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Introduction: Healthy aging and good quality of life is important to allow older people to

live at home. Lighting is a significant environmental attribute promoting visual, physical, and

mental health. Due to normal visual age changes, older people need more light, but improv-

ing indoor lighting levels receives little attention.

Objective: To investigate the impact of improved home lighting on abilities to perform

activities of daily living (ADLs) and quality of life in healthy older people.

Methods: Sixty healthy 77 years old living at home participated during the 4-month dark

winter period. In the intervention group (IG, n=30), the living room lighting was optimized by

providing lamps and a basic control system with three preset levels (normal, medium, low).

Participants chose the light level and kept a diary. No change was implemented for the control

group (CG, n=30). A questionnaire measured self-reported visual and general health and ability

to perform ADL in regards to lighting before and after the intervention in both groups.

Results: In the IG, lighting levels significantly improved self-assessed lighting levels,

abilities to perform ADLs, and read and write in the living room (all p<0.03). In the CG

the only change was a deterioration in performing ADLs (p<0.05). The difference in change

was significant between the IG and CG (all p<0.02). “Normal” lighting was the preferred

level and increased comfort and well-being. The IG also resumed visually demanding tasks,

and acknowledged that avoiding these tasks were mainly due to poor lighting.

Conclusions: Good vision is essential in promoting healthy aging at home and require adequate

lighting. This can easily be achieved using a basic light system. Adopting to higher lighting levels

evolves quickly. Our results suggest that improved quality of light could improve quality of life,

and lighting should be included as a factor promoting healthy aging at home.

Keywords: home environment, older people, aging, vision, health promotion, lighting

intervention

Introduction
Increased life expectancy and improved living conditions in combination with an escalat-

ing older population with health care needs will lead to great challenges in Norway and

internationally.1–3 Arranging for people to remain living at home as long as possible may

result in both improved quality of life, health and significant social economic effects.4

Healthy aging is defined by the WHO as “the process of developing and maintaining the

functional ability that enableswellbeing in older age.”5 Functional ability is influenced by

both environmental and individual capacities. Good vision is important to enable living at

home and performing everyday tasks. Due to normal age-related vision loss, older people
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need correct glasses and more light to perform daily activities

efficiently and safely. Reduced vision negatively effects gen-

eral health and basic activities of daily living (ADLs, eg,

dressing, transferring) and instrumental activities of daily liv-

ing (IADLs, eg, reading6). Poor vision is associated with an

increased risk of trips and falls, often resulting in fractures

and other injuries,7–10 feelings of loneliness, depression, and

anxiety.9,11–15 Poor lighting exacerbates these problems, and

older people commonly report difficulties reading in dim light

and are only able to drive during the day.16–19 Insufficient and

poor lighting increase the risk of fall accidents among older

people.20–23 Lighting is thus a significant environmental factor

promoting visual, physical, and mental health,24–26 enabling

successful aging at home. This was found more than 20 years

ago, when Sörensen and Brunström showed that improved

indoor lighting increased the quality of life in healthy older

people living at home.27 Since then, however, the need for

more light to promote healthy aging at home, and to compen-

sate for normal age-related vision loss, has received little

attention in both the older population28–32 among health care

personnel,19 and public health agencies.4 The focus of lighting

research has been on therapeutic effects of lighting in nursing

homes and in clinical populations, such as thosewith dementia,

depression, seasonal disorders, sleep disorders, and low

vision.33–38

The intervention described in this study is part of a larger

study, where we previously have described the indoor home

lighting levels, self-reported vision and general health, and

ADLs in 114 healthy 75-year-old Norwegians.31 Despite

very low levels of indoor lighting, the participants were

happy and healthy.We also found a large discrepancy between

self-assessed health and recommended lighting levels, and low

awareness of the effect of lighting on age-related vision loss or

daily activities in the future. Consequently, the aims of the

intervention were to investigate how improved lighting

effected abilities to perform ADLs and health-related quality

of life in healthy older persons living at home.

Methods
Design
This intervention study forms Stages II–Vof a study exploring

how indoor lighting effects vision, health, ADL, and quality of

life in healthy older persons living at home (see Figure 1).

Setting
The intervention took place in the living room in the

private homes of healthy older persons living in the

Southeast of Norway. The living room was chosen because

this is where older people spend most of their waking

hours, performing both hobbies, ADLs, IADLs, and social

activities/interactions with friends.

Sample
The intervention was planned for two groups of 30 (Figure 1,

Stage II) of the participants with the poorest living room

lighting levels in Stage I.31 The 77-year-old participants

were stratified according to gender, housing, and co-

habitancy (based on results from Stage I31) to ensure equal

allocation in the intervention group (IG) and the control

group (CG), before being randomly assigned to one of the

groups (Figure 1, Stage III). Exclusion criteria were recipient

of any public health care, the presence of obvious cognitive

impairment or palliation as documented in the medical jour-

nal or by clinical judgment by the health preventative nurse

team (HPNT). Sociodemographic characteristics are pre-

sented in Table 1.

Intervention (Stages III–V)
Figure 1 describes the 4-month intervention which occurred

during the dark winter period (October–February) to avoid

influence from natural daylight (Stages III–V). At the start

and end of the intervention (Stages III and V) both the IG and

CG self-reported visual and general health, and ability to

perform IADLs in regards to lighting using a questionnaire.31

In Stage IV, the lighting was optimized by 1) measuring light

levels and supplementing existing lamps if necessary to

achieve recommended living room lighting levels (200 lux)

for older persons;39 and 2) installing a wireless control sys-

tem with three preset levels. During the intervention period,

the IG kept a diary where they documented the amount of

hours they used each of the three preset light levels.

Aspect on designing a successful home lighting

intervention (Stage IV)

The intervention required evaluation of and physical change

(adding lamps and control system) to the living room and

private homes of older persons. To achieve a successful

intervention, several aspects were important to

consider.39,40 The intrusion to the participant’s personal

taste and interior had to be minimized, and both added

lamps and the control system needed to be as inconspicuous

as possible and not require permanent installations. Both

lamps and the control system needed to be commercially

available and universally designed. In collaboration with

the lighting designers, the following criteria was required
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for all lamps: energy efficient, tolerate a 40 W light bulb,

minimum level of glare, bulbs easy to replace, and reason-

able cost and design. The participants (IG) chose from the

preselected range of floor and table lamps. The control

system was chosen upon fulfilling the following criteria:

wireless, easy to use, programmable light levels, and reason-

able cost and design. The control system connected up to

seven lamps, and enabled three preset levels of lighting. In

Intervention
October-February

Study sample 
Age 75 years

(n=114, 62 females)

IG 
(n=29, 16 females)

Intervention Group (IG)  
(n=30, 17 females)

CG 
(n=29, 14 females) 

Control Group (CG) 
(n=30, 14 females)

Stage I 

Stage II 

Stage III 

Lowest measured light levels
in living roomat stage I

Age 77 years(n=60)

Questionnaire: 
Self-reported visual and general 
health and ability to perform IADL 
in regards to lighting

Data collection/measurement: 
Measure existing living room light level
Optimizing living room light levels
Installing a basic control system
Diary

Questionnaire: 
Self-reported visual and general 
health and abilityto perform IADL 
in regards to lighting
IG only: Evaluated intervention

Stage V 

Stage IV 

Figure 1 Flowchart describing the stages of the study, the intervention is described by Stages II–V. The baseline Stage I is described elsewhere.31.

Table 1 Sociodemographic characteristics of the 77-year-old participants in the intervention and control group at Stage III and

participants in the baseline study at Stage I

Variable IGa

n=30
CGb

n=30
Baselinec

N=114

Gender Female 17 14 62

Male 13 16 52

Housing Detached house 13 13 35

Apartment/semi-detached 17 17 78

Marital status Married/cohabitant 17 15 69

Unmarried/not cohabitant 13 15 44

Ethnic origin Norwegian 29 29 110

Danish 1 1 4

Income High (>39 000 €) 16 14 64

Low (≤39 000 €) 13 14 44

Education level More than compulsory school 10 8 31

Compulsory school 19 22 82

Notes: aIntervention group. bControl group. cBaseline data from the whole sample (Stage I).
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this intervention, we programmed three options: 200 lux

(normal); 100 lux for watching TV (medium); and 50 lux

for “candlelight dinner” (low). In addition, an “off” button

turned off all the lamps connected to the control system.

After a brief instruction, the participants found the control

system easy to use.

Questionnaire (Stages III and V)

All participants reported sociodemographics, IADLs with

respect to indoor lighting levels, symptoms of visual pro-

blems and general health-related quality of life (SF 36) in

a questionnaire31 with 55 questions including free comments.

VASs were used to self-report on the ability to perform

IADLs and visual health. VAS comprises a 100-mm hori-

zontal line whose endpoints represent the positive and nega-

tive extremes pertaining to a particular statement, and the

respondent marks the position that best represented their

level of agreement with the statement. General health-

related quality of life was assessed using SF-36 (Norwegian

version 1.241) with 36 items that assess eight health scales

(physical and social functioning, general and mental health,

role physical and emotional, bodily pain, vitality, and health

transition) over the past year. The physical health summary

measure (PH) andmental-health summary (MH)measure are

aggregated from the health scales.42 The questionnaire took

approximately 45 mins to complete, and all completed the

questionnaire during a visit by the HPNT at Stages III and

V. At the completion of the study (Stage V), the IG addition-

ally assessed the lighting intervention answering eight ques-

tions, including a free text comment.

Light measurements (Stage IV)

The living room lighting optimization in the IG took place

during the dark winter months (Stage IV). Lighting

designers measured the lighting levels 80 cm above floor

level in a 1×1-m2 grid, according to international standard

procedures.31,43 The baseline study31 showed that the aver-

age living room lighting level was just 35 lux, well below

the recommended level of 200 lux.39 If the recommended

lighting level could not be achieved with existing lamps,

extra lamps were added. Lamps were connected to the

wireless control system. Participants were encouraged to

use the “normal” level as this ensured the recommended

200 lux. The lighting designers also gave advice on good

lighting conditions, ie, the position and direction of light,

use of daylight, color and contrast, and to avoid glare.39,44

After 1 week, participants were contacted to ensure that

everything was working, and to answer any questions.

Data analysis
Continuously distributed location variables are presented

as means with standard deviations. Because of very

skewed distributions and small groups, nonparametric

tests were used. Even if a few distributions indicated

the use of Student’s t-test, we chose to use nonpara-

metric test all over to avoid confusion. Differences

between groups were tested using a Wilcoxon rank-sum

test (Mann–Whitney test). For paired sample tests,

Wilcoxon signed-rank test was used. All tests were two-

tailed using the null hypothesis of equality. In some

comparison of the two groups (IG and CG) involving

counts, binominal tests were used. To compare more

than two related samples, Friedmans’ test was used.

The threshold for statistical significance level was set

at 5% (p<0.05). All computations were performed using

the statistical package SPSS Statistics 25 (International

Business Machines, USA).

Results
After completing the questionnaire at Stage III, one parti-

cipant in the IG withdrew from the study and one in the

CG did not complete the final questionnaire. These two

were excluded from the final analysis.

A typical living room measured about 30 m2. At the

beginning of the intervention (Stage IV), the lighting

designers added lamps to 26 living rooms to achieve the

recommended lighting levels. The IG group reported sig-

nificant larger improved ability to perform IADLs than the

CG (mean difference between groups of 11.7 mm,

p=0.003). For reading and writing in the living room

a mean difference of 12.3 mm was reported with

p=0.006 and at the dining table (mean difference between

the groups of 4.8 mm, p=0.019). Table 2 shows the change

in perceived indoor lighting environment, ability to per-

form IADLs and general health for the IG and CG between

Stage III and Stage V. The IG group reported large and

significant improvements in the self-assessed indoor light-

ing levels (mean improvement of 21.9 mm, p<0.001).

They also reported an improved ability to perform

IADLs (mean improvement of 8.8 mm, p=0.026), includ-

ing reading and writing in the living room (mean improve-

ment of 12.3 mm, p<0.001) or at the dining table (mean

improvement of 3 mm, p=0.016). The only change in the

CG was a significant deterioration in the ability to perform

IADLs (mean deterioration of 2.9 mm, Wilcoxon,

p<0.022). Further, the IG reported an improvement in 24
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of the 28 items asking about the ability to perform ADLs.

This was statistically better, compared to the CG

(p<0.001). Self-reported visual problems and health

remained unchanged in both groups during the 4-month

intervention (all p>0.05). The SF-36 mean PH scores for

the IG and CG were 63.6 and 58, respectively, and 75.6

and 76.9 for mean MH scores. The SF-36 scores remained

the same, and there was no difference within or between

the two groups (all p>0.05).

All participants kept a diary documenting how the three

preset light levels were used for each day. Figure 2 shows the

total sum of hours used with the different light levels during

the intervention period. As can be seen, the “normal” level is

the preferred light level during the intervention period com-

pared to the two lower light levels (p<0.001). For all light

levels the number of hours used peaked in the middle of the

period, and tailors off at the start and end of the intervention.

Further, there is a small drop around 75–85 days, coinciding

with the Christmas and New Year holiday period.

With regards to the use of “normal” lighting, the propor-

tion of persons who use this for a long time (5–8 hrs per day)

is significantly increasing during the intervention period

(p<0.001). This is at the expense of the proportion who

use it for shorter periods, which subsequently are decreasing.

After the intervention, 26 answered eight questions

assessing the two intervention elements. Overall, their

assessment showed that most were very satisfied with

both the lighting and the control system. Twenty-two

participants were very satisfied or satisfied with increased

lighting levels, 21 were very satisfied or satisfied with the

preset levels, and 23 reported to be very satisfied or

satisfied with the control system. When asked to assess

the importance of the different criteria applied to choose

lamps and control system to include in the intervention,

the ease of replacing bulbs, that lamps prevented glare and

that the control system was easy to use was considered

very important by 18, 19, and 19, respectively, and 4, 1,

and 2 said it was important. The ability to use energy-

saving bulbs and the cost of lamps or control system was

considered very important by 12, 12, and 13, and not

important by 5, 4, and 5, respectively. Comments from

the free text were almost exclusively positive regarding the

improved lighting. Several reported that they now realized

that before the intervention, their lighting levels were poor

leading to reduced visual ability. With the improved light-

ing, they were now able to resume some meaningful

activities they had stopped performing due to poor lighting

and vision. One commented that they used more light now,T
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that the combination of being able to use “normal” lighting

for reading, jigsaw puzzles and handicraft, while “cosy”

lighting for watching TV and in social settings was very

valuable. The importance of being able to vary the differ-

ent light levels that were “just right” for different purposes

was also commented, and further that the “normal” light-

ing improved their vision. Regarding the control system,

comments were that the simple design of the preset levels

was valuable, and that the wireless mode made it easy use.

The participants found it very useful that lamps were

controlled by one box. This made it easy to use more

light because avoiding bending down, stretching or walk-

ing to reach individual light switches with a painful back

or reduced mobility. Twenty-four reported they would

recommend a similar system to friends. The two people

who did not want to recommend the system to friends

because this system could not dim the light (but had preset

levels), and that the control system required extension

cords to connect all the lamps to the system. After the

intervention, 28 of the 29 participants wanted to keep the

lamps and the control system.

Discussion
This intervention investigated how improved lighting in the

living room effected abilities to perform daily activities, per-

ception of the home lighting environment, and health-related

quality of life in healthy older persons living at home. The

baseline study (Stage I)31 revealed that healthy older persons

overall were happy, but living in darkness, and unaware of any

problems related to lighting and everyday tasks. However, this

intervention showed that participants were even happier with

the improved lighting levels.
The ability to perform meaningful activities (eg,

IADLs) significantly improved with improved lighting in

the IG. In contrast, the only change in the CG was

a deterioration in the ability to perform IADLs. This is,

as far as we know, the first time this has been shown in

healthy older adults with normal vision. The difference can

be explained by the knowledge that home lighting levels

were very low before the start of the intervention,31 similar

to other studies,27,32,45 and the significant improvement in

lighting improved IADLs. These results are in line with

previous studies in healthy older adults27 and low vision.38

The deterioration seen in the CG was not expected. One

interpretation could be that the need for more lighting to

compensate for normal age-related vision changes was

absent in the CG, and further that they reported the ability

to perform IADLs to be very easy at the start of the

intervention. When ADLs become easier, one might infer

that these activities are performed more often, enabling

promotion of both cognitive and physical health.3

Specifically the ability to read and write improved in

the IG. Reading and writing are activities that are visually

demanding and require more lighting with normal age

changes. Most reading tasks benefit from specific task

0

20

40

60

80

100

120

140

0 20 40 60 80 100 120 140

To
ta

l n
um

be
r o

f h
ou

rs

Time (days)

Normal Low Dim

Figure 2 The amount of hours used per day (% hours, n=29) for the different preset levels during the intervention period.
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lighting, but this study also shows that improving the

general lighting will benefit reading. Reading is considered

an important and meaningful activity for most people, not

only for pleasure, but also for accessing information and

promoting independence and social communication. The

ability to participate in meaningful conversations with

others, and feeling a part of society reduces the risk of

feeling of isolated. Further, the ability to read is a good

measure of vision-related quality of life,12,46,47 and

reduced near vision is associated with reduction in depres-

sion and mental health.15,48

The IG reported significant improvements in the home

lighting environment after the intervention, and all but one

wanted to keep the lighting system after the intervention

ended. This indicates that lighting positively influences the

perception of the home environment, and participants were

happy with the intervention. That homes are perceived as

a good place to be is even more important as older persons

have to remain longer at home. Further, homes have to

facilitate maintaining meaningful activities, and conse-

quently our study confirms that lighting is a factor promot-

ing several health aspects. This was supported by free

comments, where some reported that ceasing performance

of certain tasks was due to reduced vision because of poor

lighting in the evening. Many older persons experience

a reduction in social activities, and any factor contributing

to improve this is important.4 This emphasizes that light-

ing is an essential contributor to promote better health

among older persons living at home, in line with other

studies.24–27 As such, we interpret our results to nuance

and support the findings by Sörensen and Brunnström;27

that good lighting can promote health, even if we did not

replicate this specifically. As our small sample consisted of

healthy older adults and the intervention period was short,

we did not expect a significant change in health.

The diary showed that the “normal” lighting was the

preferred level during the whole period. This indicates that

the “normal” lighting level quickly was adapted and per-

ceived as helpful. Moreover, the diary showed a gradual

increase in the use of more light during the darkest win-

tertime, before the overall use was reduced toward the end

of the intervention period. The most plausible explanation

for this is that the behavior is adapted to the seasonal

variation in daylight during the intervention period.

Interestingly, there is a marked dip for all three light

levels, coinciding with the Christmas and New Year holi-

day period. We interpret this as an indication that partici-

pants were spending time outside their home, for example

while visiting family. It further shows the compliance and

diligence of the participants to log the use of light levels in

their diary. Compliance is essential in order to change

behavior and for a successful implementation.

Compliance among older persons requires the intervention

to be perceived as meaningful, simple, relatively easy to

implement and improvements must be experienced rela-

tively quickly.49–51 With this in mind, our intervention

seemed to fulfill criteria for a successful outcome, where

the use of more light resulted in improved function and

a positive perception of the home environment. The “nor-

mal” light was throughout the intervention the most used

level. One explanation is described above that it quickly

helped the ability to perform activities, and that it was

perceived as pleasant. Another factor could be that

instructing the participants that this was the recommended

“normal” lighting levels, may have influenced the rapid

adaptation. A simplistic interpretation from our interven-

tion is that by informing people of what the lighting should

be, and providing the system to achieve this, will make

people change their behavior – as long as they find it

useful. The fact that all but one wanted to keep the

lamps and control system also indicates that this simple

intervention were perceived as adding something positive

to the homes and that the intervention has provided

a permanent change to use higher lighting levels at

home, in support of other studies.27,38

Normal vision changes and increased prevalence of eye

diseases with age means that older persons need more and

better lighting. Lighting as an important factor in healthy

aging at home was also founded by Haanes and

colleagues.29 They showed that small improvements,

such as correct glasses, removal of earwax and use hearing

aids, and increase the lighting levels had an encouraging

effect on health in persons with a mean age of 88 years.

However, their participants were too old and fragile to

adapt fully to the advice given, and the authors concluded

that these interventions should be applied earlier. Our

study confirms that simple lighting improvements at

home are wise to adapt already in the 70s to reduce the

consequences of normal age-related vision impairments.

Further, it suggests that lighting is important to promote

better health and well-being in older persons living at

home, in agreement with other studies.20,23,52 We argue

that better lighting also will reduce the risk of falls at

home, as it is well documented that impaired vision

increases the risk of falling.24–26 As such, it is clearly

necessary for health care providers to increase their
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knowledge and competency regarding indoor lighting.

This includes the ability to assess whether the home light-

ing is universally designed, with lamps giving light with-

out glare, lightbulbs being easy to change, and the ability

to vary the level of lighting. In addition, new lightbulbs are

energy efficient, and running costs are negligible. More

information about what older people know about the

effects of indoor lighting on vision, ADLs, and quality of

life is also required.

Our study on healthy older persons adds to the knowl-

edge that good lighting benefits daily activities including

reading in persons with normal vision.24,38,53 This con-

firms that lighting is an environmental characteristic posi-

tively influencing the quality of life,27,38 and should be

considered in promoting healthy aging.

Limitations
Strengths of the study include that the differences in

sociodemographic variables between participants were

small, and did not vary from the baseline study. In

addition, the sample is representative of the Norwegian

population born in 193454 with respect to the socio-

demographic distribution, which we believe strengthens

the potential generalizability of the study results.

Another strength is the collaborative and multidisciplin-

ary design and analysis by the multidisciplinary research

group, which contribute to the validity of the results.

Limitations include the confines of this basic interven-

tion particularly when it comes to the diary entries,

which might have caused a bias in the data. However,

the diary logs showed that the participants were very

thorough, and we believe any such biases to be small.

Despite these limitations, we believe that this interven-

tion study contributes important knowledge that may

guide further research and clinical practice in this area.

Conclusion
The ability to perform meaningful activities is essential to

maintain a good quality of life and facilitate healthy aging

at home. This requires good vision and lighting. Our study

showed that good lighting improved the ability to read and

perform ADLs, and increased the home environment.

Notably, improved lighting could easily be achieved with

a basic low-cost control system. Our study confirms that

lighting is an environmental characteristic influencing

quality of life and should be considered in promoting

healthy aging.

Abbreviation list
ADL, activities of daily living; IADL, instrumental activ-

ities of daily living; HPNT, health preventative nurse

team; CG, control group; IG, intervention group; MH,

mental health summary scores; PH, physical health sum-

mary scores.
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