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Summary Background. Health-related quality of life (HRQoL) is an important component of comprehensive management in primary
care.
Objec ves. The purpose of this study was to inves gate the rela onships between physical performance measures and self-reported
HRQoL and to ﬁnd op mal values of muscle func on tests associated with lower HRQoL.
Material and methods. From a single primary health care center pa ent list, 330 subjects were randomly selected. Informa on about
the pa ent’s age, gender, body mass index and presence of self-reported chronic diseases was collected, as well as analyses for systemic inﬂamma 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 Ques onnaire (SF-36) were used to
evaluate HRQoL. The predic ve power of physical func on measures were tested with mul variate linear regression analyses. Threshold values for physical func on tests were calculated by receiver opera ng characteris c curves.
Results. Mul variate analyses demonstrated that 30-CST was signiﬁcantly (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 associa on with the outcomes of HRQoL in the Estonian popula on. Subjects with physical performance results under threshold values are at risk of lower HRQoL; therefore, 30-CST is a poten al screening indicator for
HRQoL assessment.
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Background
Health-related quality of life (HRQoL) is an important construct that describes the impact of health condi ons on an individual’s overall quality of life. One of the core objec ves in the
comprehensive management of primary care is to improve or at
least a ain pa ents’ HRQoL. Informa on obtained from quality
of life can be useful for general prac oners to indicate the direc ons needed for more eﬃcient disease preven on or treatment of pa 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 inﬂamma on and low serum vitamin D
concentra ons [4, 5]. Physical func on measures and muscle
strength have been shown to predict important clinical outcomes
[6] and are associated with physical disability and cogni ve decline [7]. Grip strength (GS) and the 30-second chair stand test
(30-CST) are measures that require minimal space and equipment and could be easily implemented in a general prac oner’s
oﬃce, where the contact me with pa ents is o en limited.

As a result, interest is increasing in physical func on tests
and their use as simple screening tools to es mate HRQoL in the
general popula on [2]. With these factors in mind, the present
study is the ﬁrst in Estonia to ﬁnd out the associa ons between
objec vely measured physical performance and self-reported
HRQoL, as well as poten al cut-oﬀ values for physical func on
tests to dis nguish people with lower and higher HRQoL.

Material and methods
Study design
A cross-sec onal study was conducted in collabora on with
the Department of Internal Medicine, University of Tartu, and
a single primary health care center in Tartu, Estonia. The data of
all pa ents admi ed to the research was collected from 1 September 2014 un l 31 March 2015. Par cipa on was voluntary
and all pa ents signed a wri en informed consent form. The
study was approved by the Ethics Review Commi ee on Human
Research of the University of Tartu.

This is an Open Access ar cle distributed under the terms of the Crea ve Commons A ribu on-NonCommercial-ShareAlike 4.0 Interna onal
(CC BY-NC-SA 4.0). License (h p://crea vecommons.org/licenses/by-nc-sa/4.0/).
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Subjects
To form the study group, 350 subjects were randomly selected from the primary health care center pa ents’ list (total
number of pa ents 1,854), adjusted for the age and gender
breakdown of the Estonian popula on in 2013. Subjects ranged
in age from 20 to 79 years, with a mean age of 47.7 ± 16.3 years.
Firstly, postal invita ons with introductory materials were sent
out. A total number of 332 subjects contacted the primary
health care center for further instruc ons. All measurements
were conducted at the Department of Internal Medicine, University of Tartu, by independent researchers.

Background characteris cs and biochemical markers
General informa on was collected regarding age, gender
and self-reported chronic condi ons. Anthropometric data
about height and weight was measured before muscle strength
tests. Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in meters. Blood samples
were taken for the measurement of high-sensi vity C-reac ve
protein (hsCRP) and vitamin D. High-sensi vity CRP was used as
a marker for systemic inﬂamma on.

Physical func on measures
To measure muscle func on, we used dominant hand GS and
30-CST. GS was measured in bars with a calibrated Riester Dynatest dynamometer. Par cipants were tested according to the
American Society of Hand Therapists’ recommended standardized posi oning [8]. One prac ce a empt was followed by three
consecu ve a empts with 30- to 60-second pauses in-between.
Sta s cal analysis included the average value of three test trials.
For the 30-CST, the pa 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 posi on and returned to
a fully seated posi on at their own pace for as many repe ons
as they could. One prac ce a empt of 1–3 repe ons was followed by one 30-second trial. The ﬁnal score of chair stands was
the total number of unassisted full stands during the 30-second
meframe. Both physical func on measures have shown to be
valid, reliable and have good test-retest reliability [9, 10].
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Health-related quality of life
The impact of physical func on measures on health-related
quality of life was evaluated using the validated Estonian version of the Short-Form-36 (SF-36) ques onnaire [11]. All parcipants 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 overall es mate of HRQoL.

Sta s cal analyses
All sta s cal analyses were performed using the R so ware
package version 3.1.2 (R Founda on for Sta s cal Compu ng).
Descrip ve sta s cs were used to determine demographic and
health-related characteris cs. Log-transformed values for variables with a right skewed data distribu on were used. These
variables included hsCRP and vitamin D. The data is presented
as the number of appearances (percentage) for categorical variables and as the median (interquar le range) for con nuous
variables. To compare baseline characteris cs between male
and female pa ents, we used a t-test for con nuous variables
and the Wilcoxon Rank Sum test for categorical variables. Pearson correla on coeﬃcient was used to assess the agreement
between GS and 30-CST measures.
Univariate linear regression analysis for SF-36 summary
scores adjusted to physical func on measures was performed.

A separate model for each of the summary scores (PCS and MCS)
was ﬁ ed for both genders. Both physical func on measures
and parameters, such as age, hsCRP, vitamin D and presence of
self-reported chronic disease, were stepwise entered into mulple linear regression models with summary scores of SF-36
as the dependent variable. The strength of regression models
was evaluated with determina on coeﬃcient R2. The variance
inﬂa on factor (VIF) was calculated to describe mul collinearity,
while ﬁ ng a model into a mul ple linear regression analysis.
To deﬁne subjects with low HRQoL, the lower quar le of PCS
and MCS was used, based upon which pa ents were divided in
groups (low PCS and MCS, high PCS and MCS). Receiver operating characteris c (ROC) curves and area under curve (AUC) were
used to assess the eﬀec veness of 30-CST and GS. The threshold values of physical func on tests were deﬁned according to
the op mal cut-oﬀ values calculated by ROC for both genders
separately. Sta s cal analyses accepted p-values of < 0.05 for
the level of sta s cal signiﬁcance.

Results
Study cohort
In total, 332 pa ents were recruited during the study period. Two pa ents with missing outcome data were excluded
from ﬁnal analysis (n = 330). There were signiﬁcant diﬀerences
in age, physical func on measures, HRQoL and self-reported
chronic diseases between males and females. The background
characteris cs of the study group are presented in Table 1.
Table 1. Independent variables, physical func on measures
and health-related quality of life for the study group
Background characteris cs
Male
Female
(n = 154)
(n = 176)
n (%) or mean (SD)
pa
Demographic characteris 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
0.7 (3.7)
0.9 (5.0)
0.4162
hsCRP, mg/Lc
36.6 (1.5)
40.4 (1.5)
0.3780
Vitamin D, nmol/Lc
Physical func on measures
Chair stands, no. of
19.9 (8.4)
15.4 (6.5)
< 0.001
stands in 30 seconds
Dominant hand grip
0.7 (0.2)
0.3 (0.1)
< 0.001
strength, bars
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
Signiﬁcance of the diﬀerence between males and females; b BMI – body
mass index; c Log-transformed values; hsCRP – high-sensi vity C-reacve protein; d Component summary scores according to the SF-36 Short
Form Ques 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 minimum result for males in GS was 0.1 bars, and the maximum result was 1.1 bars; for females, the minimum GS was 0.0 bars,
and the maximum was 0.7 bars.
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Table 2. Mul 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
Vitamin Dc
hsCRPc
Chair stands
Grip strengthd

0.02
-0.20
-2.31
0.88
6.25

[-0.43; 0.46]
[-4.86; 4.46]
[-3.67; -0.94]
[0.56; 1.21]
[-2.92; 15.41]

0.9410
0.9322
0.0010
< 0.0001
0.1824

-0.31
-1.63
-2.21
0.89
17.57

[-0.73; 0.11]
[-5.92; 2.66]
[-3.61; -0.80]
[0.58; 1.21]
[8.82; 26.32]

0.1432
0.4565
0.0023
< 0.0001
< 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
BMIb
Vitamin Dc

0.22
0.16
-1.93

[0.05; 0.39]
[-0.32; 0.63]
[-6.94; 3.09]

0.0103
0.5215
0.4519

0.24
-0.06
-2.86

[0.09; 0.40]
[-0.51; 0.39]
[-7.45; 1.74]

0.0026
0.7916
0.2244

hsCRPc

-1.93

[-3.39; -0.46]

0.0106

-1.56

[-3.07; -0.05]

0.0434

Chair stands
Grip strengthd

0.76
6.67

[0.41; 1.11]
[-3.19; 16.53]

< 0.0001
0.1859

0.67
13.56

[0.34; 1.01]
[4.18; 22.94]

0.0001
0.0049

Chronic diseasee

-7.89

[-13.12; -2.66]

0.0033

-9.56

[-14.44; -4.68]

0.0001

Component summary scores according to the SF-36 Short Form Ques onnaire; b BMI – body mass index; c Log-transformed values; hsCRP – highsensi vity C-reac ve protein; d Dominant hand grip strength; e Self-reported chronic disease: 0 – no; 1 – yes.
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Univariate analyses demonstrated that 30-CST and dominant hand GS were signiﬁcantly (p < 0.0001) associated with
SF-36 summary scores for male and female pa ents. The univariate 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-adjusted R2 = 0.17). The physical func on measures used in the
analyses predicted the variance of PCS be er than MCS. GS was
moderately correlated with 30-CST, both in males and females
(r = 0.44–0.45; p < 0.0001).
The associa ons between SF-36 summary scores and 30-CST
remained signiﬁcant in mul ple linear regression analyses
(p < 0.0001) for male and female pa ents. In addi on, dominant hand GS remained signiﬁcant only for female pa ents (p <
0.0001). Mul ple regression models accounted for 33% (adjusted R2 = 0.33) in males and 37% (adjusted R2 = 0.38) in females
for the observed variability of PCS. As expected, a mul ple regression model for PCS was stronger compared with the model
for MCS (male-adjusted R2 = 0.14; female-adjusted R2 = 0.17).

Independent predictors of SF-36 summary scores on mul ple
regression analyses are presented in Table 2. All mul ple regression models used in the analyses were not aﬀected by mul collinearity (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 quar 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 summary scale are related to higher HRQoL. We found 30-CST to be
a be er diagnos c test for evalua on of pa ents who might be
at risk of lower HRQoL. According to AUC values, the diagnos c
accuracy of 30-CST for PCS was signiﬁcantly be er compared
to GS for males (p = 0.015) and females (p = 0.001). There was
no sta s cally signiﬁcant diﬀerence for males (p = 0.241) and
females (p = 0.158) in the diagnos c accuracy of physical funcon tests for MCS. ROC curves and AUC values for 30-CST are
presented in Figure 1 and 2. The op mal cut-oﬀ values of 30-CST
calculated by the ROC curve to predict low PCS, deﬁned as the
lower quar le of PCS, were 7 chair stands for males and 13 chair
stands for females. For low MCS, the op mal cut-oﬀ values were
12 chair stands for males and 13 chair stands for females.

0%

25 %

50 %
1−Specificity

75 %

100 %

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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Self-reported chronic diseases
54% (n = 178) of the subjects reported a chronic condi on,
with unequal gender distribu on (72 men and 106 women; p =
0.0193). Several pa ents reported more than one chronic condion. Self-reported chronic diseases most frequently included hypertension, arrhythmia, osteoarthri s, diabetes, hypercholesterolemia, hypothyroidism, asthma, malignancy and osteoporosis.
The mean age of par cipants with chronic diseases was
55.8 ± 15.3 years, and in the healthy group, 38.2 ± 11.9 years.
There was no sta s cally signiﬁcant (p = 0.5988) diﬀerence in
vitamin D values between the two groups. The majority of the
study group – 228 pa ents (71%) – had vitamin D serum levels
≤ 50 nmol/L, indica ng insuﬃciency, and there was no signiﬁcant diﬀerence between gender (p = 0.2215). Only 4% (n = 12)
of the subjects, 4 men and 8 women, had a vitamin D value over
the op mal level of 75 nmol/L.
As expected, both physical func on measures were substan ally be er (p < 0.001) in subjects who reported as not having 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 sta s cally signiﬁcant diﬀerence in PCS and MCS, with
a median diﬀerence 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.
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Discussion
In this study, the associa ons between physical funcon tests and self-reported HRQoL depended on the muscle
strength measure used. The key ﬁnding is that 30-CST was most
strongly associated with HRQoL, slightly more with physical
than mental health status. The observed posi ve associa ons
between 30-CST and PCS/MCS seem to be independent of BMI
and vitamin D for both genders, while age, chronic condi ons
and higher markers of systemic inﬂamma on remained dependent. The possible reason why the associa on between vitamin
D and physical capability or HRQoL was not found might be the
equally low level of vitamin D among the Estonian popula on
[12]. We found 30-CST to be a be er diagnos c test for evaluating pa ents who might be at risk for lower HRQoL. In the Estonian popula 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 posi ve associaon between muscle strength and self-reported HRQoL was

100 %

Figure 2. ROC curves for the 30-second chair stand
test to predict low mental component summary of
health-related quality of life

demonstrated in our study. Increased func onal performance
permits people’s autonomy for a more dynamic and socially acve lifestyle and therefore increased quality of life. There is also
evidence that be er lower-extremity performance is associated
with reduced risk of mortality and other adverse health outcomes
[6]. Cooper et al. have suggested that be er physical capability
is associated with subsequent posi ve mental well-being. This
associa on is explained with an increased risk of lower physical
func on to disability, which has been shown to have a nega ve
inﬂuence on mental well-being [13]. S ll, it cannot be ruled out
that mental and physical health quality across age groups could
be inﬂuenced by other factors (socioeconomic status, social support, absence of severe diseases, cogni ve capability).
Hall et al. [14] have reported that male upper body physical
func on is substan ally more related to mental than physical
HRQoL, while for lower extremity func on, it applies conversely.
In contrast, our current study revealed no associa ons between
GS and self-reported physical and mental HRQoL in adjusted
models (adjustment for age, BMI, hsCRP, vitamin D and chronic
condi ons) among men. Although our data does not allow for
a more detail examina on, we assume that the discrepancy
between physical func on tests and HRQoL is explained with
the stronger impact of lower muscle strength on daily ac vies. Most of our study group was comprised of urban residents,
based upon which we can assume that upper muscle func on
is not so important for everyday life, for example, as it might
be in rural areas, and this does not help to dis nguish levels
of HRQoL that well. Considering our results for HRQoL, we observed a signiﬁcantly weaker independent associa on between
GS and HRQoL domains (30-CST explained almost 30%, while GS
only around 10%, of variance of PCS and MCS); this diﬀerence
also remained in the comparison of males and females. This
might also be one explana on as to why GS has not remained
signiﬁcant in adjusted models for men.
The ﬁndings of our study demonstrated that in the Estonian
popula on, men’s self-assessment of their health is substanally be er. The reasons for such a diﬀerence 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 nega ve impact on HRQoL [15]. In a study conducted
in Sweden [16] to examine gender diﬀerences in the interpreta 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 ac vity was more important for men, while
for women, having a chronic disease was associated with lower
self-reported health [15]. S ll, unlike the previous study, our
results demonstrated that the gender diﬀerence in values of
HRQoL cannot be explained by systemic inﬂamma on, as there
was no signiﬁcant diﬀerence in hsCRP for both genders [17].
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The present study has several strengths. These strengths include simple physical func on tests with good reproducibility
[9, 10] and a high par cipa on rate. From the ini al sample,
95% of the subjects answered the invita on, based upon which
the Estonian popula on representa on (subjects per capita)
was 1:3,979 [18]. As in our study, previously published data has
shown that men usually perform muscle func on tests somewhat be er than women at each age [19, 20].
In addi on to strengths, there are also some limita ons that
should be recognized. Firstly, a speciﬁc value on the SF-36 scale,
which determines the low HRQoL and is applicable for diﬀerent study popula ons, is not uniquely deﬁned. Thus, it is quesonable to divide SF-36 domains on the basis of lower quar le
to deﬁne risk groups, and this is why the threshold values of
30-CST can be used only in the Estonian popula 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 pa ent’s understanding of chronic disease
might largely diﬀer from a doctor’s opinion. S ll, the wide range
of symptoms and condi ons that pa ents considered as chronic
disease allows us to state that even a minor or short-term problem with health has a great impact on HRQoL. Finally, the cross-sec onal design does not allow us to make causal inferences
regarding associa ons found between self-reported HRQoL
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and physical func on tests, but our observa ons should help in
building up future studies.

Conclusions
We have demonstrated that physical func on measures are
associated with outcomes in self-reported HRQoL. The ﬁndings
provide informa on that lower body strength is more strongly
associated with HRQoL than upper body strength, as higher results of 30-CST are signiﬁcantly correlated with an increase in
both physical and mental HRQoL. Addi onally, this study emphasizes the concept that self-reported HRQoL is associated
with diﬀerent factors at the same me. With muscle func on,
factors such as age, systemic inﬂamma on and chronic diseases
become signiﬁcant in the current health assessment. Taken together, 30-CST is a poten al screening indicator for HRQoL assessment in clinical prac ce.
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