength in the research field of HA, and 
used a revised version that distinguished the cognitive 
construct of illness worry from the presence of physi-
cal symptoms [24]. Comparisons between studies are 
difficult due to the use of different HA measurement 
tools [19] as well as reporting of different diseases [7]. 

Although our results align with studies in other coun-
tries [6, 22] and patient populations [11, 12, 14, 15], 
our sample is exclusively from inhabitants in a specific 
geographic region in Norway, and replication in other 
populations would allow for further generalisation of 
the results.

All our data on the occurrence of disease was self-
reported, and any misclassification may be due to recall 
bias. If the reporting of disease is related to HA, e.g. if 
those with low HA under-report disease more than those 
with higher HA, this could bias our results. However, a 
Norwegian study examining consistency among self-
reported diagnoses and clinical registries found good 
overall consistency [42].

In our study, we asked about current or previous dis-
ease, not duration of disease. One article examining HA 
in cancer patients found that HA was consistent over 
time after diagnosis and also during remission [43], and 
high HA has also been described as stable over time [44]. 
However, one study carried out in a sample of patients 
with diabetes found that high HA was most highly asso-
ciated with a recent diagnosis [14]. Another factor con-
cerning morbidity is severity of disease (risk of fatal 
outcome, the need for disease monitoring, chronic dis-
ability, etc.), as most of the diseases in our disease catego-
ries may have a wide range of severity. Interestingly, Tu 
et  al. [15] found that increased HA was independent of 
kidney disease severity. However, as disease severity and 
duration may have influenced participants’ responses, the 
lack of this information may increase any heterogeneity 
of the associations presented.

The introduction to the questionnaire, stating the time-
frame of the past 12 months, was omitted in the survey. 
This limits our knowledge of the timeframe during which 
the participants answered. Although severe HA has been 
found to be stable over time [44], this is unknown for 
people with lower HA scores.

As in all survey research, selection bias may occur. 
Unfortunately, we have no information on factors related 
to non-response in the Tromsø 7, other than age and 
gender. However, a similar survey found that chronic 
diseases, e.g. diabetes, was related to non-attendance 
[42], indicating that survey populations may be healthier 
than non-respondents. Although not previously exam-
ined, it has been hypothesised that, in contrast to other 
mental illnesses, people with HA attend studies that are 
advertised as a “health check-up” [5], which was done 
in Tromsø 7. If the participants in the Tromsø 7 were 
healthier, whilst having higher HA, our results may be 
biased towards the null.

As Lebel et  al. [19] pointed out, there is an overlap 
between disease-specific measures and HA. Although 
disease-specific HA may be more precise than the more 
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general concept of HA, we believe that HA should be 
used in a larger and comparative perspective.

Clinical implications
Our study demonstrates a consistent trend in the asso-
ciation between HA and physical disease which con-
firms knowledge from clinical practice and highlights the 
importance of assessing and addressing HA in patients 
with either current or previous disease. Past research has 
shown associations between HA and a wide range of dis-
eases in patient populations. In line with those results, 
we suggest that while the proportion of HA may not vary 
considerably between diseases, the mere presence of 
disease is associated with higher HA. This association is 
relevant from a clinical perspective, as over 50% of our 
study sample had one or more diseases (Table 3). Severe 
HA is associated with a wide range of negative conse-
quences, such as functional impairment, activity limita-
tions, psychological distress [6], and increased healthcare 
use and work disability [4, 5, 45], and should be managed 
through targeted treatment to reduce associated negative 
consequences. However, as we have found in this study, 
increasing number of diseases is associated with higher 
HA, but overall, HA remains low. However, some stud-
ies found an association between lower HA score and 
higher healthcare use [46, 47] and therefore we do not 
know how low HA is relevant from a clinical perspective. 
From a healthcare systems perspective, it is important to 
account for HA in the management of disease, particu-
larly in those with increased number of physical diseases. 
Even when HA is not severe enough to require diagno-
sis and targeted treatment, we believe it important that 
healthcare personnel acknowledge and address the addi-
tional burden that HA may place on persons with current 
or previous physical disease and those with cardiovascu-
lar risk factors.

Conclusion
In our general adult population, we found consistent 
associations between HA and physical disease and car-
diovascular risk factors. The highest HA scores were 
found among those with four or more diseases and par-
ticipants with current cancer, but the positive association 
was consistent in all disease categories and cardiovascu-
lar risk factors. Previous disease was also associated with 
increased HA. Our results indicate that HA should merit 
closer attention in future research on populations with 
physical disease and risk factors for disease.
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