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Abstract

Background: Studies suggest increased risk for an outcome in people with joint exposures that share common
causal pathways. The objective of this study was to determine the risk of incident acute myocardial infarction (AMI)
following exposure to both albuminuria and/or anxiety and depression symptoms.

Methods: Participants who provided urine samples to the HUNT2 (1995-97) or HUNT3 (2007-2009) surveys were
followed until the end of 2016. Albuminuria was measured by Albumin Creatine Ratio (ACR) and participants self-
reported mood and anxiety symptoms on the Hospital Anxiety and Depression scale. We used Cox regression to
estimate hazard ratios (HRs) for first incident AMI considering interaction between exposures and additive models to
calculate the proportion of AMI that were attributable to the synergy of both exposures, adjusted for the Framingham
variables.

Results: Eleven thousand fourteen participants free of previous AMI were eligible for participation, with 1234 inci-
dent AMIs occurred during a mean 13.7 years of follow-up. For participants who had a healthier CVD risk profile, the
HR for AMI of having both albuminuria (3-30 mg/mmol) and depression (>8) was 2.62 (95% 1.12-6.05) compared
with a HR 1.34 (95% Cl 1.04-1.74) with raised ACR only (Likelihood Ratio-test 0.03). Adding anxiety (>8) to albuminuria
(3-30) tripled the risk (HR 3.32 95% Cl 1.43-7.17). The additive models suggest that these risks are not higher than
expected based on each risk factor alone.

Conclusions: This study indicate that the risk of AMIin persons with elevated albuminuria but with an otherwise
healthy CVD profile might be amplified by anxiety and depression symptoms. The increased risk with joint risk factors
is not higher than expected based on each risk factor alone, which indicate that the risk factors do not share causal
pathways.
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Key messages

+ Additional depression or anxiety symptoms to albu-
minuria gives respectively 2- and 3-fold heightened
risk of future AMI in younger persons with a healthy
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+ Our findings indicate that the progression of neu-
ropsychiatric disorders, neuroprogression overlap
with progression of somatic disorders, somatopro-
gression.

« Future studies should assess if interventions targeted
to the group at risk would decrease AMI risk.

Background

Despite recent medical advances and a decline in overall
incidence, acute myocardial infarction (AMI) remains a
major public health problem [1]. The traditional risk fac-
tors for cardiovascular disease described in the Framing-
ham Heart Study are age, sex, diabetes, antihypertensive
treatment, systolic blood pressure, smoking and lipids
(total cholesterol and HDL cholesterol) [2]. However,
both chronic kidney disease and severe mental illness
have been identified as independent risk factors for AMI
in the updated QRISK3 [3], another cardiovascular dis-
ease risk prediction tool. For kidney disease, an increased
risk of AMI is observed from the early asymptomatic
stages detected by an elevated Albumin Creatine Ratio
(ACR) in urine (albuminuria) [4]. Even low levels of
albuminuria (previously called microalbuminuria) [5-8]
are associated with increased risk of AMI, and this risk
increases linearly with increasing ACR [9, 10]. For mental
illness, self-reported symptoms of depression are associ-
ated with a mild to moderate increased risk for AMI [11]
and a formal diagnosis is likely to double the risk [12, 13].
This gradient in risk of AMI from symptoms to diagno-
sis of depression is thought to represent a dose-response
effect of the exposure [11] and mental distress such as
anxiety and depression show risk gradients comparable
to that of elevated cholesterol [14]. Whilst the evidence
regarding the connection between depression and AMI
is well established [15], a more conflicting evidence
base exists regarding anxiety symptoms [16]. However,
depression and anxiety, both at symptomatic and diag-
nostic levels, often coexist, and this coexistence often
represents a more severe phenotype than single condi-
tion alone [13, 16].

In circumstances with shared biological pathways
towards disease, the risk of having both exposures would
be expected to be higher than the addition of the sepa-
rate effect of each exposure [17-19]. There is evidence
for shared pathophysiological pathways of depression/
anxiety, albuminuria and cardiovascular diseases, where
inflammation and endothelial dysfunction are central for
several conditions [16, 20, 21]. However, today the risk
for disease is mostly assessed with single conditions and
not based on synergistic effects [17].

Therefore, we aimed to evaluate and compare the
risk of AMI in people with single or joint exposures of
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elevated ACR and depression or anxiety symptoms
in persons free of CVD or overt kidney disease. This
hypothesis has not yet been evaluated and could be of
clinical importance to reduce the increased risk of AMI
for persons with depression or anxiety symptoms or with
elevated ACR levels or both.

Methods

Study population

The HUNT Study regularly invites the total adult popu-
lation in the northern county of Trendelag (>20years)
for an extensive health screening [22]. Data collected
includes information on sex, age, clinical examinations,
blood samples and self-reported health-related question-
naires. In HUNT2 (1995-1997), 93,898 persons were
invited with 65,004 (69.2%) agreeing to participate and
in HUNT3 (2006-2008), 93,860 were invited with 50,663
(53.9%) agreeing to participate.

The albuminuria sub-study

HUNT?2 and HUNTS3 participants were invited to a sub
study where morning urine samples were collected for
ACR analysis. Participants were selected according to
predefined selection criteria: i) a 5% random selection
of the HUNT participants, ii) those with self-reported
diabetes (yes/no), iii) those with self-reported hyperten-
sion and/or self-reported antihypertensive treatment
(yes/no) (HUNT?2 only), and; iv) in HUNT3, the HUNT2
albuminuria study participants were re-invited [23, 24].
In this paper, participants from selection group iv) were
only included once (HUNT2 participation date). The
study participants were asked to provide urine samples
over three consecutive days and answered question-
naires related to the urinary samples including history
of a urinary tract infection during the last week, persis-
tent haematuria over the last year, and whether women
were pregnant or menstruating at collection time [23].
Of those invited to the albuminuria study 84.1 and 63.3%
participated in HUNT 2 and HUNT3, respectively.

Clinical examination

Trained nurses undertook standardised clinical examina-
tions at baseline. The examinations included measure-
ments of the participants height, waist circumference
and weight (all without shoes and wearing light cloth-
ing, to the nearest cm or kg) [22]. Body mass index was
calculated as kg/m? We used the average of second and
third systolic blood pressure (mmHg) and pulse (heart
rate/minute) measurements, recorded by an automatic
oscillometric method (Dinamap 845XT; Criticon, Tampa,
Florida, USA) after >5minutes resting in a sitting posi-
tion [22].
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Laboratory data

Blood sampling was performed in a non-fasting state at
the time of clinical examination. Serum total and high-
density lipoprotein (HDL) cholesterol were analysed
using enzymatic colorimetric methods (Boeheringer
Mannheim, Germany) [22]. Urine samples were returned
by the HUNT participants using prepaid envelopes and
standardised receptacles. Fresh blood and urine sam-
ples were analysed at an accredited laboratory (ISO-
9001 certified and ISO/IEC-17025) at Levanger Hospital
(Norway). For the analysis, HUNT2 used a Hitachi 911
autoanalyzer (Hitachi, Mito, Japan) with reagents from
Boehringer Mannheim (Mannheim, Germany) and
HUNTS3 used an Architect ci8200 autoanalyzer (Abbot
Diagnostic, Longford, Ireland) with reagents from Muliti-
gent (Abbot Laboratories, USA) [22].

HUNT used the Jaffe’ method to measure serum con-
centration of creatinine, calibrated to isotope-dilution
mass-spectroscopy. Creatinine was thereafter used to
calculate the estimated glomerulus filtration rate (GFR,
ml/min), using the Chronic Kidney Disease Epidemiol-
ogy Collaboration equation (CKD-EPI) .

Immunoturbidimetric methods were applied to deter-
mine urine albumin using antihuman serum albumin,
and ACR was calculated in mg/mmol. In HUNT2, the
supplier was DakoAS, Glostrup, Denmark [25] and in
HUNTS3, Abbot Laboratories [22]. All information on
quality control and calibration methods is previously
published [23].

Self-report measures

Participants self-reported anxiety and depression symp-
toms experienced over the past week using the Hospital
Anxiety and Depression rating scale (HADS). The HADS
includes 14 questions, 7 mirroring non-somatic depres-
sion symptoms from the ICD depression criteria [26],
such as anhedonia and psychomotor retardation, and 7
anxiety questions with one item mirroring panic disor-
der and the other six general anxiety — including worry-
ing and rumination [27]. The HADS is licenced [27] and
HUNT obtained licences in order to use in each survey.
Each question is answered according to symptom sever-
ity using a scale from 0 (no symptoms) to 3 (high symp-
tom load), i.e. each subscale ranges 0—21 points.

Use of antihypertensive medication and diabetes was
self-reported (yes/no). Smoking status was reported as
never, previously or current. Self-reported diabetes was
categorised as yes or no, and antihypertensive medica-
tions use was categorised as yes (current or previous)
or no (never) [22]. Physical activity was self-reported
as hours of intensive physical activity per week, defined
as physical activity involving sweating or feelings of
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breathlessness. Physical activity duration was categorised
as Ohours (none), < 1hour, 1-3hours and > 3 hours.

We constructed three categories for “education and
work” based on self-reported education for HUNT2 par-
ticipants and Classification of Occupation from Statistics
Norway for HUNT3 participants; < 10years of school or
unskilled worker, 10—12years of school or intermediate
worker, >12years of education or belonging to the sala-
riat class [22].

Follow-up and outcome AMI ascertainment

Of the 15,421 participants who delivered at least one uri-
nary sample in either HUNT2 or HUNTS3, we excluded
1058 (6.9%) with previous AMI, 145 (0.9%) with an ACR
indicating overt kidney disease (ACR >30mg/mmol),
245 (1.6%) with missing data on necessary covariates and
participants who did not self-report AMI, but had hospi-
tal records indicating an AMI at a date prior to baseline
(n=34 (0.2%) in HUNT2 and n=11 (0.1%) in HUNT3).
Figure 1 shows the flow of participants in this study. A
total of 2950 (19.1%) participants had observations from
both HUNT2 and HUNTS3 and these were followed-up
from their first assessment in HUNT2 (Fig. 1). HUNT3
participants were followed from HUNT3 participation
date. Together 11,014 participants were followed-up from
their HUNT participation to either a first AMI or untill
the end of the follow-up period (31 December 2016).
AMI was diagnosed according to the European Society of
Cardiology/ American College of Cardiology consensus
guidelines [28, 29]. Criteria for AMI included: (i) specific
clinical symptoms according to case history information,
(ii) changes in blood levels of cardiac enzymes, and (iii)
specified ECG changes. The national cause of death regis-
try was another data source, providing the ICD codes for
AMI that never reached hospitals using code 410 in the
9th revision and codes 121 and 122 in thel0™ revision in
order to confirm AMI [11].

Statistical analysis

Participants who provided only one or two urine sam-
ples, answered less than 5 items on each HADS subscale,
self-reported pregnancy, urinary tract infection, hae-
maturia or menstruation, or had urinary samples with
deviations in ACR measurements were set to missing and
thereafter imputed. The ACR values were dichotomised
as ACR (no/yes) and cut off for normal values (ACR, no)
was set at 3 mg/mmol.

Per protocol, we replaced 1-2 missing items on the
HADS depression and HADS anxiety subscale with 6/7
and 5/7 of the values provided [11] and defined these as
our complete case numbers (see statistical section for
more details regarding managing missing data). Dichoto-
misation of depression symptoms (no/yes) and anxiety
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Invited to HUNT, n 93898

HUNT2 1994-1996

HUNT3 2006-2008

93860

Participated baseline, n (%) 65005 (69.2%)

50663 (53.9%)

Invited to urine sampling, n (%) 11501 (17.7%)

Participated urine sampling, n (%) 9674 (84.1%)

9077 (17.9%)

5747 (63.3%)

Exclusion criteria, n: (reason)

. 2
covariates

942: Self-reported AMI (908) +
hospital confirmed AMI (34)

219: Missing on necessary

133: ACR>30 mg/mmol

2950: Participated in HUNT2'

116: Self-reported AMI (105)
+hospital confirmed AMI (11)

35: Missing on necessary
covariates2
12: ACR>30 mg/mmol

Eligible for imputing of missing3

those described in footnote 2 is described in Table 1

11 014 unique persons (8380 from HUNT2 and 2634 from HUNT3)

Fig. 1 “Flow chart of inclusion of participants to the study”. Abbreviations; HUNT = Nord-Trendelag Health Study; HUNT2 = Second Wave of HUNT;
HUNT3 =Third wave of HUNT. ! Participants in HUNT3 who were reinvited after HUNT2. ? Imputation models did not converge before we excluded
those with missing on blood pressure, diabetes, serum cholesterol, bmi, waist circumference, heart rate and Chronic Kidney Disease Epidemiology
Collaboration equation (CKD-EPI). > Persons that participated in urine sampling and did not have any exclusion criterion on other variables than

symptoms (no/yes) were according to score<8 (no) or
8-21 (yes) on respective HADS sub-scales as in a previ-
ous HUNT study related to additive risk factors [30]. Due
to the coexistence of anxiety or depression, a variable
“anxiety or depression symptoms” (no/yes) was created,
where “yes” was defined as 8-21 in either of the HADS
sub-scales [30].

In survival analyses, individuals were followed from
baseline measurements (participation in HUNT2 or
HUNT3) to date of AMI, death or end of follow-up (31
December 2016), whichever came first. Attained age
was used as the underlying timescale. We used multi-
variable Cox regression models to assess the relative risk
and associated 95% confidence interval (95% CI) for inci-
dent AMI against three exposures: i) ACR and depres-
sion symptoms (n=5599 for Complete Case (CC)); ii)
ACR and anxiety symptoms (n=5607 for CC) and; iii)
ACR and anxiety or depression symptoms (n=5607 for
CC). All exposures (i-iii) were adjusted for confounders
between exposures and endpoint in four different mod-
els, successively adding confounders to investigate how
the HRs of interest changed. We based our statistical
models on modern methodology where a-priori knowl-
edge regarding confounders of the association between
the exposures and outcome guided the selection and the
models were built stepwise to tease out the mechanisms
between the exposure and outcome [31]. In Model 1, we

adjusted for sex by stratification as this variable other-
wise violated proportional hazard assumption (p <0.001).
Model 2 included in addition to age and sex the other
cardiovascular risk factors from the Framingham Heart
Study; diabetes, antihypertensive medication, systolic
blood pressure, smoking, total cholesterol and HDL cho-
lesterol. Model 3 further included estimated GFR related
to the study selection criteria and body mass index, waist
circumference, intensive physical activity and education
and work status, which can all be viewed as lifestyle-
related confounders. Model 4 included a statistical inter-
action-term between the exposures of interest; i) ACR
and depression; ii) ACR and anxiety; iii) ACR and anxiety
or depression. A Likelihood ratio (LR) test to determine
interaction were used between model 3 and 4. As the
results in model 4 were substantially different in the com-
plete case dataset compared to multiple imputation data-
set we ran missing and imputation diagnostics to explore
the differences further (Supplementary Table 2). Further,
we ran multicollinearity diagnostics using the estat vce,
corr option in Stata.

To explore additivity (absolute risk), we defined four
mutually exclusive exposure categories based on pres-
ence of none, one (either ACR or one of the HADS meas-
ures) and both exposure categories. The unexposed to
both the first and the second risk factor were defined
as reference category. Thus, by defining three indicator
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variables, three absolute risk coefficients were estimated
from a Cox regression model, and the corresponding
covariance matrix were used for calculation of confidence
intervals. These were plotted in the excel sheet devel-
oped by Anderson [32] to calculate the Relative Excess
Risk due to Interaction (RERI), Attributable Proportion
(AP) of events due to interaction and Synergy Index (S).
The latter measure is interpreted as the excess risk from
both exposures when interaction is present relative to the
risk from exposure when interaction is absent [17]. RERI
and AP are statistically significant if the 95% CI do not
cross 0, and S is significant if it does not cross 1. Mul-
tiple imputation by fully conditional specification were
used when imputing missing data, generating a total of
10 complete datasets. Both the “mi chained”-routine and
the user-written command smcfcs [33] were used for this
purpose.

We used Stata versionl6.1 for all analysis (StataCorp.
2019. Stata Statistical Software: Release 16. College Sta-
tion, TX: StataCorp LLC).

Results

Baseline characteristics and proportion of missing data
are displayed in Table 1. Of the 11,014 participants, 1234
(11.2%) had a first AMI during the mean 13.7 years of fol-
low-up, or 151,319 person years.

Table 2 shows HR (95% CI) for AMI in models 1 to 3
in the multiplicative cox model after multiple imputation.
Models 1 to 3 are without the interaction term between
ACR and the HADS measures. In these models an ACR
of >3 was associated with a>35% increased relative risk
for AMI following adjustment for confounders. Without
considering additional albuminuria we observed no risk
of AMI with symptoms of depression, anxiety or anxi-
ety/depression. All these results were similar in multiple
imputation analysis (Table 2) and complete case datasets
(Supplementary Table 1).

Table 3 includes results from the multiple imputation
and complete case datasets showing the HRs and 95%
CI for future AMI in model 4. Model 4 includes Model 3
plus an interaction term between ACR 3-30 and each of
the HADS >8 measures in the multiplicative Cox model.
Model 4 performed better than model 3 in all analysis
(all p<0.01). Results differed between the imputed ver-
sus complete cases. In the complete case dataset, having
a HADS-D > 8 in addition to an ACR of 3-30 raised the
relative risk for future AMI more than two-fold (HR 2.49,
95% CI 1.07-5.70) in comparison to having an ACR of
3-30 alone (HR 1.33, 95% CI 1.02-1.72). In the imputed
dataset, the relative HR for AMI with ACR >3 and addi-
tional depression >8 was 1.74 (95% CI 0.93-3.25). Simi-
larly, the interaction between having both a HADS-A
of >8 and an ACR of >3 raised the relative HR for AMI
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to 3.41 (95%CI 1.46-7.96) in the complete case dataset.
Again, the risk in the imputed dataset was much lower
with an relative HR of 1.81 (95% CI 0.99-3.29). The
observed differences between the imputed dataset and
complete case datasets were related to missing mecha-
nisms on the physical activity questions. Those who had
missing on these items had a higher CVD risk compared
to those without missing (higher age 62.6years vs 54.3),
higher blood pressure (150.8 vs 143.8), lower kidney func-
tion (eGFR 84.6 ml/min vs 92.4), more often diabetes and
antihypertensive medication) (Supplementary Table 2).
Those who reported on the physical activity question
had a strong increased risk of having incident AMI when
they had both ACR3-30 and>8 on any of the HADS
measurements (the HR for the interaction between ACR
with depression was 1.30, 95% CI 1.10-1.55). This was
in strong contrast to those who had missing data on the
physical activity questions who had evidence of a reduced
risk of future AMI with both exposures (HR for the mul-
tiplicative interaction between ACR with depression
0.68, 95% CI 0.29-1.59). The multicollinearity diagnostics
showed that the interaction term between exposures had
a correlation coefficient of 0.4, all other correlation coef-
ficients were <0.2.

Supplementary Table 3 shows the cross-tabulation
between exposures of ACR and the HADS measures
with number (%) of AMI in the complete case dataset.
Whilst 15.5% of the participants with ACR 3-30 and
HADS depression <8 experienced incident AMI, 21.1%
of the participants with both elevated ACR and depres-
sion scores experienced AMI. When assessing the addi-
tive (absolute) risks, we observed no additive risk for
AMI with having both albuminuria and either of the
HADS measures in complete case nor in imputed data-
sets (Table 4).

Discussion

In this prospective population based cohort study, the
risk of incident AMI in persons with elevated albumi-
nuria and an otherwise healthy CVD profile seems to be
amplified by anxiety and depression symptoms. Among
younger (mean 54.3years) participants with fewer car-
diovascular risk factors such as diabetes, blood pres-
sure medication and higher glomerulus filtration rate,
the multiplicative risk found in the Cox-survival models
was two- to three-fold higher when anxiety or depression
symptoms (HADS > 8) coexisted with elevated ACR [3—
30], compared to those with elevated ACR alone. How-
ever, among those of a higher age (mean 62.6 years) with
more cardiovascular risk factors, there was no additional
risk associated with the presence of anxiety or depres-
sion symptoms in addition to elevated ACR. We found
no additive risk between the risk factors, suggesting that
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Table 1 Baseline characteristics for participants (n=11,014) and overview of missing data

Variables with complete datan=11,014

Missing n (%)

“Women (n, %)

Blood pressure medication, never (n, %)

“Diabetes, yes (n,%)

?Age, years (mean, SD)

aSystolic blood pressure, mmHg (mean, SD)

Total Cholesterol, mmol/L (mean, SD)

2HDL cholesterol, mmol/L (mean, SD)

“Antihypertensive treatment (yes (n,%)

Estimated glomerulus filtration rate, ml/min (mean, SD)

Body mass index, kg /m? (mean, SD)

Waist circumference, cm (mean, SD)

Pulse, beats/minute (mean, SD)

Variables with incomplete data

Albumine Creatinine Ratio (ACR), mg/mmol (mean, SD)
ACR, no (ACR<3mg/mmol) (n, %)

ACR, yes (ACR 3-30mg/mmol) (n, %)

HADS Depression Scale (HADS-D, range 0-21) (mean, SD)
Depression Symptoms, no (HADS-D < 8) (n, %)
Depression Symptoms, yes (HADS-D 8-21 (n, %)

HADS Anxiety Subscale (HADS-A, range 0-21) (mean, SD)
Anxiety Symptoms, no (HADS-A<8) (n, %)

Anxiety Symptoms, yes (HADS-A 8-21) (n, %)

Anxiety or Depression symptoms, no (n, %)

Anxiety or Depression Symptoms, yes (n, %)

'Smoking status (n, %)

Never
Previously
Current

Education (HUNT2) or work status (HUNT3) (n, %)
10years of school or less or unskilled worker
10-12years of school or intermediate working class
> 12years of School or salariat working class

Intensive exercise (N %)

None

< Thour per week
1-2hours per week
3hours or more per week

6234 (56.6) NA
5204 (47.3) NA
1553 (14.1) NA
57.6(15.7) NA
146.6 (23.8) NA
6.2(1.3) NA
1.3(04) NA
5810 (52.6) NA
89.3 (19.5) NA
27.9 (4.6) NA
90.8 (12.3) NA
728 (13.4) NA
Missing n (%)
2.7 (SD9.8) 1004 (9.1)
8773 (79.7)
1237(11.2)
38(3.1) 506 (4.6)
9159 (83.2)
1349 (14.6)
42 (34) 741 (6.7)
8673 (84.4)
1600 (15.6)
8360 (78.3) 486 (4.4)
2313 (21.7)
226 (2.1)
4973 (46.1)
3401 (31.5)
2414 (22.4)
846 (7.7)
4899 (48.2)
3892 (38.3)
1377 (13.5)
4355 (39.5)
2970 (44.6)
1518 (22.8)
1368 (20.6)
803 (12.0)

@ Framingham cardiovascular risk factors

the observed increased risk from the Cox models is not
greater than expected based on each risk factor alone.
Two previous studies suggested that the association
between depression and CVD mortality was partially
mediated by prevalent incident comorbidity of non-car-
diovascular disorder and unhealthy lifestyle behaviours
[34, 35]. In our Cox models, we found that this was true
only among those of a higher age (mean 62.6 years) who
had more cardiovascular risk factors. In studies with
data missing not at random, as we observed in model 4,

the bias is most likely to occur in the results related to
multiple imputation [36], thus we have laid our empha-
sis on the complete case analysis. The fact that excess
risk was evident only among the youngest, more healthy
individuals may be explained by the fact that effect of
depression on inflammation and endothelial dysfunc-
tion might be relatively weak compared to other risk
factors such as dyslipidaemia, current smoking, hyper-
tension, diabetes, reduced kidney function [37]. From a
public health perspective, this is important given that
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Table 2 Hazard Ratios (HR) and 95% confidence intervals (Cl) for AMI during follow-up with exposures
Model 1 Model 2 Model 3
i) ACR and HADS-D
ACR, no (ACR < 3) Reference Reference Reference
ACR, yes (ACR 3-30) 1.57 (1.35-1.83) 140 (1.20-1.63) 1.37 (1.17-1.60)
Depression symptoms, no (HADS-D < 8) Reference Reference Reference
Depression symptoms, yes (HADSD 8-21) 1.12(0.95-1.31) 1.07 (0.91-1.25) 1.07 (0.91-1.25)
ii) ACR and HADS-A
ACR no (ACR < 3) Reference Reference Reference
ACR yes (ACR 3-30) 1.55(1.33-1.81) 1.39(1.18-1.63) 1.35(1.15-1.62)
Anxiety Symptoms, no (HADS-A <8) Reference Reference Reference
Anxiety Symptoms, yes (HADS-A 8-21) 1.12(0.93-1.34) 1.06 (0.91-1.25) 1.07 (0.92-1.26
iii) ACR and highest score on HADS-D or HADS-A
ACR, no (ACR < 3) Reference Reference Reference
ACR, yes (ACR 3-30) 1.58 (1.35-1.84) 1.38(1.19-1.62) 1.35(1.16-1.59)
Anxiety or depression symptoms, no Reference Reference Reference
Anxiety or depression symptoms, yes 1.08 (0.94-1.24) 1.01 (0.89-1.20) 1.01 (0.88-1.16)

All results after multiple imputation
Model 1: Age as underlying time scale and Sex as strata

Model 2: Model 2: Model 1+ The Framingham variables diabetes (yes/no), Antihypertensive treatment (yes/no), Systolic Blood Pressure (mmHg), Smoking Status

(never, previous, current), total cholesterol (mmol/L), HDL cholesterol (mmol/L)

Model 3: Model2+ Estimated glomerulus filtration rate (mL/min), Body Mass Index (weight/m?), Waist Circumference (cm), Intensive Exercise (none, < 1 hr./week,
1-2hr./week, >3 hr./week), Education or work (<=10years school or unskilled worker, 10-12years school or intermediate working class, > 12 years of school or salariat

working class)

Table 3 Hazard Ratios (HR) and 95% confidence intervals (Cl) for AMI with multiplicative interaction between exposures

Imputed models

+HADS-scores <8 +HADS-Scores > 8

i) ACR and HADS-Depression
ACR yes (ACR>=3)
ii) ACR and HADS-Anxiety

1.39 (1.04-1.74) 1.74(0.93-3.25)

ACR yes (ACR>=3) 1.36 (1.15-1.60) 1.81(0.99-3.29)
iii) ACR and HADS- Depression or Anxiety
ACRyes (ACR>=3) 1.33(1.12-1.59) 1.73 (0.94-3.25)

Complete Case

ii) ACR and HADS-Depression
ACR yes (ACR>=3)

ii) ACR and HADS-Anxiety
ACR yes (ACR>=3)

iii) ACR and HADS- Depression or Anxiety
ACR yes (ACR>=3)

+HADS-Scores > 8
1.33(1.02-1.72) 249 (1.07-5.70)
1.30 (1.00-1.47) 341 (1.46-7.96)

1.23(0.93-1.62) 2.69(1.22-5.92)

Model 4: Model 3 (displayed in Table 2) + statistical interaction term (##) between joint exposures of ACR and the different HADS measures i-iii)

the risk for AMI was two to three-fold higher among
younger persons with few other CVD risk factors
when depression or anxiety symptoms were present
compared to having an elevated ACR alone. Comor-
bid cardiometabolic factors and anxiety or depression
symptoms may increase the risk of future cardiovas-
cular disease and death [38]. Other studies have found
that anxiety and depression symptoms coexist with

overall medical burden [39], but when assessing the
risk of AMI, albuminuria and mental health meas-
ures are often examined separately. We found no
study assessing whether anxiety and depression symp-
toms co-occurring with early signs of kidney disease
was associated with increased risk of future AMI. our
findings add further evidence to this knowledge base
indicating that the progression of neuropsychiatric
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Table 4 Evidence for interaction beyond additivity regarding the risk for future Acute Myocardial Infarction (AMI)
RERI (95% Cl) AP (95% ClI) S (95%Cl)
Imputed models
ACR yes (ACR>=3) and Depression yes (HADS-D > =8) 0.36 (—0,34, 1.05) 19.3% (—12.8,51.4%) 1.73 (0.65, 4.65)
ACR yes (ACR>=3) and Anxiety yes (HADS-A>=8) —0.37(—0,39,—1.13) —20.0% (—14.6, —54.7%) 1.77(0.61,5.12)
ACR yes (ACR>=3) and HADS-D or HADS-A>=8 0.32(—062,1.68) 18.3% (—11.7, 48.4%) 1.78 (0.62, 2,33)
Complete case
i) ACR yes (ACR>=3) and Depression yes (HADS-D > =8) 1.01 (—0.06, 2.08) 44,3% (14.5, 74.0%) 4.75(0.84,26.7)
ii) ACR yes (ACR>=3) and Anxiety yes (HADS-A>=8) 1.48(—0.98, 1.97) 21.1% (38.4, 68.0%) 5.96 (145, 24.5)
iii) ACR yes (ACR>=3) and HADS-D or HADS-A > =8 1.10(0.73,1.13) 49,0% (24.1,73.9%) 8,85(047,168.0)

Overview of n, events and person-years in CC:

i) Albumine Creatinine Ratio (ACR, mg/mmol) and HADS-Depression (n =5660 persons/ 564 cases/ 84,500 person-years)

ii) ACR and HADS-Anxiety (n=5599/553 cases/ 83,839 person-years)

iii) ACR and HADS- Depression or Anxiety (n=5607/555cases/ 83,951 person-years)

The results on synergisms are derived from model 3 in Table 2

Abbreviations: ACR Aloumine Creatinine Ratio, RERI The Relative Excess Risk, AP Attributable Proportion, S Synergi Index, C/ 95% Confidence Intervals

disorders, neuroprogression overlap with progression
of somatic disorders, somatorprogression.

While the Cox models show the relative risks for AMI,
the additive models show the absolute risks for AMI with
joint exposures [17, 19, 40]. The absence of additive risk
for AMI with joint exposures of albuminuria and depres-
sion or anxiety symptoms in our study does not indicate
a clear support for common causal pathway towards
risk for AMI, and that a person with joint risk factors
would not have higher risk than expected based on each
risk factor alone [14, 15, 28, 41]. Even though our study
indicated no evidence of shared causal pathways, evi-
dence from previous studies have shown that the same
treatment may ameliorate both albuminuria and mental
health measures. Angiotensin-converting enzyme inhibi-
tors and statins which are medications given to reduce
AMI risk with elevated ACR, may be promising new tar-
gets for treating depression [41-43]. In animal models,
the angiotensin-converting enzyme also seems a promis-
ing target to alleviate physiologic responses to emotional
stress like anxiety [44], a finding reflected in human epi-
demiological and clinical studies [45—-47].

It is a strength to our study that this study explored the
joint risk factors and risk of AMI in both a Cox model
and an additive model as hypotheses regarding joint risk
factors are correctly explored in additive models [17]. A
major strength of our study is that the sample includes
the whole continuum from young to very old adults. It
is shown that endothelial dysfunction is present already
from an early age among persons with major depression
[48]. Another strength is that the analyses are adjusted
for a large numbers of potential cardiometabolic con-
founders such as blood pressure, diabetes, smoking, body
mass index and waist circumference [38].

A limitation to our study is the lower (63% vs 84%) par-
ticipation rate in HUNT3 vs HUNT2. We cannot exclude
some influence on the results, but from a HUNT non
responder study it is known that bot very healthy and
comorbid individuals were overrepresented among non-
responders [49]. Further, the use of self-reported symp-
toms of anxiety and depression, which is consistently
associated with lower effect estimates than formal diag-
noses [12, 50]. Thus, a formal diagnosis of anxiety and
depression in a young and otherwise healthy individual
with elevated ACR could be expected to be associated
with an even higher risk of AMI than reported in this
study. While the most consistent method for determining
excretion of albumin in urine is 24 hours of urine sam-
pling, the use of one or more morning spot urine samples
provides good specificity and sensitivity [24]. Another
limitation to this study is that the study is observational
and cannot prove causality. Anxiety and depression may
also affect the risk of AMI in persons with elevated ACR
through poorer self-care, lack of treatment adherence
or other unmeasured confounders and thereby increase
medical burden of albuminuria [39]. As our sample is by
selection mostly a multimorbid sample, depression and
anxiety symptoms also can co-interact with diabetes and
hypertension [51] as we also saw in this study where the
risk was higher among participants with a healthier CVD
risk profile.

Conclusions

Our results indicate that younger persons with albumi-
nuria, but without other CVD risk factors, had a 2.49
hazard for future AMI with of additional depression
and a 3.41 hazard for future AMI with additional anxi-
ety compared with standalone albuminuria. We did not
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find any evidence for common causal pathways explain-
ing this interaction. Whether high burden of anxiety and
depression symptoms represents a modifiable risk factor
for AMI in persons with albuminuria, but an otherwise
healthy CVD profile, needs to be tested in future studies.

Abbreviations

ACR: Albumin Creatine ratio; AMI: Acute myocardial infarction; AP: Attributable
proportion of events due to interaction; CC: Complete case; Cl: Confidence
interval; HADS: Hospital anxiety and depression scale; HR: Hazard ratio; HUNT:
Nord-Trgndelag health study; MCE: Multiple chained equation; RERI: Relative
excess risk due to interaction; S: Synergy index; WC: Waist circumference.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512872-022-02921-1.

Additional file 1: Supplementary Table 1. Complete Case Analysis
related to Table 2. Hazard Ratios (HR) and 95% confidence intervals (Cl) for
AMI during follow-up. Supplementary Table 2. Mechanisms related to
missing on the physical activity question. Supplementary Table 3. Num-
ber (n, %) of participants* without and with Acute Myocardial Infarction
(AMI) in Complete Case.

Acknowledgements

We would like to thank the Trendelag Health Study (HUNT), a collaboration of
the HUNT Research Center (Faculty of Medicine and Health Sciences, NTNU,
Norwegian University of Science and Technology), Trendelag County Council
and the Central Norway Regional Health Authority. In addition we also thank
the Department for Research at Nord-Trgndelag Hospital Trust for assistance
with data linkage.

Authors’ contributions

LTG, OB, SR conceived and designed the study. LTG was responsible for fund-
ing acquisition and LTG and OB were project administrators and responsible
for ethical approval. SR and HD participated in data collection and data
investigation. LTG, TAM performed the data curation and formal analysis, whilst
LTG, TAM and LEL were responsible for the methodology. OB, LJW, MB and SR
supervised the study. LTG did the visualization and writing of the original draft,
whilst all co-authors contributed towards the development and approval of
the final manuscript.

Funding

LTG is funded by the Central Norway Regional Health Authority. The funding
body had no role in the designs of the study, collection, analysis, interpreta-
tion of data, and in writing the manuscript.

Availability of data and materials

We do not have ethical approval to deposit our datasets in publicly available
repositories. The datasets used and/or analysed during the current study are
however available from the corresponding author on reasonable request.
All stata codes used will be available from the corresponding author upon
reasonable request.

Declarations

Concent to publication
Consent for publication is given by the data access committee for Nord-Trgn-
delag Hospital Trust and the HUNT Study on behalf of all participants.

Ethics approval and consent to participate

This study was approved by the Regional Committee for Medical and Health
Research Ethics in South East Norway (2010/178-2/REC Mid-Norway) with the
last extension for follow-up until end 2016 obtained in 2019 (ref no 12364).
The study is also approved by the data access committees for Nord-Trendelag

Page 9 of 11

Hospital Trust and the HUNT Study. The study followed the principles in the
Declaration of Helsinki published by the World Medical Association, including
a knowledge-based design, all methods were performed in accordance with
the protocols, it was no consequences for not participating and participation
in this study included no harm to the participant. Further, all participants in
HUNT2 and HUNT3 gave written and informed consent for the use of their
data in research, including linkage with hospital registries.

Competing interests

MB has received Grant/Research Support from the NIH, Cooperative Research
Centre, Simons Autism Foundation, Cancer Council of Victoria, Stanley Medical
Research Foundation, Medical Benefits Fund, National Health and Medical
Research Council, Medical Research Futures Fund, Beyond Blue, Rotary Health,
A2 milk company, Meat and Livestock Board, Woolworths, Avant and the Harry
Windsor Foundation, has been a speaker for Astra Zeneca, Lundbeck, Merck,
Pfizer, and served as a consultant to Allergan, Astra Zeneca, Bioadvantex,
Bionomics, Collaborative Medicinal Development, Lundbeck Merck, Pfizer and
Servier — all unrelated to this work. LJW has received Grant/Research support
from Eli Lilly, Pfizer, The University of Melbourne, Deakin University and the
NHMRC. LW is supported by an NHMRC Career Development Fellowship
(1064272) and a NHMRC Investigator grant (1174060). MB is supported by

a NHMRC Senior Principal Research Fellowship (1059660 and 1156072). All
competing interests are unrelated to this work.

Author details

'Faculty of Nursing and Health Sciences, Nord University, Levanger, Hag-
skoleveien 27, 7601 Levanger, Norway. “Department of Circulation and Medi-
cal Imaging, Medicine and health sciences, Norwegian University of Science
and Technology (NTNU), Trondheim, Norway. *Department of Internal
Medicine, Levanger Hospital, Nord-Trendelag Hospital Trust, Levanger, Norway.
“Department of Registration, Cancer Registry of Norway, Oslo, Norway.
Department of Research and Innovation, Mare and Romsdal Hospital Trust,
Alesund, Norway. ®Department of Mental Health, Faculty of Health and Medi-
cine, Norwegian University of Science and Technology (NTNU), Trondheim,
Norway. ’Deakin University, IMPACT — the Institute for Mental and Physical
Health and Clinical Translation, School of Medicine, Barwon Health, Geelong,
Australia. °Department of Emergency Medicine, St. Olavs Hospital, Trondheim
University Hospital, Trondheim, Norway. °Clinic of Cardiology, St. Olavs Hospi-
tal, Trondheim University Hospital, Trondheim, Norway. '°Orygen, The National
Centre of Excellence in Youth Mental Health, Centre for Youth Mental Health,
Florey Institute for Neuroscience and Mental Health and the Department

of Psychiatry, The University of Melbourne, Melbourne, Australia. ' Depart-
ment of Clinical and Molecular Medicine, Norwegian University of Science
and Technology, Trondheim, Norway.

Received: 31 August 2021 Accepted: 26 October 2022
Published online: 08 November 2022

References

1. Benjamin EJ, Muntner P, Alonso A, Bittencourt MS, Callaway CW, Carson
AP et al. Heart disease and stroke Statistics-2019 update: a report from
the American Heart Association. Circulation. 2019;139(10):e56—-e528.

2. Pencina MJ, D'Agostino RB Sr, Larson MG, Massaro JM, Vasan RS. Predict-
ing the 30-year risk of cardiovascular disease: the Framingham heart
study. Circulation. 2009;119(24):3078-84.

3. Hippisley-Cox J, Coupland C, Brindle P. Development and validation of
QRISK3 risk prediction algorithms to estimate future risk of cardiovascular
disease: prospective cohort study. BMJ. 2017;357:j2099.

4. Vallianou NG, Mitesh S, Gkogkou A, Geladari E. Chronic kidney disease
and cardiovascular disease: is there any relationship? Curr Cardiol Rev.
2019;15(1):55-63.

5. Hatlen G, Romundstad S, Hallan SI. The accuracy of predicting cardio-
vascular death based on one compared to several albuminuria values.
Kidney Int. 2014,85(6):1421-8.

6. Romundstad S, Holmen J, Hallan H, Kvenild K, Kruger O, Midthjell K.
Microalbuminuria, cardiovascular disease and risk factors in a nondia-
betic/nonhypertensive population. The Nord-Trondelag health study
(HUNT, 1995-97), Norway. J Intern Med. 2002;252(2):164-72.


https://doi.org/10.1186/s12872-022-02921-1
https://doi.org/10.1186/s12872-022-02921-1

Gustad et al. BMIC Cardiovascular Disorders

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

(2022) 22:472

Gerstein HC, Mann JF, Yi Q, Zinman B, Dinneen SF, Hoogwerf B, et al.
Albuminuria and risk of cardiovascular events, death, and heart failure in
diabetic and nondiabetic individuals. JAMA. 2001;286(4):421-6.

Mok Y, Ballew SH, Sang Y, Grams ME, Coresh J, Evans M, et al. Albuminuria
as a predictor of cardiovascular outcomes in patients with acute myocar-
dial infarction. J Am Heart Assoc. 2019;8(8):e010546.

van der Velde M, Matsushita K, Coresh J, Astor BC, Woodward M, Levey

A, et al. Lower estimated glomerular filtration rate and higher albu-
minuria are associated with all-cause and cardiovascular mortality. A
collaborative meta-analysis of high-risk population cohorts. Kidney Int.
2011,79(12):1341-52.

Matsushita K, van der Velde M, Astor BC, Woodward M, Levey AS, de Jong
PE, et al. Association of estimated glomerular filtration rate and albumi-
nuria with all-cause and cardiovascular mortality in general population
cohorts: a collaborative meta-analysis. Lancet. 2010;375(9731):2073-81.

. Gustad LT, Laugsand LE, Janszky |, Dalen H, Bjerkeset O. Symptoms of

anxiety and depression and risk of acute myocardial infarction: the HUNT
2 study. Eur Heart J. 2014;35(21):1394-403.

Nicholson A, Kuper H, Hemingway H. Depression as an aetiologic and
prognostic factor in coronary heart disease: a meta-analysis of 6362
events among 146 538 participants in 54 observational studies. Eur Heart
J.2006,27(23):2763-74.

Seldenrijk A, Vogelzangs N, Batelaan NM, Wieman |, van Schaik DJ, Pen-
ninx BJ. Depression, anxiety and 6-year risk of cardiovascular disease. J
Psychosom Res. 2015;78(2):123-9.

Dimsdale JE. Psychological stress and cardiovascular disease. JACC.
2008;51(13):1237-46.

Rosengren A, Hawken S, Ounpuu S, Sliwa K, Zubaid M, Aimahmeed WA,
et al. Association of psychosocial risk factors with risk of acute myocar-
dial infarction in 11119 cases and 13648 controls from 52 countries (the
INTERHEART study): case-control study. Lancet. 2004,364(9438):953-62.
Cohen BE, Edmondson D, Kronish IM. State of the art review: depres-
sion, stress, anxiety, and cardiovascular disease. Am J Hypertens.
2015;28(11):1295-302.

de Jager DJ, de Mutsert R, Jager KJ, Zoccali C, Dekker FW. Reporting of
interaction. Nephron Clin Pract. 2011;119(2):c158-61.

de Mutsert R, Jager KJ, Zoccali C, Dekker FW. The effect of joint exposures:

examining the presence of interaction. Kidney Int. 2009;75(7):677-81.
de Mutsert R, de Jager DJ, Jager KJ, Zoccali C, Dekker FW. Interaction on
an additive scale. Nephron Clin Pract. 2011;119(2):c154-7.

Berk M, Williams LJ, Jacka FN, O'Neil A, Pasco JA, Moylan S, et al. So
depression is an inflammatory disease, but where does the inflammation
come from? BMC Med. 2013;11:200.

Provenzano M, Coppolino G, Faga T, Garofalo C, Serra R, Andreucci M.
Epidemiology of cardiovascular risk in chronic kidney disease patients:
the real silent killer. Rev Cardiovasc Med. 2019;20(4):209-20.

Krokstad S, Langhammer A, Hveem K, Holmen TL, Midthjell K, Stene

TR, et al. Cohort profile: the HUNT study. Norway Int J Epidemiol.
2013;42(4):968-77.

Hallan H, Romundstad S, Kvenild K, Holmen J. Microalbuminuria in
diabetic and hypertensive patients and the general population--conse-
quences of various diagnostic criteria--the Nord-Trondelag Health Study
(HUNT). Scand J Urol Nephrol. 2003;37(2):151-8.

Romundstad S, Hatlen G, Hallan SI. Long-term changes in albuminuria:
underlying causes and future mortality risk in a 20-year prospec-

tive cohort: the Nord-Trondelag health (HUNT) study. J Hypertens.
2016;34(10):2081-9.

Romundstad S, Holmen J, Hallan H, Kvenild K, Ellekjaer H. Microalbumi-
nuria and all-cause mortality in treated hypertensive individuals: does sex
matter? The Nord-Trondelag health study (HUNT). Norway Circulation.
2003;108(22):2783-9.

Herrman H, Patel V, Kieling C, Berk M, Buchweitz C, Cuijpers P, et al. Time
for united action on depression: a lancet-world psychiatric association
commission. Lancet. 2022;399:957-1022.

Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta
Psychiatr Scand. 1983,67(6):361-70.

Thygesen K, Alpert JS, White HD. Universal definition of myocardial infarc-
tion. Eur Heart J. 2007;28(20):2525-38.

Alpert JS, Thygesen K, Antman E, Bassand JP. Myocardial infarction
redefined--a consensus document of The Joint European Society of

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Page 10 of 11

Cardiology/American College of Cardiology Committee for the redefini-
tion of myocardial infarction. JACC. 2000;36(3):959-69.

Brumpton BM, Leivseth L, Romundstad PR, Langhammer A, ChenY,
Camargo CA Jr, et al. The joint association of anxiety, depression and
obesity with incident asthma in adults: the HUNT study. Int J Epidemiol.
2013;42(5):1455-63.

Lash TL, VanderWeele TJ, Hanheuse SH, Rothman K. Modern Epidemiol-
ogy. 4th ed. Alphen aan den Rijn: Wolters Kluwer Health; 2020.
Andersson T, Alfredsson L, Kallberg H, Zdravkovic S, Ahlbom A. Calculat-
ing measures of biological interaction. Eur J Epidemiol. 2005;20(7):575-9.
Bartlett JW, Morris TP Mutliple imputation of covariates by sub-
stansive-model compatible fully conditional specification. Stata J.
2015;15(2):437-56.

Almas A, Moller J, Igbal R, Lundin A, Forsell Y. Does depressed per-

sons with non-cardiovascular morbidity have a higher risk of CVD? A
population-based cohort study in Sweden. BMC Cardiovasc Disord.
2019;19(1):260.

Atlantis E, Shi Z, Penninx BJ, Wittert GA, Taylor A, Aimeida OP. Chronic
medical conditions mediate the association between depression and
cardiovascular disease mortality. Soc Psychiatry Psychiatr Epidemiol.
2012;47(4):615-25.

Sterne JA, White IR, Carlin JB, Spratt M, Royston P, Kenward MG, et al. Mul-
tiple imputation for missing data in epidemiological and clinical research:
potential and pitfalls. BMJ. 2009;338:02393.

Michal M, Wiltink J, Kirschner Y, Wild PS, Miinzel T, Ojeda FM, et al.
Differential associations of depressive symptom dimensions with cardio-
vascular disease in the community: results from the Gutenberg health
study. Plos One. 2013;8(8):e72014.

Violan C, Foguet-Boreu Q, Flores-Mateo G, Salisbury C, Blom J, Freitag

M, et al. Prevalence, determinants and patterns of multimorbidity in
primary care: a systematic review of observational studies. Plos One.
2014,9(7):2102149.

Sanna L, Stuart AL, Pasco JA, Kotowicz MA, Berk M, Girardi P, et al. Physical
comorbidities in men with mood and anxiety disorders: a population-
based study. BMC Med. 2013;11:110.

de Jager DJ, Voormolen N, Krediet RT, Dekker FW, Boeschoten EW, Groot-
endorst DC, et al. Association between time of referral and survival in the
first year of dialysis in diabetics and the elderly. Nephrol Dial Transplant.
2011,26(2):652-8.

Vian J, Pereira C, Chavarria V, Kohler C, Stubbs B, Quevedo J, et al. The
renin-angiotensin system: a possible new target for depression. BMC
Med. 2017;15(1):144.

Kim SW, Kang HJ, Bae KY, Shin IS, Hong YJ, Ahn YK, et al. Interactions
between pro-inflammatory cytokines and statins on depression in
patients with acute coronary syndrome. Prog Neuro-Psychopharmacol
Biol Psychiatry. 2018;80(Pt C):250—4.

Williams LJ, Pasco JA, Kessing LV, Quirk SE, Fernandes BS, Berk M.
Angiotensin converting enzyme inhibitors and risk of mood disorders.
Psychother Psychosom. 2016;85(4):250-2.

de Kloet AD, Wang L, Pitra S, Hiller H, Smith JA, Tan Y, et al. A Unique
"Angiotensin-Sensitive” Neuronal Population Coordinates Neuroendo-
crine, Cardiovascular, and Behavioral Responses to Stress. J Neurosci.
2017;37(13):3478-90.

Kessing LV, Rytgaard HC, Gerds TA, Berk M, Ekstram CT, Andersen PK. New
drug candidates for depression - a nationwide population-based study.
Acta Psychiatr Scand. 2019;139(1):68-77.

Kohler-Forsberg O, Petersen L, Berk M, Gasse C, @stergaard SD. The effect
of combined treatment with SSRIs and renin-angiotensin system (RAS)
drugs: a propensity score matched cohort study. Eur Neuropsychophar-
macol. 2020;32:120-30.

Brownstein DJ, Salagre E, Kéhler C, Stubbs B, Vian J, Pereira C, et al. Block-
ade of the angiotensin system improves mental health domain of quality
of life: a meta-analysis of randomized clinical trials. Aust N Z J Psychiatry.
2018;52(1):24-38.

Goldstein Bl, Carnethon MR, Matthews KA, McIntyre RS, Miller GE, Raghu-
veer G, et al. Major depressive disorder and bipolar disorder predispose
youth to accelerated atherosclerosis and early cardiovascular disease: a
scientific statement from the American Heart Association. Circulation.
2015;132(10):965-86.

Langhammer A, Krokstad S, Romundstad P, Heggland J, Holmen J. The
HUNT study: participation is associated with survival and depends on



Gustad et al. BMIC Cardiovascular Disorders

50.

51

(2022) 22:472

socioeconomic status, diseases and symptoms. BMC Med Res Methodol.
2012;12:143.

Martens RJH, Kooman JP, Stehouwer CDA, Dagnelie PC, van der Kallen
CJH, Kroon AA, et al. Albuminuria is associated with a higher prevalence
of depression in a population-based cohort study: the Maastricht study.
Nephrol Dial Transplant. 2018;33(1):128-38.

Barnett K, Mercer SW, Norbury M, Watt G, Wyke S, Guthrie B. Epidemiol-
ogy of multimorbidity and implications for health care, research, and

medical education: a cross-sectional study. Lancet. 2012,380(9836):37-43.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 11 of 11

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Anxiety and depression symptoms, albuminuria and risk of acute myocardial infarction in the Norwegian HUNT cohort study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Key messages
	Background
	Methods
	Study population
	The albuminuria sub-study
	Clinical examination
	Laboratory data
	Self-report measures
	Follow-up and outcome AMI ascertainment
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


