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Background. Health-related quality of life (HRQoL) is an important component of comprehensive management in primary 
care.
ObjecƟ ves. The purpose of this study was to invesƟ gate the relaƟ onships between physical performance measures and self-reported 
HRQoL and to fi nd opƟ mal values of muscle funcƟ on tests associated with lower HRQoL.
Material and methods. From a single primary health care center paƟ ent list, 330 subjects were randomly selected. InformaƟ on about 
the paƟ ent’s age, gender, body mass index and presence of self-reported chronic diseases was collected, as well as analyses for sys-
temic infl ammaƟ on and vitamin D. Physical performance was measured by dominant hand grip strength (GS) and a 30-second chair 
stand test (30-CST). The physical (PCS) and mental (MCS) component scores of the Short-Form-36 QuesƟ onnaire (SF-36) were used to 
evaluate HRQoL. The predicƟ ve power of physical funcƟ on measures were tested with mulƟ variate linear regression analyses. Thresh-
old values for physical funcƟ on tests were calculated by receiver operaƟ ng characterisƟ c curves.
Results. MulƟ variate analyses demonstrated that 30-CST was signifi cantly (p < 0.0001) associated with SF-36 summary scores for both 
genders. Males with 30-CST results under 7 stands and females with results of fewer than 13 stands were in the risk group for having 
the lowest PCS scores. Results in 30-CST under 12 stands in males and under 13 stands in females were associated with the lowest 
scores of MCS. 
Conclusions. 30-CST had the most expressed associaƟ on with the outcomes of HRQoL in the Estonian populaƟ on. Subjects with physi-
cal performance results under threshold values are at risk of lower HRQoL; therefore, 30-CST is a potenƟ al screening indicator for 
HRQoL assessment.
Key words: physical funcƟ on, populaƟ on, primary care, physical quality of life, mental quality of life, SF-36.
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Background

Health-related quality of life (HRQoL) is an important con-
struct that describes the impact of health condiƟ ons on an indi-
vidual’s overall quality of life. One of the core objecƟ ves in the 
comprehensive management of primary care is to improve or at 
least aƩ ain paƟ ents’ HRQoL. InformaƟ on obtained from quality 
of life can be useful for general pracƟ Ɵ oners to indicate the di-
recƟ ons needed for more effi  cient disease prevenƟ on or treat-
ment of paƟ ents with chronic diseases [1, 2]. Therefore, HRQoL 
has become an important indicator in primary care. 

Physical capability is one of the factors that is associated with 
HRQoL [3]. Moreover, low physical capability may indicate health 
problems, e.g. systemic infl ammaƟ on and low serum vitamin D 
concentraƟ ons [4, 5]. Physical funcƟ on measures and muscle 
strength have been shown to predict important clinical outcomes 
[6] and are associated with physical disability and cogniƟ ve de-
cline [7]. Grip strength (GS) and the 30-second chair stand test 
(30-CST) are measures that require minimal space and equip-
ment and could be easily implemented in a general pracƟ Ɵ oner’s 
offi  ce, where the contact Ɵ me with paƟ ents is oŌ en limited. 

As a result, interest is increasing in physical funcƟ on tests 
and their use as simple screening tools to esƟ mate HRQoL in the 
general populaƟ on [2]. With these factors in mind, the present 
study is the fi rst in Estonia to fi nd out the associaƟ ons between 
objecƟ vely measured physical performance and self-reported 
HRQoL, as well as potenƟ al cut-off  values for physical funcƟ on 
tests to disƟ nguish people with lower and higher HRQoL.

Material and methods

Study design

A cross-secƟ onal study was conducted in collaboraƟ on with 
the Department of Internal Medicine, University of Tartu, and 
a single primary health care center in Tartu, Estonia. The data of 
all paƟ ents admiƩ ed to the research was collected from 1 Sep-
tember 2014 unƟ l 31 March 2015. ParƟ cipaƟ on was voluntary 
and all paƟ ents signed a wriƩ en informed consent form. The 
study was approved by the Ethics Review CommiƩ ee on Human 
Research of the University of Tartu. 
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Subjects
To form the study group, 350 subjects were randomly se-

lected from the primary health care center paƟ ents’ list (total 
number of paƟ ents 1,854), adjusted for the age and gender 
breakdown of the Estonian populaƟ on in 2013. Subjects ranged 
in age from 20 to 79 years, with a mean age of 47.7 ± 16.3 years. 
Firstly, postal invitaƟ ons with introductory materials were sent 
out. A total number of 332 subjects contacted the primary 
health care center for further instrucƟ ons. All measurements 
were conducted at the Department of Internal Medicine, Uni-
versity of Tartu, by independent researchers. 

Background characterisƟ cs and biochemical markers
General informaƟ on was collected regarding age, gender 

and self-reported chronic condiƟ ons. Anthropometric data 
about height and weight was measured before muscle strength 
tests. Body mass index (BMI) was calculated as weight in kilo-
grams divided by the square of height in meters. Blood samples 
were taken for the measurement of high-sensiƟ vity C-reacƟ ve 
protein (hsCRP) and vitamin D. High-sensiƟ vity CRP was used as 
a marker for systemic infl ammaƟ on. 

Physical funcƟ on measures
To measure muscle funcƟ on, we used dominant hand GS and 

30-CST. GS was measured in bars with a calibrated Riester Dy-
natest dynamometer. ParƟ cipants were tested according to the 
American Society of Hand Therapists’ recommended standard-
ized posiƟ oning [8]. One pracƟ ce aƩ empt was followed by three 
consecuƟ ve aƩ empts with 30- to 60-second pauses in-between. 
StaƟ sƟ cal analysis included the average value of three test trials. 
For the 30-CST, the paƟ ents were asked to sit on a chair with 
their hands on the opposite shoulder across their chest. Upon 
a signal, subjects rose to a full standing posiƟ on and returned to 
a fully seated posiƟ on at their own pace for as many repeƟ Ɵ ons 
as they could. One pracƟ ce aƩ empt of 1–3 repeƟ Ɵ ons was fol-
lowed by one 30-second trial. The fi nal score of chair stands was 
the total number of unassisted full stands during the 30-second 
Ɵ meframe. Both physical funcƟ on measures have shown to be 
valid, reliable and have good test-retest reliability [9, 10].

Health-related quality of life
The impact of physical funcƟ on measures on health-related 

quality of life was evaluated using the validated Estonian ver-
sion of the Short-Form-36 (SF-36) quesƟ onnaire [11]. All par-
Ɵ cipants self-administered the SF-36 form, and if requested, the 
help of a health care professional of the Department of Internal 
Medicine was provided. The SF-36 has eight domains of health, 
which can be divided into two categories: a physical component 
summary (PCS) and mental component summary (MCS). In our 
study, we used only two summary scores to represent the over-
all esƟ mate of HRQoL.

StaƟ sƟ cal analyses
All staƟ sƟ cal analyses were performed using the R soŌ ware 

package version 3.1.2 (R FoundaƟ on for StaƟ sƟ cal CompuƟ ng). 
DescripƟ ve staƟ sƟ cs were used to determine demographic and 
health-related characterisƟ cs. Log-transformed values for vari-
ables with a right skewed data distribuƟ on were used. These 
variables included hsCRP and vitamin D. The data is presented 
as the number of appearances (percentage) for categorical vari-
ables and as the median (interquarƟ le range) for conƟ nuous 
variables. To compare baseline characterisƟ cs between male 
and female paƟ ents, we used a t-test for conƟ nuous variables 
and the Wilcoxon Rank Sum test for categorical variables. Pear-
son correlaƟ on coeffi  cient was used to assess the agreement 
between GS and 30-CST measures.

Univariate linear regression analysis for SF-36 summary 
scores adjusted to physical funcƟ on measures was performed. 

A separate model for each of the summary scores (PCS and MCS) 
was fi Ʃ ed for both genders. Both physical funcƟ on measures 
and parameters, such as age, hsCRP, vitamin D and presence of 
self-reported chronic disease, were stepwise entered into mul-
Ɵ ple linear regression models with summary scores of SF-36 
as the dependent variable. The strength of regression models 
was evaluated with determinaƟ on coeffi  cient R2. The variance 
infl aƟ on factor (VIF) was calculated to describe mulƟ collinearity, 
while fi ƫ  ng a model into a mulƟ ple linear regression analysis. 
To defi ne subjects with low HRQoL, the lower quarƟ le of PCS 
and MCS was used, based upon which paƟ ents were divided in 
groups (low PCS and MCS, high PCS and MCS). Receiver operat-
ing characterisƟ c (ROC) curves and area under curve (AUC) were 
used to assess the eff ecƟ veness of 30-CST and GS. The thresh-
old values of physical funcƟ on tests were defi ned according to 
the opƟ mal cut-off  values calculated by ROC for both genders 
separately. StaƟ sƟ cal analyses accepted p-values of < 0.05 for 
the level of staƟ sƟ cal signifi cance.

Results
Study cohort

In total, 332 paƟ ents were recruited during the study pe-
riod. Two paƟ ents with missing outcome data were excluded 
from fi nal analysis (n = 330). There were signifi cant diff erences 
in age, physical funcƟ on measures, HRQoL and self-reported 
chronic diseases between males and females. The background 
characterisƟ cs of the study group are presented in Table 1. 

 Table 1. Independent variables, physical funcƟ on measures 
and health-related quality of life for the study group
Background characterisƟ cs

Male 
(n = 154)

Female 
(n = 176)

n (%) or mean (SD) pa

Demographic characterisƟ cs
Age (years) 45.5 (15.7) 49.6 (16.7) 0.0201
Weight statusb

BMI, kg/m2 27.5 (4.5) 27.0 (6.1) 0.3983
BMI < 25 52 (33.8) 74 (42.0)
BMI 25–29.9 56 (36.4) 51 (29.0)
BMI ≥ 30 46 (29.9) 51 (29.0) 0.2371
Biochemical parameters
hsCRP, mg/Lc 0.7 (3.7) 0.9 (5.0) 0.4162
Vitamin D, nmol/Lc 36.6 (1.5) 40.4 (1.5) 0.3780
Physical funcƟ on measures
Chair stands, no. of 
stands in 30 seconds

19.9 (8.4) 15.4 (6.5)  < 0.001

Dominant hand grip 
strength, bars

0.7 (0.2) 0.3 (0.1)  < 0.001

Health-related quality of lifed

Physical 76.9 (17.4) 70.6 (23.0) 0.0057
Mental 71.9 (19.1) 67.2 (20.9) 0.0350
Self-reported chronic diseases 0.0193
yes 72 (46.8) 106 (60.2)
no 82 (53.2) 70 (39.8)

a Signifi cance of the diff erence between males and females; b BMI – body 
mass index; c Log-transformed values; hsCRP – high-sensiƟ vity C-reac-
Ɵ ve protein; d Component summary scores according to the SF-36 Short 
Form QuesƟ onnaire.

The range of stands in 30-CST varied from 0 to 40 for males, 
while for females, the range was from 0 to 35 stands. The mini-
mum result for males in GS was 0.1 bars, and the maximum re-
sult was 1.1 bars; for females, the minimum GS was 0.0 bars, 
and the maximum was 0.7 bars.
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Independent predictors of SF-36 summary scores on mulƟ ple 
regression analyses are presented in Table 2. All mulƟ ple regres-
sion models used in the analyses were not aff ected by mulƟ col-
linearity (VIF ≤ 1.6). 

Of all subjects (n = 330), 55 were in the “low PCS” group, 
and 63 were in the “low MCS” group. The lower quarƟ le for PCS 
was a value of 49, and for MCS, a value of 48 on a scale from 
0 to 100, whereas higher values in the SF-36 component sum-
mary scale are related to higher HRQoL. We found 30-CST to be 
a beƩ er diagnosƟ c test for evaluaƟ on of paƟ ents who might be 
at risk of lower HRQoL. According to AUC values, the diagnosƟ c 
accuracy of 30-CST for PCS was signifi cantly beƩ er compared 
to GS for males (p = 0.015) and females (p = 0.001). There was 
no staƟ sƟ cally signifi cant diff erence for males (p = 0.241) and 
females (p = 0.158) in the diagnosƟ c accuracy of physical func-
Ɵ on tests for MCS. ROC curves and AUC values for 30-CST are 
presented in Figure 1 and 2. The opƟ mal cut-off  values of 30-CST 
calculated by the ROC curve to predict low PCS, defi ned as the 
lower quarƟ le of PCS, were 7 chair stands for males and 13 chair 
stands for females. For low MCS, the opƟ mal cut-off  values were 
12 chair stands for males and 13 chair stands for females.

Health-related quality of life and physical funcƟ on 

Univariate analyses demonstrated that 30-CST and domi-
nant hand GS were signifi cantly (p < 0.0001) associated with
SF-36 summary scores for male and female paƟ ents. The univar-
iate model with 30-CST explained almost 30% of PCS variance 
(male-adjusted R2 = 0.26; female-adjusted R2 = 0.28), whereas 
GS only was around 10% (male-adjusted R2 = 0.10; female-ad-
justed R2 = 0.17). The physical funcƟ on measures used in the 
analyses predicted the variance of PCS beƩ er than MCS. GS was 
moderately correlated with 30-CST, both in males and females 
(r = 0.44–0.45; p < 0.0001).

The associaƟ ons between SF-36 summary scores and 30-CST
remained signifi cant in mulƟ ple linear regression analyses 
(p < 0.0001) for male and female paƟ ents. In addiƟ on, domi-
nant hand GS remained signifi cant only for female paƟ ents (p < 
0.0001). MulƟ ple regression models accounted for 33% (adjust-
ed R2 = 0.33) in males and 37% (adjusted R2 = 0.38) in females 
for the observed variability of PCS. As expected, a mulƟ ple re-
gression model for PCS was stronger compared with the model 
for MCS (male-adjusted R2 = 0.14; female-adjusted R2 = 0.17). 

Table 2. MulƟ variate linear regression models for factors associated with physical and mental health-related quality of life for both 
genders
Physical component summarya

Male (n = 154) (adj. R2 = 0.33) Female (n = 176) (adj. R2 = 0.38)
Independent variables Coeff . CI. 95 p Coeff . CI. 95 p
Age -0.17 [-0.33; -0.02] 0.0299 -0.05 [-0.20; 0.09] 0.4730
BMIb 0.02 [-0.43; 0.46] 0.9410 -0.31 [-0.73; 0.11] 0.1432
Vitamin Dc -0.20 [-4.86; 4.46] 0.9322 -1.63 [-5.92; 2.66] 0.4565
hsCRPc -2.31 [-3.67; -0.94] 0.0010 -2.21 [-3.61; -0.80] 0.0023
Chair stands 0.88 [0.56; 1.21]  < 0.0001 0.89 [0.58; 1.21] < 0.0001
Grip strengthd 6.25 [-2.92; 15.41] 0.1824 17.57 [8.82; 26.32] < 0.0001
Chronic diseasee -7.42 [-12.28; -2.56] 0.0029 -9.00 [-13.55; -4.45] 0.0001
Mental component summarya

Male (n = 154) (adj. R2 = 0.14) Female (n = 176) (adj. R2 = 0.17)
Independent variables Coeff . CI.95 p Coeff . CI.95 p
Age 0.22 [0.05; 0.39] 0.0103 0.24 [0.09; 0.40] 0.0026
BMIb 0.16 [-0.32; 0.63] 0.5215 -0.06 [-0.51; 0.39] 0.7916
Vitamin Dc -1.93 [-6.94; 3.09] 0.4519 -2.86 [-7.45; 1.74] 0.2244
hsCRPc -1.93 [-3.39; -0.46] 0.0106 -1.56 [-3.07; -0.05] 0.0434

Chair stands 0.76 [0.41; 1.11] < 0.0001 0.67 [0.34; 1.01] 0.0001
Grip strengthd 6.67 [-3.19; 16.53] 0.1859 13.56 [4.18; 22.94] 0.0049
Chronic diseasee -7.89 [-13.12; -2.66] 0.0033 -9.56 [-14.44; -4.68] 0.0001

a Component summary scores according to the SF-36 Short Form QuesƟ onnaire; b BMI – body mass index; c Log-transformed values; hsCRP – high-
sensiƟ vity C-reacƟ ve protein; d Dominant hand grip strength; e Self-reported chronic disease: 0 – no; 1 – yes.
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Figure 1. ROC curves for the 30-second chair stand 
test to predict low physical component summary of 
health-related quality of life
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demonstrated in our study. Increased funcƟ onal performance 
permits people’s autonomy for a more dynamic and socially ac-
Ɵ ve lifestyle and therefore increased quality of life. There is also 
evidence that beƩ er lower-extremity performance is associated 
with reduced risk of mortality and other adverse health outcomes 
[6]. Cooper et al. have suggested that beƩ er physical capability 
is associated with subsequent posiƟ ve mental well-being. This 
associaƟ on is explained with an increased risk of lower physical 
funcƟ on to disability, which has been shown to have a negaƟ ve 
infl uence on mental well-being [13]. SƟ ll, it cannot be ruled out 
that mental and physical health quality across age groups could 
be infl uenced by other factors (socioeconomic status, social sup-
port, absence of severe diseases, cogniƟ ve capability).

Hall et al. [14] have reported that male upper body physical 
funcƟ on is substanƟ ally more related to mental than physical 
HRQoL, while for lower extremity funcƟ on, it applies conversely. 
In contrast, our current study revealed no associaƟ ons between 
GS and self-reported physical and mental HRQoL in adjusted 
models (adjustment for age, BMI, hsCRP, vitamin D and chronic 
condiƟ ons) among men. Although our data does not allow for 
a more detail examinaƟ on, we assume that the discrepancy 
between physical funcƟ on tests and HRQoL is explained with 
the stronger impact of lower muscle strength on daily acƟ vi-
Ɵ es. Most of our study group was comprised of urban residents, 
based upon which we can assume that upper muscle funcƟ on 
is not so important for everyday life, for example, as it might 
be in rural areas, and this does not help to disƟ nguish levels 
of HRQoL that well. Considering our results for HRQoL, we ob-
served a signifi cantly weaker independent associaƟ on between 
GS and HRQoL domains (30-CST explained almost 30%, while GS 
only around 10%, of variance of PCS and MCS); this diff erence 
also remained in the comparison of males and females. This 
might also be one explanaƟ on as to why GS has not remained 
signifi cant in adjusted models for men. 

The fi ndings of our study demonstrated that in the Estonian 
populaƟ on, men’s self-assessment of their health is substan-
Ɵ ally beƩ er. The reasons for such a diff erence between genders 
might be the age gap and the considerably low number of men 
with self-reported chronic diseases compared with women. An 
increase in the number of chronic diseases has been reported 
to have a negaƟ ve impact on HRQoL [15]. In a study conducted 
in Sweden [16] to examine gender diff erences in the interpre-
taƟ on of self-rated health, chronic disease explained twice as 
much of the variance of regression analyses in self-rated health 
for women versus men. Furthermore, they found that overall 
general physical acƟ vity was more important for men, while 
for women, having a chronic disease was associated with lower 
self-reported health [15]. SƟ ll, unlike the previous study, our 
results demonstrated that the gender diff erence in values of 
HRQoL cannot be explained by systemic infl ammaƟ on, as there 
was no signifi cant diff erence in hsCRP for both genders [17].

Self-reported chronic diseases

54% (n = 178) of the subjects reported a chronic condiƟ on, 
with unequal gender distribuƟ on (72 men and 106 women; p = 
0.0193). Several paƟ ents reported more than one chronic condi-
Ɵ on. Self-reported chronic diseases most frequently included hy-
pertension, arrhythmia, osteoarthriƟ s, diabetes, hypercholester-
olemia, hypothyroidism, asthma, malignancy and osteoporosis. 

The mean age of parƟ cipants with chronic diseases was 
55.8 ± 15.3 years, and in the healthy group, 38.2 ± 11.9 years. 
There was no staƟ sƟ cally signifi cant (p = 0.5988) diff erence in 
vitamin D values between the two groups. The majority of the 
study group – 228 paƟ ents (71%) – had vitamin D serum levels 
≤ 50 nmol/L, indicaƟ ng insuffi  ciency, and there was no signifi -
cant diff erence between gender (p = 0.2215). Only 4% (n = 12) 
of the subjects, 4 men and 8 women, had a vitamin D value over 
the opƟ mal level of 75 nmol/L. 

As expected, both physical funcƟ on measures were sub-
stanƟ ally beƩ er (p < 0.001) in subjects who reported as not hav-
ing any chronic diseases. The mean number of stands in 30-CST 
in the healthy group was 21.6 ± 6.9, and the mean GS was 0.5 
± 0.2 bars. In the group with chronic diseases, the mean results 
were 14.1 ± 6.8 stands in 30-CST and 0.4 ± 0.2 bars in GS. Based 
on the reported p-value (< 0.0001), we can conclude that there 
was a staƟ sƟ cally signifi cant diff erence in PCS and MCS, with 
a median diff erence of 16 points (CI.95% = [12;20]) for PCS and 8 
points (CI.95% = [4;13]) for MCS between subjects with chronic 
disease and the healthy group.

Discussion

In this study, the associaƟ ons between physical func-
Ɵ on tests and self-reported HRQoL depended on the muscle 
strength measure used. The key fi nding is that 30-CST was most 
strongly associated with HRQoL, slightly more with physical 
than mental health status. The observed posiƟ ve associaƟ ons 
between 30-CST and PCS/MCS seem to be independent of BMI 
and vitamin D for both genders, while age, chronic condiƟ ons 
and higher markers of systemic infl ammaƟ on remained depen-
dent. The possible reason why the associaƟ on between vitamin 
D and physical capability or HRQoL was not found might be the 
equally low level of vitamin D among the Estonian populaƟ on 
[12]. We found 30-CST to be a beƩ er diagnosƟ c test for evaluat-
ing paƟ ents who might be at risk for lower HRQoL. In the Esto-
nian populaƟ on, male results under 7 stands and female results 
under 13 stands were associated with the lowest scores of PCS, 
while results in 30-CST under 12 stands in males and 13 stands 
in females were associated with the lowest scores of MCS. 

In support of the previous results [3], a posiƟ ve associa-
Ɵ on between muscle strength and self-reported HRQoL was 
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The present study has several strengths. These strengths in-
clude simple physical funcƟ on tests with good reproducibility 
[9, 10] and a high parƟ cipaƟ on rate. From the iniƟ al sample, 
95% of the subjects answered the invitaƟ on, based upon which 
the Estonian populaƟ on representaƟ on (subjects per capita) 
was 1:3,979 [18]. As in our study, previously published data has 
shown that men usually perform muscle funcƟ on tests some-
what beƩ er than women at each age [19, 20]. 

In addiƟ on to strengths, there are also some limitaƟ ons that 
should be recognized. Firstly, a specifi c value on the SF-36 scale, 
which determines the low HRQoL and is applicable for diff er-
ent study populaƟ ons, is not uniquely defi ned. Thus, it is ques-
Ɵ onable to divide SF-36 domains on the basis of lower quarƟ le 
to defi ne risk groups, and this is why the threshold values of 
30-CST can be used only in the Estonian populaƟ on. Secondly, 
self-reported data about chronic diseases does not allow for 
drawing precise conclusions on the impact of chronic disease 
on HRQoL, because a paƟ ent’s understanding of chronic disease 
might largely diff er from a doctor’s opinion. SƟ ll, the wide range 
of symptoms and condiƟ ons that paƟ ents considered as chronic 
disease allows us to state that even a minor or short-term prob-
lem with health has a great impact on HRQoL. Finally, the cross-
-secƟ onal design does not allow us to make causal inferences 
regarding associaƟ ons found between self-reported HRQoL 

and physical funcƟ on tests, but our observaƟ ons should help in 
building up future studies.

Conclusions

We have demonstrated that physical funcƟ on measures are 
associated with outcomes in self-reported HRQoL. The fi ndings 
provide informaƟ on that lower body strength is more strongly 
associated with HRQoL than upper body strength, as higher re-
sults of 30-CST are signifi cantly correlated with an increase in 
both physical and mental HRQoL. AddiƟ onally, this study em-
phasizes the concept that self-reported HRQoL is associated 
with diff erent factors at the same Ɵ me. With muscle funcƟ on, 
factors such as age, systemic infl ammaƟ on and chronic diseases 
become signifi cant in the current health assessment. Taken to-
gether, 30-CST is a potenƟ al screening indicator for HRQoL as-
sessment in clinical pracƟ ce. 
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