Physical activity and symptoms of anxiety and depression in adults with and without visual impairments: The HUNT Study
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ABSTRACT
Purpose: To examine the association of leisure-time physical activity (PA) and symptoms of anxiety and depression among adults with and without self-reported visual impairment.

Methods: A population-based cohort study including 34,393 participants 20–67 years of age from the second wave of the Nord-Trøndelag Health Study (HUNT2, 1995–1997) who also participated in the follow-up (HUNT3, 2006–2008). Of the participants, 3719 (10.8%) had self-reported visual impairment (SRVI). Unadjusted and fully adjusted generalized linear models were used to calculate relative risks (RR) and corresponding 95% confidence intervals (CIs) of PA with anxiety and depression symptoms (Hospital Anxiety and Depression Scale, HADS) separately for visual impairment and gender.
Results: At follow-up, a two-folded higher prevalence of HADS-defined anxiety and depression (a score ≥ 8) was found among adults with SRVI than among adults with self-reported no visual impairment (SRNI). In adults with SRVI and SRNI, fewer depression symptoms at follow-up were significantly associated with high baseline PA scores compared with low PA scores, after adjusting for possible confounders (p < 0.05). In adults with SRNI, high baseline PA was related to fewer anxiety symptoms at follow-up compared with their less physically active counterparts, but the associations turned non-significant after adjusting for possible confounders (p > 0.05). PA was not significantly related to anxiety symptoms among adults with SRVI (p > 0.05).
Conclusions: Regular PA was associated with fewer depression symptoms in adults with SRVI and SRNI, with less clear associations found for anxiety symptoms.
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1. Introduction

Physical activity (PA) is an inexpensive and accessible tool with few side-effects that may not only be used in the prevention and treatment of some chronic somatic diseases (Warburton, Charlesworth, Ivey, Nettlefold, & Bredin, 2010), but has the potential to reduce the risk of mental health problems (Landers & Arent, 2007). The results of systematic reviews have consistently shown that PA reduces symptoms of depression (Cooney et al., 2013; Herring, Puetz, O’Connor, & Dishman, 2012). Reviews have also supported the notion that PA is associated with fewer anxiety symptoms, but the findings are less consistent than for depressive symptoms (Herring, O’Connor, & Dishman, 2010; Stonerock, Hoffman, Smith & Blumenthal, 2015). However, less is known about whether the possible effects of PA on symptoms of anxiety or depression vary for specific subgroups (Schuch, Morres, Ekkekakis, Rosenbaum, & Stubbs, 2016), including adults with visual impairments.
Visual impairment is a loss in the individual’s ability to see, ranging from mild to blindness with no light perception (World Health Organization, 2006). The causes of visual impairment relate to damage, disease, or degeneration in the eyes or its connected nervous system (Congdon, Friedman, & Lietman, 2003). In most cases, vision loss does not affect an individual’s exercise capacity (Lieberman, Ponchilla, & Ponchilla, 2013). Despite this, adults with visual impairments are shown to have fewer weekly hours of PA, especially PA of moderate to high intensity, compared with adults without visual impairments (van Landingham, Willis, Vitale, & Ramulu, 2012; Willis, Jefferys, Vitale, & Ramulu, 2012; Augestad & Jiang, 2015). The lower PA levels may be explained by the vicious circle phenomenon. Hence, many adults with visual impairments experience barriers when participating in PA, such as functional limitations, dependency, mobility problems, disabling environments, and fear of injuries (Griffin, Smith, Howe, & Phoenix, 2016). These barriers could decrease an adult’s PA, leading to co-morbid conditions that may function as additional barriers when attempting exercise.
Any degree of visual impairment is found to be a risk factor for mental health problems such as anxiety and depression (Cumberland & Rahi, 2016). The prevalence of subthreshold anxiety and depression in adults with visual impairments have been shown to range between 9.3–15.6% and 11.3–32.2% (Evans, Fletcher, & Wormald, 2007; van der Aa, Comijs, Penninx, van Rens, & van Nispen, 2015, 2015; Zhang et al., 2013), and the estimates are equal or higher than found in general adult populations (Johansson, Carlbring, Heedman, Paxling, & Andersson, 2013; Nes & Clench-Aas, 2011). The aetiology of anxiety and depression among adults with visual impairment is less known, but are suggested to be related to difficulties adjusting to the vision loss, identity problems, dependency, social exclusion, and functional limitations (Senra et al., 2015). If not treated, mental health problems could have additional impact on the health and functioning of individuals with visual impairments (Crews, Jones, & Kim, 2006).
A few studies we know of have examined the relationship between PA and anxiety or depression symptoms in adults with visual impairments (Capella-McDonnall, 2011; Di Cagno et al., 2013). However, only one study had a prospective study design (Capella-McDonnall, 2011). In addition, the possible effects of PA on symptoms of anxiety or depression may be dependent on the PA dose (Schuch et al., 2016). Since the previous publications have merely assessed specific PA characteristics or sports, there is a need of studies that takes into consideration the individuals’ total PA levels.
Therefore, the aim of our prospective cohort study was to examine the association between leisure-time PA and symptoms of anxiety and depression in adults with and without self-reported visual impairments.

2. Method
2.1 Design and participants
The Nord-Trøndelag Health Study (HUNT) is a prospective cohort study including all residents aged ≥ 20 years living in the county of Nord-Trøndelag, Norway (Holmen et al., 2003). Baseline data were collected in the second wave of the HUNT (HUNT2 Survey, 1995–1997), with a follow-up around 11 years later (HUNT3 Survey, 2006–2008). Both surveys had two measurement phases. The first phase included the completion of a postal questionnaire and the second phase included the completion of a clinical examination and a questionnaire. Each of the questionnaires requested information about the participants’ demographics, lifestyle behaviours, somatic and mental health.
Of the 92,936 adults who were invited to participate in HUNT2, 65,237 (69.5%) were enrolled in our study by completing and returning the first questionnaire. Of those participating in HUNT2, 37,070 (56.8%) also participated in HUNT3. The main reasons for dropout between HUNT2 and HUNT3 were death, emigration, and non-attendance (Krokstad et al., 2012). Our study was restricted to participants aged < 67 years at HUNT2, which is the ordinary retirement age in Norway. Finally, 34,393 participants were included in the study, of which 3719 (10.8%, mean age: 51.7 years) adults reported visual impairment and 30,674 (89.2%, mean age: 44.2 years) did not report any visual impairment. Most adults described their visual impairment as ‘a little’, followed by ‘some’ and ‘severe’ visual impairment (Figure 1). More details of the sample characteristics are shown in Table 1.
2.2 Measures
2.2.1 Visual impairment

Baseline information on the participants’ perceived experience of visual impairment was assessed by a two-item questionnaire. The participants had to first answer the following question: ‘Do you have a long-term disease, injury, or condition (at least one year) of a physical or mental character that impairs your functioning in daily life?’ Those who answered ‘yes’ were asked to describe whether they had a degree of visual impairment. The response alternatives were ‘a little impairment’, ‘some impairment’, and ‘severe impairment’. Adults who reported that they had a degree of visual impairment were included in the self-reported visual impairment (SRVI) category, while adults who did not report any visual impairment were included in the self-reported no visual impairment (SRNI) category. Not all adults with SRVI scored ‘yes’ on the first question. We chose to include those adults in the main analysis as it had only a minor impact on our estimates.
2.2.2 Physical activity

In HUNT2 and HUNT3, the participants reported their average weekly hours of low intensity PA (no sweating, not out of breath) and moderate to high intensity PA (sweating, out of breath) during their leisure time and commute time by selecting one of the following response alternatives for hours per week: none, < 1, 1–2, or 3 or more. The PA questionnaire has previously been validated among a sample of Norwegian men in the age group 20–39 years (Kurtze, Rangul, Hustvedt, & Flanders, 2007). Low intensity PA was found to correlate poorly with maximal oxygen consumption (VO2-max) measurements (r = −0.03) and the long version of the International Physical Activity Questionnaire (IPAQ-L) (r = −0.08). By contrast, moderate to high intensity PA correlated moderately with VO2-max (r = 0.46) and IPAQ-L (r = 0.31).
A summary index of PA was created to assess the participants’ total amount of PA during leisure time (Augestad, Schei, Forsmo, Langhammer, & Flanders, 2004). Low intensity PA was included as a crude score, while moderate to high intensity PA was weighted 2.5 for each increase in score on that particular variable. Next, the scores were summarized into a PA index, and categorized into low, moderate, and high scores by dividing the index at the 33.3rd and 66.6th percentiles. The cut-off was 3 and 5.5 points. The PA index had a moderate, linear correlation between HUNT2 and HUNT3 (r = 0.35).
2.2.3 Anxiety and depression

The Hospital Anxiety and Depression Scale (HADS) was designed as a survey tool for identifying anxiety and depression for medical hospital patients. At both HUNT2 and HUNT3, the subjects were asked to report the feelings they had experienced during the last week. The questionnaire consisted of two subscales, seven items for anxiety (HADS-A) and seven items for depression (HADS-D). A 4-point Likert scale was used on each question, ranging from 0 (not present) to 3 (maximally present). Therefore, both HADS-A and HADS-D yield a sum score ranging from 0 to 21 points (Zigmond & Snaith, 1983). We found moderate, linear correlations between HUNT2 and HUNT3 for HADS-A (r = 0.54) and for HADS-D (r = 0.58). In our statistical analyses, anxiety and depression symptoms were treated as continuous variables. Both HADS subscales were right skewed, and none of the variables met the normality assumption after data transformation. Therefore, the HADS subscales were treated as untransformed variables in the analyses.
2.2.4 Covariates
Detailed information about the selection procedure, measurement, and study variables can be found using HUNT Databank software, which is currently accessible via the Internet. We identified possible confounding factors from previous publications and a priori reasoning (Miettinen & Cook, 1981). Suspected confounders of the association between PA and HADS-A or HADS-D were: age (linear), smoking status (no, former, current), monthly alcohol consumption (none/teetotaller, 1–4, ≥ 5), education (years: < 10, 10–12, > 12), occupational status (in work, not in work), and a history of somatic or mental conditions (no, yes). A history of somatic or mental conditions encompassed: angina pectoris, myocardial infarction, stroke, hyperthyroidism, hypothyroidism, asthma, cancer, diabetes, epilepsy, and any mental disorders.

Body mass index (BMI), self-rated health, and life satisfaction were identified as potential confounding or mediating factors in the relationship between PA and anxiety or depression. However, our study is not designed for fulfilling the strong assumptions underlying mediation analyses. Therefore, we chose not to include the variables in order to prevent a possible underestimation of the true associations.
2.3 Missing data

Complete cases were used in the primary statistical analyses, while multiple imputation with chained equations (MICE) was used as a supplementary method to examine the possible impact of missing data. The MICE analyses included all adults who participated in HUNT2 and HUNT3 (N = 34,393). Detailed information of the imputation model and the number of subjects with missing data for each imputed variable are presented in the online supplement. Comparing the results from the complete cases and the MICE revealed similar or slightly stronger associations in favour of the MICE approach (results not shown). If we fulfilled the ‘missing at random’ assumption of MICE, our results indicate high reliability of the complete case analyses.
2.4 Statistical methods
We calculated descriptive statistics, including numbers and percentages. Generalized linear models (GLMs) with a gamma distribution and log-link function were used to estimate the mean HADS-A or HADS-D scores at follow-up among each category of the baseline PA index, compared with those in the referent category. The choice of distribution was based on the best fitted model. In all statistical analyses, relative risk (RR) and its corresponding 95% confidence intervals (CIs) were calculated separately for women and men. This choice was based on the notion that previous studies using HUNT data have shown gender-specific associations between PA and symptoms of anxiety and depression (Brunes, Augestad, & Gudmundsdottir, 2013, Brunes, Gundmundsdottir, & Augestad, 2015). Effect-measure modification (also called moderation) was tested for by including visual impairment and PA as a product term in the regression model with either HADS-A or HADS-D, and then using the likelihood ratio test to compare models with and without the product term (Greenland, 2008).
Three supplementary analyses were conducted by: (1) including PA measured in HUNT3 in the binomial GLMs because the participant’s PA levels might have changed between 1995–1997 and 2006–2008; (2) conducting the main analysis for the crude PA scores instead of the PA index; and (3) adjusting for baseline measures of HADS-A or HADS-D in addition to all indicated covariates because of its possible influence on future PA levels and mental health problems. The results from the supplementary analyses are included in the online supplement.
All analyses were stratified for visual impairment and gender. All analyses were either unadjusted or adjusted for all indicated covariates. The low PA category was the reference category. The significance level was set at p = 0.05. The statistical analyses were carried out using Stata Version 13 (Stata Corp., Texas, USA).

2.5 Ethics

The study followed the ethical principles stated by the Declaration of Helsinki. All participants gave their written consent to take part in the study. The study was approved by the Regional Committee for Medical and Health Research Ethics (Regional komitee for medisinsk og helsefaglig forskningsetikk, avdeling Midt Norge (REK midt)). The HUNT Research Centre gave us permission to analyse the data.

3. Results
The participants’ baseline characteristics according to their visual impairments and gender are presented in Table 1. In total, 10.3% of adults with SRVI and 6.0% of adults with SRNI reported that they did not engage in any leisure-time PA at baseline. As shown in Figure 2, the prevalence of HADS-defined anxiety and depression (a score ≥ 8) in adults with SRVI in HUNT3 was almost twice as high as the prevalence for adults with SRNI (Zigmond & Snaith, 1983).
Women with SRVI who scored in the highest tertile on the baseline PA index had a 24% lower risk of depression symptoms at follow-up than women with SRVI who scored low PA, after adjusting for possible confounders. Among men with SRVI, PA was not related to mean HADS-D scores (Table 2). Among women and men with SRNI, significantly fewer symptoms of depression in HUNT3 were found among those with moderate and high baseline PA scores compared with low scores on the PA index. After controlling for possible confounders, the RRs were pulled towards the null, but remained statistically significant for the high PA category. No statistically significant effect-measure modifications were observed (Table 2).
As shown in Table 3, leisure-time PA was not related to anxiety symptoms in women and men with SRVI. In women and men with SRNI, mean scores on HADS-A were somewhat lower among those who scored high baseline PA compared with their less physically active counterparts. However, the associations became non-significant after adjustments for possible confounders (Table 3). None of the risk-ratio modifications were statistically significant (Table 3).
We conducted three supplementary analyses. First, we observed that the results from the analyses of concurrent associations were similar to those found in the main analyses (Table S1 and S2). Second, among women and men with SRNI, the results showed that both low and moderate to high intensity PA at baseline were significantly associated with lower HADS-D score at follow-up, but not HADS-A score. Among women with SRVI, only 1–2 hours per week of moderate to high PA at baseline were significantly associated with fewer depression symptoms at follow-up compared with the referent group of no moderate to high intensity PA. Among men with SRVI, no significant associations were observed between the crude PA variables and symptoms of anxiety and depression (Table S3 and S4). Third, after additionally adjusting for baseline depression, the strength of the association between PA index and depression symptoms became weaker for all subgroups, and the associations turned non-significant for women with SRVI and for women with SRNI (Table S5).
4. Discussion
The primary finding of this prospective cohort study was that high baseline PA scores were significantly associated with fewer depression symptoms at follow-up compared with lower scores among adults with SRVI and SRNI, after controlling for possible confounders. However, in the SRVI category, the associations were statistically significant for women only. Furthermore, leisure-time PA were not found to be related to anxiety symptoms. None of the risk-ratio modifications reached statistical significance, despite the non-significant differences in risk estimates between adults with SRVI and SRNI.
4.1 Physical activity and depression symptoms
Only two previous studies have examined the association between PA and depression symptoms among adults with visual impairments. In a prospective observational study in the US including 2688 elderly adults, lower depression scores were found among adults with dual sensory loss who maintained ≥ 2–3 times of high-intensity PA per week during the 13-year follow-up than adults with dual sensory loss who had less PA during the same time period (Capella-McDonnall, 2011). In a cross-sectional study including a convenience sample of 30 young Italian adults, Di Cagno et al. (2013) observed significantly fewer depression symptoms in adults with severe visual impairment or blindness playing Torball (a ball game for people with visual impairments) compared with adults with severe visual impairment or blindness not playing any sports. Our study results add to the current knowledge base by showing that high baseline PA scores were more beneficial with regard to depression symptoms at follow-up than moderate and low PA scores, especially for women with SRVI.
We can only guess the possible mechanisms being involved. Scoring high on our PA index is equal to or higher than the 150 minutes of moderate intensity PA/week that is needed to maintain or improve functioning (World Health Organization, 2010). Since visual impairment could limit the adult’s functional performance and independency (Crews et al., 2006), one possible explanation for our results may be that high PA levels lowers depression symptoms by improving the adult’s functional status. Leisure-time PA is related to enjoyable and meaningful activities. Therefore, other potential mechanisms explaining why leisure-time PA can reduce depression symptoms may be through its role of being a mood-regulating tool and replacing passive activities with more enjoyable and pleasurable activities (Craft, 2015). These mechanisms seem plausible given that life dissatisfaction and negative emotions are more frequently reported in adults with visual impairments than in adults without visual impairments (Fenwick et al., 2012; Senra et al., 2015). Because the relationship between PA and depressive symptoms is complex and reciprocal in nature (Lindwall, Larsman, & Hagger, 2011), we cannot exclude the possibility that depression symptoms led to lower levels of PA. 

In our supplementary analysis, we adjusted for baseline depression. It seems reasonable to adjust for baseline differences in HADS-D scores given that depression symptoms may influence PA and depression in the future (Lindwall et al., 2011). However, when there is considerable measurement error of the outcome, adjustment for baseline measures might result in inflated associations (Glymore, Weuve, Berkman, Kawachi, & Robins, 2005). In accordance with our expectations, the adjustments led to an attenuation of the associations.

4.2 Physical activity and anxiety symptoms

This is the first prospective study examining the association between PA and anxiety symptoms in a sample of individuals with visual impairment. In adults with SRVI and SRNI, after adjusting for possible confounders, cross-sectional and prospective analyses revealed no significant associations of leisure-time PA with anxiety symptoms. Most randomized controlled trials (RCTs) of adult populations have found that exercise is associated with fewer anxiety symptoms (Herring et al., 2010; Stonerock et al., 2015), whereas mixed results have been shown in observational studies with prospective designs (Brunes et al., 2015; de Moor et al., 2008; Jonsdottir et al., 2010). However, observational studies are less suitable than RCTs to address cause and effect because the temporal relationship between PA and anxiety symptoms is less clear. Nevertheless, as stated in a systematic review, there is not enough evidence yet to support a direct effect of PA on anxiety symptoms (Stonerock et al., 2015).
4.3 Subgroup differences

We found that the strength of the association between leisure-time PA and symptoms of anxiety and depression did not differ as a function of visual impairment (Table 2 and 3). When it comes to the discussion about depression, these results indicate that leisure-time PA may be equally beneficial for reducing depression symptoms in populations with and without visual impairment. Although the effect sizes were generally weak, our findings are promising in a public health perspective given the high burden of depression and physical inactivity in the general population (Lee et al., 2012; World Health Organization, 2015) and in populations with visual impairments (van der Aa et al., 2016; Willis et al., 2012). However, it cannot be ruled out that leisure-time PA is more beneficial in either of the study groups since assessments of effect-measure modification have limitations, such as the issues of power and the issue of scale dependence (Greenland et al., 2008).

4.4 Strengths and limitations

The main strengths of our study were the large sample size, the prospective study design, the inclusion of different aspects of PA and mental health problems, restricting our analyses to a more homogeneous sample with regard to age, and addressing the possible impact of confounding bias and non-response bias.
A number of limitations should be considered. First, a non-validated question of visual impairment was used. However, we assume that those who reported a degree of SRVI truly experienced their vision to be impaired. Our findings remained similar after taking into consideration the severity of SRVI at baseline and changes in SRVI from baseline to follow-up (results not shown). Since self-reported questionnaires were used for assessing visual impairment, anxiety, and depression, our study sample may not be representative to populations with a diagnosis of visual impairment, anxiety disorder, or major depressive disorder. Second, we found that men had more depression symptoms than women, which is not in agreement with the scientific literature (Landers & Arent, 2007). This could be partly explained by that HADS assesses psychological and behavioural symptoms (Zigmond & Snaith, 1983), and these symptoms are more common among men than among women (Piccinelli & Wilkson, 2000). Third, we expect that the adult’s total weekly leisure-time PA was underestimated based on how the response alternatives were constructed and the possibility of recall bias (Kurtze et al., 2007). Our results may have been confounded by that those who were categorized with high leisure-time PA were less physically active in other domains of PA compared with those who were categorized with low and moderate leisure-time PA (Kurtze, Rangul, Hanstvedt, & Flanders, 2007). Moreover, we cannot rule out that combining PA of moderate and high intensities into a single variable may have distorted our findings given that moderate intensity activities could be differently associated with mental health problems than high intensity activities (Stanton & Reaburn, 2014). Fourth, study drop-out and non-participation may have resulted in the inclusion of a healthier study population. We expect that people with visual impairments and mental health problems are more hesitant to participate in population-based studies, such as ours (Langhammer, Krokstad, Romundstad, Heggland, & Holmen, 2012).
5. Conclusion

Our results showed that adults with SRVI and SRNI who reported high leisure-time PA scores at baseline had lower depression symptoms 11 years later, compared with those who scored low PA. Furthermore, leisure-time PA was not significantly related to anxiety symptoms. Although the strength of the associations differed somewhat between adults with SRVI and SRNI, no statistically significant subgroup differences were found for visual impairment, neither for women nor for men.
Our results support the hypothesis that leisure-time PA reduces depression symptoms, also for those who live with visual impairment. Nevertheless, the possible causal relationship between PA and mental health problems in adults with SRVI seems to be complex and needs to be examined further, preferably using randomized controlled designs including interventions with different domains, modes, and intensities of activity. Moreover, we encourage future studies to recruit adults with different types of visual impairment, as well as including measures that assesses somatic and behavioural symptoms of anxiety and depression.
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	Table 1

	Baseline characteristics from HUNT2, according to visual impairment and gender.

	
	Womena
	Mena

	
	SRVI (N = 2073)
	SRNI (N = 16,826)
	SRVI (N = 1646)
	SRNI (N = 13,848)

	Characteristics
	N (%)
	N (%)
	N (%)
	N (%)

	Age
	
	
	
	

	< 50 years
	755 (36.4)
	11,485 (68.3)
	643 (39.1)
	9059 (65.4)

	50–67 years
	1318 (63.6)
	5341 (31.7)
	1003 (60.9)
	4789 (34.6)

	Education
	
	
	
	

	< 10 years
	1051 (50.7)
	4791 (28.5)
	623 (37.9)
	3239 (23.4)

	10–12 years
	677 (32.2)
	7661 (45.5)
	749 (45.5)
	7106 (51.3)

	> 12 years
	264 (12.7)
	4118 (24.5)
	226 (13.7)
	3323 (24.0)

	Missing
	91 (4.4)
	256 (1.5)
	48 (2.9)
	180 (1.3)

	Smoking status
	
	
	
	

	No
	865 (41.7)
	7763 (46.1)
	514 (31.2)
	6155 (44.5)

	Previous
	488 (23.5)
	4090 (24.3)
	606 (36.8)
	4266 (30.8)

	Current
	690 (33.3)
	4816 (28.6)
	509 (30.9)
	3343 (24.1)

	Missing
	30 (1.5)
	157 (0.9)
	17 (1.0)
	84 (0.6)

	Body mass index
	
	
	
	

	< 25 kg/m2
	758 (36.6)
	8286 (49.3)
	492 (30.0)
	4830 (34.9)

	25–29.9 kg/m2
	854 (41.2)
	6079 (36.1)
	876 (53.2)
	7227 (52.2)

	≥ 30 kg/m2
	455 (22.0)
	2386 (14.2)
	268 (16.3)
	1751 (12.6)

	Missing
	6 (0.3)
	75 (0.5)
	10 (0.6)
	40 (0.3)

	Alcohol consumption
	
	
	
	

	None/teetotal
	1047 (50.5)
	6433 (38.2)
	458 (27.8)
	2965 (21.4)

	1–3 times/month
	594 (28.9)
	6595 (39.2)
	608 (36.9)
	5838 (42.2)

	≥ 4 times/month
	299 (14.4)
	3099 (18.4)
	520 (31.6)
	4656 (33.6)

	Missing
	133 (6.4)
	699 (4.2)
	60 (3.7)
	389 (2.1)

	Chronic diseases
	
	
	
	

	No
	1074 (51.8)
	11,898 (70.7)
	988 (60.0)
	10,817 (78.1)

	Yes
	795 (38.4)
	3938 (23.4)
	570 (34.6)
	2592 (18.7)

	Missing
	204 (9.8)
	990 (5.9)
	88 (5.4)
	439 (3.2)

	Self-rated health
	
	
	
	

	Poor/not so good
	1056 (50.9)
	3243 (19.3)
	742 (45.1)
	2189 (15.8)

	Good/very good
	1006 (48.5)
	13,424 (79.8)
	891 (54.1)
	11,574 (83.6)

	Missing
	11 (0.5)
	159 (0.9)
	13 (0.8)
	85 (0.6)

	HADS-depression
	
	
	
	

	< 8 points
	1575 (76.0)
	14,683 (87.3)
	1279 (77.7)
	12,150 (87.7)

	≥ 8 points
	309 (14.9)
	1213 (7.2)
	291 (17.7)
	1082 (7.8)

	Missing
	189 (9.1)
	930 (5.5)
	76 (4.6)
	616 (4.5)

	HADS-anxiety
	
	
	
	

	< 8 points
	1219 (58.8)
	12,618 (75.0)
	1179 (71.6)
	11,356 (82.0)

	≥ 8 points
	475 (22.9)
	2247 (13.4)
	283 (17.2)
	1400 (10.1)

	Missing
	379 (18.3)
	1961 (11.7)
	184 (11.2)
	1092 (7.9)


	Table 1 continued
	
	
	
	

	Occupational status
	
	
	
	

	In work
	861 (41.5)
	11,084 (65.9)
	1033 (62.8)
	11,858 (85.6)

	Not in workb
	1173 (56.6)
	5514 (32.8)
	594 (36.1)
	1872 (13.5)

	Missing
	39 (1.9)
	228 (1.4)
	19 (1.2)
	118 (0.9)

	Low intensity PA
	
	
	
	

	None
	149 (7.2)
	727 (4.3)
	154 (9.4)
	896 (6.5)

	< 1 hour
	358 (17.3)
	2566 (15.3)
	266 (16.2)
	2449 (17.7)

	1–2 hours
	687 (33.1)
	6524 (38.8)
	494 (30.0)
	4511 (32.6)

	≥ 3 hours
	593 (28.6)
	5360 (31.9)
	515 (31.3)
	4185 (30.2)

	Missing
	286 (13.8)
	1649 (9.8)
	217 (13.2)
	1807 (13.1)

	Moderate to high intensity PA
	
	
	
	

	None
	698 (33.7)
	4742 (28.2)
	479 (29.1)
	3101 (22.4)

	< 1 hour
	305 (14.7)
	3569 (21.2)
	300 (18.2)
	3328 (24.0)

	1–2 hours
	203 (9.8)
	3054 (18.2)
	273 (16.6)
	2992 (21.6)

	≥ 3 hours
	89 (4.3)
	1016 (6.0)
	191 (11.6)
	1954 (14.1)

	Missing
	778 (37.5)
	4445 (26.4)
	403 (24.5)
	2473 (17.9)

	PA indexb
	
	
	
	

	Low
	547 (26.4)
	3756 (22.3)
	383 (23.3)
	2591 (18.7)

	Moderate
	333 (16.1)
	3196 (19.0)
	304 (18.5)
	2774 (20.0)

	High
	358 (17.3)
	4573 (27.2)
	452 (27.5)
	4624 (33.4)

	Missing
	835 (40.3)
	5301 (31.5)
	507 (30.8)
	3859 (27.9)


Notes: Anxiety and Depression Scale; PA = physical activity

a The results from the Pearson’s chi-squared analyses indicated that all characteristics were significantly differently between those with SRVI and those with SRNI (p < 0.05), as well as between men and women (p < 0.05)

b ‘not in work’ includes being unemployed, retired, homemaker, in education, or in military service
Table 2
	
	HADS depression subscale
	Test for EMMd

	
	Self-reported visual impairment (N = 3719)
	Self-reported no visual impairment (N = 30,674)
	

	PA indexc
	Mean (SD)
	RR (95% CI)a
	RR (95% CI)b
	Mean (SD)
	RR (95% CI)a
	RR (95% CI)b
	χ2, p-value

	Women
	
	
	
	
	
	
	

	Low
	4.44 (3.17)
	Reference
	Reference
	3.26 (2.87)
	Reference
	Reference
	

	Moderate
	4.60 (3.10)
	1.04 (0.93–1.15)
	1.06 (0.94–1.20)
	3.06 (2.70)
	0.94 (0.90–0.99)
	0.99 (0.94–1.04)
	

	High
	3.64 (2.71)
	0.82 (0.74–0.91)
	0.88 (0.77–0.99)
	2.68 (2.66)
	0.82 (0.79–0.86)
	0.91 (0.87–0.96)
	1.22, p=0.54

	Men
	
	
	
	
	
	
	

	Low
	4.73 (3.10)
	Reference
	Reference
	3.92 (3.09)
	Reference
	Reference
	

	Moderate
	4.79 (3.28)
	1.01 (0.91–1.14)
	1.01 (0.89–1.13)
	3.58 (2.84)
	0.91 (0.87–0.96)
	0.94 (0.89–0.99)
	

	High
	4.38 (3.02)
	0.93 (0.84–1.02)
	0.95 (0.85–1.06)
	3.15 (2.68)
	0.83 (0.77–0.84)
	0.85 (0.81–0.89)
	2.17, p=0.34


 Mean HADS depression scores (HUNT3) with physical activity (HUNT2), according to visual impairment and gender.
Notes: PA = physical activity; HADS = Hospital Anxiety and Depression Scale; RR = relative risks; CI = confidence interval; EMM: effect-measure modification
a Unadjusted

b Age (linear), smoking status (no, current, present), education (years: < 10, 10–12, > 12), occupational status (in work, not in work), alcohol consumption (no/teetotaller, 1–4, ≥ 5), and a history of somatic or mental conditions (no, yes)

c A sum score of low intensity PA and moderate to high intensity PA
d Likelihood ratio test comparing the fully adjusted model with main effects and the fully adjusted model including visual impairment and PA as an interaction term 
Table 3
Mean HADS anxiety scores (HUNT3) with physical activity (HUNT2), according to visual impairment and gender.
	
	HADS anxiety subscale
	Test for EMMd

	
	Self-reported visual impairment (N = 3719)
	Self-reported no visual impairment (N = 30,674)
	

	PA indexc
	Mean (SD)
	RR (95% CI)a
	RR (95% CI)b
	Mean (SD)
	RR (95% CI)a
	RR (95% CI)b
	χ2, p-value

	Women
	
	
	
	
	
	
	

	Low
	5.37 (3.39)
	Reference
	Reference
	4.27 (3.47)
	Reference
	Reference
	

	Moderate
	5.54 (3.77)
	1.03 (0.93–1.15)
	1.05 (0.93–1.19)
	4.21 (3.26)
	0.99 (0.95–1.03)
	1.01 (0.97–1.06)
	

	High
	4.98 (3.51)
	0.93 (0.83–1.03)
	0.95 (0.84–1.07)
	4.00 (3.29)
	0.94 (0.90–0.98)
	0.98 (0.93–1.02)
	0.61, p=0.74

	Men
	
	
	
	
	
	
	

	Low
	3.95 (3.06)
	Reference
	Reference
	3.53 (3.13)
	Reference
	Reference
	

	Moderate
	4.34 (3.39)
	1.10 (0.96–1.25)
	1.10 (0.95–1.26)
	3.50 (2.99)
	0.99 (0.94–1.04)
	1.02 (0.97–1.07)
	

	High
	4.04 (3.17)
	1.02 (0.91–1.15)
	1.05 (0.92–1.19)
	3.33 (2.80)
	0.94 (0.90–0.99)
	0.97 (0.96–1.05)
	0.83, p=0.66


Notes: PA = physical activity; HADS = Hospital Anxiety and Depression Scale; RR = relative risks; CI = confidence interval; EMM: effect-measure modification
a Unadjusted

b Age (linear), smoking status (no, current, present), education (years: < 10, 10–12, > 12), occupational status (in work, not in work), alcohol consumption (no/teetotaller, 1–4, ≥ 5), and a history of somatic or mental conditions (no, yes)
c A sum score of low intensity PA and moderate to high intensity PA

d Likelihood ratio test comparing the fully adjusted model with main effects and the fully adjusted model including visual impairment and PA as an interaction term
Table S1
Concurrent assessments of physical activity and HADS-defined depression (HUNT3), according to visual impairment and gender.
	

	HADS depression subscale

	
	Self-reported visual impairment (N = 3719)
	Self-reported no visual impairment (N = 30,674)

	PA indexc
	Mean (SD)
	RRa
	RR (95% CI)b
	Mean (SD)
	RRa
	RR (95% CI)b

	Women
	
	
	
	
	
	

	Low
	4.44 (3.16)
	Ref
	Ref
	3.26 (2.88)
	Ref
	Ref

	Moderate
	4.59 (3.11)
	1.03
	1.07 (0.95–1.20)
	3.06 (2.70)
	0.94
	0.98 (0.93–1.03)

	High
	3.64 (2.71)
	0.82
	0.86 (0.77–0.97)
	2.68 (2.66)
	0.82
	0.89 (0.85–0.93)

	Men
	
	
	
	
	
	

	Low
	4.74 (3.12)
	Ref
	Ref
	3.93 (3.08)
	Ref
	Ref

	Moderate
	4.78 (3.27)
	1.01
	0.99 (0.88–1.11)
	3.57 (2.84)
	0.91
	0.92 (0.87–0.97)

	High
	4.38 (3.02)
	0.92
	0.91 (0.82–1.02)
	3.15 (2.68)
	0.80
	0.83 (0.79–0.87)


PA = physical activity; HADS = Hospital Anxiety and Depression Scale; RR: relative risks. CI: confidence interval; Ref: reference

a Unadjusted

b Age (linear), smoking status (no, current, present), alcohol consumption (no/teetotaller, 1–4, ≥ 5), and a history of somatic or mental conditions (no, yes)

c a sum score of low intensity PA and moderate to high intensity PA

Table S2

Concurrent assessments of physical activity and HADS-defined anxiety (HUNT3), according to visual impairment and gender.
	

	HADS anxiety subscale

	
	Self-reported visual impairment (N = 3719)
	Self-reported no visual impairment (N = 30,674)

	PA indexc
	Mean SD
	RR (95% CI)a
	RR (95% CI)b
	Mean SD
	RR (95% CI)a
	RR (95% CI)b

	Women
	
	
	
	
	
	

	Low
	5.37 (3.98)
	Ref
	Ref
	4.27 (3.47)
	Ref
	Ref

	Moderate
	5.54 (3.78)
	1.03
	1.06 (0.93–1.17)
	4.21 (3.26)
	0.99
	1.00 (0.96–1.04)

	High
	4.98 (3.51)
	0.93
	0.92 (0.87–1.03)
	4.00 (3.28)
	0.94
	0.96 (0.92–1.00)

	Men
	
	
	
	
	
	

	Low
	3.98 (3.13)
	Ref
	Ref
	3.54 (3.12)
	Ref
	Ref

	Moderate
	4.30 (3.31)
	1.08
	1.09 (0.95–1.24)
	3.49 (3.00)
	0.99
	1.00 (0.95–1.05)

	High
	4.04 (3.17)
	1.02
	1.02 (0.90–1.15)
	3.33 (2.80)
	0.94
	0.95 (0.91–1.00)


Note. PA = physical activity; HADS = Hospital Anxiety and Depression Scale; RR: relative risks; CI: confidence interval; Ref: reference

a Unadjusted

b Age (linear), smoking status (no, current, present), alcohol consumption (no/teetotaller, 1–4, ≥ 5), and a history of somatic or mental conditions (no, yes)

c a sum score of low intensity PA and moderate to high intensity PA

Table S3

Mean HADS scores (HUNT3) with moderate- to high-intensity physical activity (HUNT2), according to visual impairment and gender.
	
	Self-reported visual impairment (N = 3719)
	Self-reported no visual impairment (N = 30,674)

	
	HADS-Anxiety
	HADS-Depression
	HADS-Anxiety
	HADS-Depression

	Hours of MHPA
	RRa
	RR (95% CI)b
	RRa
	RR (95% CI)b
	RRa
	RR (95% CI)b
	RRa
	RR (95% CI)b

	Women
	
	
	
	
	
	
	
	

	None
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref

	< 1
	1.03
	1.05 (0.94–1-19)
	0.95
	1.01 (0.89–1.14)
	0.97
	1.00 (0.96–1.04)
	0.91
	0.99 (0.94–1.04)

	1–2
	0.88
	0.90 (0.77–1.03)
	0.77
	0.85 (0.72–0.96)
	0.93
	0.97 (0.93–1.02)
	0.80
	0.89 (0.85–0.94)

	≥ 3
	0.91
	0.92 (0.75–1.12)
	0.77
	0.85 (0.70–1.05)
	0.96
	0.97 (0.91–1.04)
	0.82
	0.91 (0.85–0.98)

	Men
	
	
	
	
	
	
	
	

	None
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref

	< 1
	1.05
	1.07 (0.94–1.23)
	0.98
	1.00 (0.89–1.12)
	0.98
	1.00 (0.96–1.05)
	0.88
	0.93 (0.88–0.97)

	1–2
	1.02
	1.02 (0.88–1.17)
	0.88
	0.91 (0.81–1.03)
	0.96
	0.99 (0.94–1.04)
	0.81
	0.86 (0.82–0.90)

	≥ 3
	0.96
	1.02 (0.87–1.19)
	0.84
	0.90 (0.79–1.03)
	1.00
	1.02 (0.97–1.08)
	0.82
	0.86 (0.81–0.91)


Note. MHPA = moderate- to high-intensity physical activity; HADS = Hospital Anxiety and Depression Scale; RR = relative risks; CI = confidence interval; Ref = reference

a Unadjusted

b Age (linear), smoking status (no, current, present), education (years: < 10, 10–12, > 12), occupational status (in work, not in work), alcohol consumption (no/teetotaller, 1–4, ≥ 5), and a history of somatic or mental conditions (no, yes)

Table S4
Mean HADS scores (HUNT3) with low-intensity physical activity (HUNT2), according to visual impairment and gender.
	
	Self-reported visual impairment (N = 3719)
	Self-reported no visual impairment (N = 30,674)

	
	HADS-Anxiety
	HADS-Depression
	HADS-Anxiety
	HADS-Depression

	Hours of LPA
	RRa
	RR (95% CI)b
	RRa
	RR (95% CI)b
	RRa
	RR (95% CI)b
	RRa
	RR (95% CI)b

	Women
	
	
	
	
	
	
	
	

	None
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref

	< 1
	0.96
	0.90 (0.76–1.08)
	0.88
	0.86 (0.71–1.03)
	0.98
	1.01 (0.93–1.10)
	0.93
	0.98 (0.89–1.07)

	1–2
	0.96
	0.94 (0.80–1.11)
	0.95
	0.98 (0.82–1.15)
	0.92
	0.97 (0.90–1.04)
	0.84
	0.90 (0.83–0.98)

	≥ 3
	0.89
	0.88 (0.74–1.04)
	0.86
	0.89 (0.75–1.06)
	0.93
	0.97 (0.91–1.05)
	0.80
	0.87 (0.80–0.95)

	Men
	
	
	
	
	
	
	
	

	None
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref

	< 1
	1.01
	1.00 (0.84–1.20)
	1.02
	1.01 (0.86–1.17)
	1.05
	1.07 (0.99–1.15)
	0.89
	0.92 (0.85–0.99)

	1–2
	0.98
	1.03 (0.87–1.22)
	0.92
	0.91 (0.79–1.05)
	1.02
	1.05 (0.98–1.13)
	0.84
	0.85 (0.80–0.92)

	≥ 3
	1.01
	1.05 (0.89–1.24)
	0.93
	0.92 (0.79–1.05)
	0.98
	1.02 (0.94–1.09)
	0.78
	0.80 (0.75–0.86)


Note. LPA = low intensity physical activity; HADS = Hospital Anxiety and Depression Scale; RR = relative risks; CI = confidence interval; Ref = reference

a Unadjusted

b Age (linear), smoking status (no, current, present), education (years: < 10, 10–12, > 12), occupational status (in work, not in work), alcohol consumption (no/teetotaller, 1–4, ≥ 5), and a history of somatic or mental conditions (no, yes)

Table S5

	
	Self-reported visual impairment (N = 3719)
	Self-reported no visual impairment (N = 30,674)

	
	HADS-Anxiety
	HADS-Depression
	HADS-Anxiety
	HADS-Depression

	PA indexb
	RR (95% CI)a
	RR (95% CI)a
	RR (95% CI)a
	RR (95% CI)a

	Women
	
	
	
	

	Low
	Ref
	Ref
	Ref
	Ref

	Moderate
	1.07 (0.95–1.20)
	1.13 (1.00–1.27)
	1.03 (0.99–1.08)
	1.02 (0.97–1.07)

	High
	0.97 (0.86–1.09)
	0.94 (0.84–1.06)
	1.00 (0.96–1.04)
	0.98 (0.93–1.03)

	Men
	
	
	
	

	Low
	Ref
	Ref
	Ref
	Ref

	Moderate
	1.06 (0.92–1.21)
	1.00 (0.89–1.13)
	1.04 (0.99–1.10)
	0.98 (0.93–1.03)

	High
	1.00 (0.88–1.13)
	0.98 (0.88–1.09)
	1.00 (0.96–1.05)
	0.92 (0.88–0.96)


Associations between mean HADS scores (HUNT3) and physical activity (HUNT2) after additional adjustments for baseline measures of the outcome.
Note. MHPA = moderate- to high-intensity physical activity; HADS = Hospital Anxiety and Depression Scale; RR = relative risks; CI = confidence interval; Ref = reference

a Age (linear), smoking status (no, current, present), education (years: < 10, 10–12, > 12), occupational status (in work, not in work), alcohol consumption (no/teetotaller, 1–4, ≥ 5), and a history of somatic or mental conditions (no, yes), and baseline HADS anxiety or depression scores (linear)

b a sum score of low intensity PA and moderate to high intensity PA
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