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Abstract
Summary  This cross-sectional study investigated osteosarcopenia prevalence and its correlates among 2142 adults aged 
55 and older in Finland. Findings show 3.9% had osteosarcopenia, while 13.8% and 11.1% had probable sarcopenia only 
or osteoporosis only, respectively. Osteosarcopenia was associated with low BMI, impaired mobility, ADL limitations and 
depression. Sarcopenia appeared to drive these associations more than osteoporosis. Osteosarcopenia may be a risk factor 
for functional decline, hospitalization, and institutionalization, warranting further research.
Purpose  Osteosarcopenia is a disorder consisting of concurrent osteoporosis and sarcopenia. This cross-sectional study 
using nationally representative data from Finland in 2000 aimed to determine the prevalence of osteosarcopenia in Finland. 
In addition, associations of sociodemographic, lifestyle, anthropometric, physical and mental function indicators, chronic 
conditions and various biomarkers with osteosarcopenia were examined.
Methods  The study included 2142 subjects aged 55 and over (mean age 68.0 years, SD 9.0). Probable sarcopenia was 
defined as grip strength < 27 kg for men and < 16 kg for women. Osteoporosis was defined as either ultrasound-based bone 
density measurement of T < -2.5, or self-reported, pre-existing diagnosis of osteoporosis. Participants were categorized into 
4 groups: no sarcopenia and no osteoporosis, probable sarcopenia only, osteoporosis only, and osteosarcopenia. Information 
on sociodemographic, lifestyle, anthropometric, physical and mental function indicators, chronic conditions and various 
biomarkers were collected via structured interview, questionnaires, clinical examination, and blood and urine samples.
Results  The prevalence of probable sarcopenia, osteoporosis and osteosarcopenia was 13.8%, 11.1%, and 3.9%, respectively. 
Osteosarcopenia was associated with low BMI, slow gait speed, impaired mobility, impaired ability in the activities of daily 
living and depression. Of the two components, probable sarcopenia appeared to contribute to these associations more than 
osteoporosis.
Conclusion  According to representative population-based study, about every fifth person with probable sarcopenia also 
has osteoporosis. Mobility and ADL limitations were more common among people with osteosarcopenia than those with 
osteoporosis or probable sarcopenia alone. Future studies are needed to examine osteosarcopenia as an independent risk 
factor for functional decline, hospitalization, and institutionalization.
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Introduction

Sarcopenia is a muscle disorder characterized by loss of 
muscle mass and strength [1]. It is a risk factor for falls, 
fractures and functional decline and death [2–8]. Sarcopenia 
can develop slowly over the years as an individual ages with-
out adequate physical exercise and nutrition, or rapidly due 
to an acute illness or injury that causes prolonged bedrest 
[1]. Prevalence of sarcopenia varies markedly between stud-
ies due to diverse definitions of the disorder [9]. According 
to the most recent version of the European Working Group 
on Sarcopenia in Older People (EWGSOP2), sarcopenia is 
probable if grip strength is low, and confirmed if also muscle 
mass is low [1]. Sarcopenia is considered severe if functional 
impairment, such as slow gait speed is also present [1].

Low bone mineral density (BMD) increases risk of frac-
tures. A BMD of more than two and a half standard devia-
tions below the mean value of a healthy young female popu-
lation is considered osteoporosis [10].

Disorder of “sarco-osteopenia”, or “osteosarcopenia” has 
been suggested to be used in people with concurrent osteo-
porosis and sarcopenia [11]. The term osteosarcopenia is 
used to emphasize the role of sarcopenia in fragility fracture 
risk, and to promote consideration of sarcopenia in clinical 
decision making among frail adults [11]. Osteosarcopenia 
is unsurprisingly a risk factor for falls, fractures and mortal-
ity [12]. Sarcopenia has adverse effects on the bone due to 
lack of strengthening signals produced by biomechanical 
forces, and disrupted biochemical signalling between bone 
and muscle [13–15]. Although research on osteosarcopenia 
is still relatively scarce, better identification and characteri-
zation of this patient population could lead to better care of 
patients at risk of fragility fractures and functional decline.

The aim of this study was to determine the preva-
lence of osteosarcopenia in Finland by using a nationally 

representative sample of adults aged 55 years and older. 
In addition, the aim was to compare sociodemographic 
and anthropometric factors, physical and mental function, 
chronic illness, and various biomarkers between those with 
no sarcopenia and no osteoporosis, probable sarcopenia 
only, osteoporosis only, and osteosarcopenia.

Methods

Study population

This study is based on the Health 2000 survey, a nation-
wide health examination survey collecting information on 
the health, functional capacity and well-being of the Finn-
ish population in 2000–2001. Ten thousand people aged 18 
and older were selected randomly from the national popula-
tion register, using a stratified two-stage cluster sampling 
design. To obtain a sufficient number of observations from 
the older population, the sampling fraction for people aged 
80 and older was doubled. Community-dwelling as well as 
institutionalized people living in mainland Finland were 
included. The implementation of the Health 2000 survey 
has been reported elsewhere in more detail [16]. A total 
of 8028 subjects participated in the survey, of which 3439 
were 55 years old or older. For this study, we included par-
ticipants aged 55 years or older from whom information on 
sarcopenia and osteoporosis was available (n = 2142, 62.3%). 
To evaluate the representativeness of the final sample, we 
compared socioeconomic and lifestyle characteristics, as 
well as mobility limitations as a health indicator, between 
the final sample and all participants over 55 from the Health 
2000 survey (Table 1).

Table 1   Characteristics of 
the study sample and Health 
2000 Survey participants aged 
55 years and older

Study Sample (n = 2142) Health 2000 (n = 3439)

Age, mean (SD) 67.8 (9.4) 70.1 (10.4)
Sex, Female, n (%) 1201 (56.1%) 2081 (60.5%)
Education
  Highest, n (%) 333 (15.6) 431 (13.7)
  Middle, n (%) 453 (21.22) 643 (20.4)
  Lowest, n (%) 1349 (63.2) 2083 (66.0)
  Married or cohabiting, n (%) 1317 (61.6) 1750 (55.0)
Physical activity
  Exercise training, n (%) 275 (13.4) 330 (12.1)
  Active, n (%) 1178 (57.4) 1479 (54.2)
  Inactive, n (%) 601 (29.3) 918 (33.7)
Smoking, Current or past, n (%) 855 (40.1) 1170 (38.7)
Mobility limitation, n (%) 569 (26.8) 1082 (34.3)
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Definition of probable sarcopenia

Grip strength was measured using an electronic device 
(Good Strength, IGS01, Metitur Oy, Finland) while the 
subject was sitting and resting their elbow on a table while 
gripping the handle of the device [16, 17]. The measurement 
was repeated after 30 s, and if there was a difference greater 
than 10%, a third measurement was taken. The highest result 
was ultimately used for analysis. Probable sarcopenia was 
defined according to the criterion by the EWGSOP2 [1]. 
Those with low grip strength were considered to have prob-
able sarcopenia. Low grip strength was defined as < 27 kg 
for men and < 16 kg for women.

Definition of osteoporosis

Bone mineral density was measured with a calcaneal ultra-
sound (Sahara Clinical Bone Sonometer, Hologic, Waltham, 
Massachusetts, USA). Quantitative ultrasound index (QUI) 
developed by the manufacturer was used as the measure 
of bone mineral density. QUI was derived from the speed 
of sound (SOS) and the broadband ultrasound attenuation 
(BUA) using the following formula:

Osteoporosis was defined as an ultrasound-based bone 
density measurement of T < -2.5. The reference group for 
T-score was 30–35-year-old women with no chronic illness 
or disability (n = 300) [10]. In addition, if the subject self-
reported a pre-existing diagnosis of osteoporosis that was 
based on a DXA measurement (dual-energy X-ray absorpti-
ometry) of the spine or hip, then the subject was considered 
to have osteoporosis regardless of their calcaneal ultrasound-
based bone mineral density measurement. A total of 163 
(8%) subjects self-reported a diagnosis of osteoporosis. 
Hip or spine was reported as the site of measurement for 41 
(25%) subjects, while 7 (4%) reported measurement from 
the calcaneus, and 90 (54%) reported measurement from 
elsewhere. For 30 (18%) subjects, the site of measurement 
was not known.

Osteosarcopenia

Osteosarcopenia was defined as concurrent probable sar-
copenia and osteoporosis. Subjects were assigned into four 
groups: no sarcopenia and no osteoporosis, probable sarco-
penia only, osteoporosis only, and osteosarcopenia.

QUI = 0.41 × SOS + 0.41 × BUA − 571

Measurement of other factors

Sociodemographic factors included age, sex, level of educa-
tion (lowest, middle and highest) and marital status (mar-
ried/cohabiting or living alone).

Information on lifestyle factors were obtained from sur-
vey questionnaires and included the level of physical activity 
(exercise training, active or inactive) [18], smoking (current/
past or never), alcohol use (abstinence; low or medium use 
[< 140 g/week for women and < 280 g/week for men]; high 
use [≥ 140 g/week for women and ≥ 280 g/week for men] 
[19].

Dietary habits were assessed using a validated semi-quan-
titative 128-item food frequency questionnaire (FFQ) and 
the food consumption and nutrient intakes were calculated 
using the national food composition database (Fineli®) and 
in-house software [20, 21]. Variables included in this study 
were dairy product intake (g/d), protein intake (g/d), and 
total calcium intake from diet and supplements (g/d). The 
FFQ also contained additional questions about meal pat-
terns and special diets, thus, variables on meal frequency 
(infrequent meals [fewer than 1–2 per day]; frequent meals 
[at least 1–2 times per day]), and lactose free diet (yes; no) 
were included. Anthropometric measurements included 
body mass index (BMI) based on body weight and height 
measurements, calculated as kg/m2, and self-reported weight 
loss during the previous 12 months. The data on weight 
was obtained using a bioimpedance measurement device 
InBody 3.0 (n = 1856, 87%), a digital scale (n = 108, 5%) 
or self-report (n = 175, 8%) if measurement was not avail-
able. Weight information was missing for 3 subjects. Height 
was measured for 1802 (84%) subjects and self-reported by 
160 (7%) subjects. Height information was missing for 180 
(8%) subjects. BMI was calculated as weight in kilograms 
divided by height in meters squared and further classified as 
underweight (< 18.5 kg/m2), normal weight (18.5–24.9 kg/
m2), overweight (25–29.9 kg/m2) and obese (≥ 30 kg/m2).

At the health examination, maximal gait speed was meas-
ured over 6.1-m course [22]. In addition, subjects were 
asked “Can you walk 0.5 km without resting?” and “Can 
you climb up one flight of stairs without resting?” Subjects 
were considered to have mobility limitation if they reported 
any difficulties in walking 500 m or stair climbing. Similarly, 
questions were asked about performance in activities of daily 
living (ADL). “How do you manage the following activities 
(getting on or off the bed, getting clothes on or off, shower-
ing or using the bathroom)?” Subjects were considered to 
have ADL limitation if they reported difficulties in any of 
these activities.

Participants completed an abbreviated version of the 
Mini-Mental State Examination (MMSE) during an inter-
view and total score was used in the analysis [23]. In addi-
tion, a question was asked on the depressiveness of their 
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mood (feeling mostly sad or depressed on the day of the 
interview) [17].

Information on chronic conditions was based on self-
reported diagnoses. Disease categories used in this study 
were diabetes, cancer excluding non-melanoma skin cancer, 
ocular disease (cataract, glaucoma, or retinal degeneration), 
hearing loss (hearing impairment of any type), psychiatric 
illness, arthrosis of the knee or the hip, pulmonary disease 
(asthma, chronic obstructive pulmonary disease, or chronic 
bronchitis), cardiovascular disease (CVD) or heart failure 
(myocardial infarction, angina pectoris, or heart failure), 
and stroke. Participants were also asked to evaluate their 
oral health condition and they were grouped as “good” and 
“other than good” (including somewhat good, average, 
somewhat poor and poor).

Fasting serum and spot urine samples were collected 
at the health examinations using standard procedures. In 
this study, we used information on serum vitamin-D-25, 
glycosylated hemoglobin-A1c (GHbA1c), serum creati-
nine, urine albumin, serum testosterone (males only), and 
C-reactive protein (CRP). Forced expiratory volume (FEV1) 
of a spirometry test was used to evaluate the function of the 
subject’s respiratory system. Detailed information about the 
measurements and classification are provided in the Sup-
plementary information 1.

Statistical analysis

The analysis was weighted to reduce bias due to nonresponse 
and to correct the oversampling in the age group of 80 years 
and older to represent the Finnish population. The complex 
sampling design was taken into account by using SAS survey 
procedures.

The Rao-Scott chi-square goodness-of-fit test was used 
to calculate prevalence of probable sarcopenia, osteoporosis 
and osteosarcopenia (SURVEYFREQ procedure in SAS), 
and all frequencies were weight-adjusted. Statistical differ-
ences between osteosarcopenia groups were tested using 
analysis of variance for normally distributed continuous 
variables, and Kruskal–Wallis test was used for continu-
ous variables with skewed distributions (Serum CRP and 
urine album). A chi-squared test was used for categorical 
variables. Associations of categorical variables and osteo-
sarcopenia groups were examined with logistic regression 
analysis for dichotomous variables and multinomial logistic 
regression analysis for three-level variables (SURVEYLO-
GISTIC procedure in SAS). Participants without osteoporo-
sis and sarcopenia served as the reference group. In addition, 
to examine differences between the osteosarcopenia group 
and other groups, the osteosarcopenia group was used as the 
reference group. Associations between continuous variables 
and osteosarcopenia groups were examined with analysis 
of variance (GLM procedure in SAS). All analyses were 

initially adjusted for age and sex and then additionally for 
education and smoking, which are known correlates of sar-
copenia and osteoporosis. To correct for the increased risk 
of Type I errors due to multiple comparisons, the Bonferroni 
correction was applied. Results that remained significant 
after applying the Bonferroni correction are indicated sepa-
rately in Table 3, Table S1 and Table S2. The analyses were 
performed using SAS software version 9.4 (SAS Institute 
Inc., Cary, North Carolina, USA).

Results

The current study sample was slightly younger and included 
more men and married/cohabiting participants than the 
entire Health 2000 survey participants aged 55 years and 
older (Table 1). In addition, the participants of the current 
study were physically more active (70% vs. 66%) and had 
less mobility limitations (27% vs. 34%) compared to all 
Health 2000 survey participants, but overall the differences 
were relatively small (Table 1).

The characteristics of the total study population and 
by osteosarcopenia groups are shown in Table 2. Over-
all, the mean age was 68.0 years (SD 9.0) and 54% of the 
subjects were female. The prevalences were the following: 
probable sarcopenia 13.8% (95% confidence interval [CI] 
12.7–15.0%), osteoporosis 11.1% (9.9–12.3%) and osteo-
sarcopenia 3.9% (3.2–4.6%). The mean age was highest in 
the osteosarcopenia group 78.0 years (SD 7.8) and the pro-
portion of women was highest in the osteoporosis (89%) 
and osteosarcopenia (87%) groups. Being a current or past 
smoker was most common in the no sarcopenia and no oste-
oporosis group (44%) and the probable sarcopenia group 
(42%).

Sociodemographic and lifestyle factors

Compared to the no sarcopenia, no osteoporosis group, sub-
jects in the osteosarcopenia and probable sarcopenia only 
groups were more likely to be living alone and physically 
inactive (Table 3). High alcohol use was more common in 
the osteoporosis group compared to the no sarcopenia, no 
osteoporosis group (OR 3.19, 95% CI 1.32–7.67), but was no 
longer statistically significant after Bonferroni correction for 
multiple comparison. No difference was observed between 
probable sarcopenia or osteoporosis group and osteosarco-
penia group (Table 3, Table S1).

In terms of diet, having infrequent meals was less com-
mon (OR 0.65, 95% CI 0.42–0.99), but adhering to a lactose-
free diet was more common (OR 2.14, 95% CI 1.27–3.63) 
in the osteoporosis only group compared to the no sarco-
penia, no osteoporosis group (Table 3). Protein and dairy 
intake were significantly lower in the osteosarcopenia group 
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Table 2   Descriptive characteristics of the study sample by osteosarcopenia group

Overall No sarcopenia, 
no osteoporosis

Sarcopenia only Osteoporosis only Osteosarcopenia p-value

Weighted number of subjects 2105 (100%) 1649 (78.3%) 200 (9.5%) 167 (7.9%) 89 (4.3%)
Sosiodemographic factors
Age, mean (SD) 68.0 (9.0) 64.7 (7.4) 73.1 (8.6) 70.1 (8.1) 78.0 (7.8)  < 0.001
Sex, Female, n (%) 1146 (54.4) 793 (48.1) 127 (63.5) 148 (88.9) 77 (86.4)  < 0.001
Education
  Highest, n (%) 339 (16.2) 290 (17.7) 22 (11.2) 19 (11.5) 7 (8.3)  < 0.001
  Middle, n (%) 455 (21.7) 363 (22.1) 31 (15.8) 44 (26.6) 15 (16.9)
  Lowest, n (%) 1306 (62.2) 990 (60.2) 146 (73.0) 103 (61.9) 66 (74.8)
  Married or cohabiting, n (%) 1350 (64.2) 1158 (70.4) 92 (46.0) 83 (50.0) 15 (17.4)  < 0.001
Lifestyle factors
Physical activity
  Exercise training, n (%) 288 (14.2) 256 (15.9) 11 (6.3) 18 (11.2) 2 (3.3)  < 0.001
  Active, n (%) 1203 (59.2) 1004 (62.2) 86 (47.4) 89 (55.4) 23 (31.3)
  Inactive, n (%) 541 (26.6) 353 (21.9) 84 (46.4) 53 (33.4) 49 (65.4)
Smoking, Current or past, n (%) 869 (41.4) 720 (43.8) 84 (42.3) 40 (24.6) 23 (26.6)  < 0.001
Alcohol
  Abstinence, n (%) 627 (30.9) 417 (25.9) 89 (48.1) 72 (46.2) 47 (61.9)  < 0.001
  Medium or low use, n (%) 1319 (64.9) 1123 (69.7) 91 (49.0) 77 (49.0) 27 (35.5)
  High use, n (%) 85 (4.2) 70 (4.4) 5 (2.9) 7 (4.8) 2 (2.6)
Infrequent meals (fewer than 1–2 per day) vs. 

frequent meals, n (%)
566 (26.9) 475 (28.8) 40 (20.1) 31 (18.9) 19 (22.1) 0.003

Lactose free diet, n (%) 187 (10) 142 (9.4) 12 (8.3) 24 (18) 8 (12.6) 0.01
Dairy product intake, g/d, mean (SD) 628 (353) 620 (362) 689 (388) 622 (319) 640 (322) 0.38
Protein intake, g/d, mean (SD) 94 (36) 94 (35) 101 (43) 93 (39) 88 (29) 0.007
Calcium intake, mg/d, mean (SD) 1518 (627) 1494 (653) 1510 (598) 1609 (624) 1509 (498) 0.66
Anthropometric measurements
Body mass index (kg/m2)
  Underweight (< 18.5), n (%) 18 (0.9) 3 (0.2) 3 (1.9) 3 (2.3) 7 (8.6)  < 0.001
  Normal weight (18.5–24.9), n (%) 551 (26.2) 391 (23.7) 62 (31.3) 59 (35.6) 37 (42.1)
  Overweight (25–29.9), n (%) 921 (43.8) 757 (46.0) 69 (34.7) 66 (39.5) 28 (31.9)
  Obese (≥ 30), n (%) 613 (29.2) 496 (30.1) 64 (32.1) 37 (22.6) 15 (17.4)
Weight loss
   > 5 kg unintentionally vs. No weight loss, 

n (%)
100 (5) 65 (4) 18 (10) 11 (7.6) 3 (5.4) 0.008

   > 5 kg intentionally vs. No weight loss, n 
(%)

101 (5) 86 (5.4) 7 (3.8) 6 (4.1) 1 (1.5)

  1–5 kg vs. No weight loss, n (%) 279 (13.9) 210 (13.2) 31 (17.2) 22 (14.4) 13 (19.2)
Physical and mental function
Mobility limitation (500 m or stairs), n (%) 493 (23.6) 257 (15.7) 103 (52.0) 65 (39.9) 67 (77.9)  < 0.001
ADL limitation, n (%) 282 (13.4) 124 (7.6) 73 (36.7) 35 (21.5) 48 (54.4)  < 0.001
Depressive mood, n (%) 738 (37.0) 554 (34.9) 85 (48.3) 55 (35.2) 43 (59.2)  < 0.001
Grip strength, kg, mean (SD) 31.1 (12.6) 35.7 (11.8) 15.7 (5.4) 25.2 (7.7) 13.1 (4.6)  < 0.001
Gait speed, m/s, mean (SD) 1.5 (0.4) 1.6 (0.4) 1.1 (0.4) 1.3 (0.3) 0.9 (0.3)  < 0.001
FEV1 spirometry, L, mean (SD) 2.5 (0.8) 2.7 (0.8) 2.1 (0.6) 2.2 (0.7) 1.6 (0.5)  < 0.001
Short MMSE, median (Q1, Q3) 14 (12, 15) 14 (13, 15) 13 (11, 15) 14 (12, 15) 13 (10, 15)  < 0.001
Chronic conditions
Diabetes, n (%) 221 (10.5) 164 (10.0) 32 (16.3) 14 (8.9) 9 (10.7) 0.045
Cancer excluding non-melanoma skin cancer, 

n (%)
169 (8.0) 119 (7.3) 19 (9.6) 22 (13.7) 7 (8.1) 0.026

Ocular disease, n (%) 497 (23.6) 306 (18.7) 91 (45.5) 51 (30.9) 47 (52.5)  < 0.001
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compared to the no sarcopenia, no osteoporosis group 
(85 g/d and 529 g/d vs. 95 g/d and 635 g/d, respectively), 
whereas in the probable sarcopenia only and osteoporosis 
only groups protein or dairy intake was similar to that in 
the no sarcopenia, no osteoporosis group. These differ-
ences were however not significant after applying Bonfer-
roni correction for multiple comparisons. No difference was 
observed between probable sarcopenia or osteoporosis group 
and osteosarcopenia group (Table S1). There were no sig-
nificant differences in calcium intake between the groups 
(Table 3).

Anthropometric measures

Being underweight was more common in both the prob-
able sarcopenia only, osteoporosis only and osteosarcope-
nia groups compared to the no sarcopenia, no osteoporosis 
group, and the odds were highest in the osteosarcopenia 
group (OR 16.55, 95% CI 3.86–71.03). The odds of being 
obese were significantly lower in the osteoporosis only and 
osteosarcopenia groups, but not in the probable sarcopenia 
only group, compared to the no sarcopenia, no osteoporosis 
group. In terms of weight loss, the probable sarcopenia only 
group was the only group showing higher odds for uninten-
tional weight loss (OR 1.88, 95% CI 1.04–3.40) compared 
to the no sarcopenia, no osteoporosis group, but this was 
not statistically significant after applying Bonferroni cor-
rection for multiple comparisons (Table 3). No difference 
in anthropometric measures was observed between probable 
sarcopenia or osteoporosis group and osteosarcopenia group, 
except that overweight and obesity were more common in 
probable sarcopenia only group compared to osteosarcope-
nia group (Table S1).

Physical and mental function

Self-reported mobility and ADL limitations were more 
common in the probable sarcopenia only (OR 3.07, 95% CI 
2.14–4.40), osteoporosis only (OR 2.11, 95% CI 1.43–3.12) 
and osteosarcopenia (OR 6.74, 95% CI 3.71–12.25) groups 
compared to the no sarcopenia, no osteoporosis group 
(Table 3). When compared to the osteosarcopenia group, 
probable sarcopenia only and osteoporosis only groups had 
significantly lower odds ratios in both mobility and ADL 
limitation; however, after applying the Bonferroni correc-
tion, the difference between the osteosarcopenia and prob-
able sarcopenia groups was not statistically significant 
(Table S1). Hand grip strength and gait speed were signifi-
cantly lower/slower in the probable sarcopenia only and 
osteosarcopenia groups compared to the no sarcopenia, no 
osteoporosis group and osteoporosis only group. The prob-
able sarcopenia only and osteosarcopenia groups had lower 
lung capacity measured with FEV1 than other groups, but 
no longer statistically significant after Bonferroni correction 
(Table 3).

Depressive mood was more common and MMSE points 
lower in the probable sarcopenia only and osteosarcopenia 
groups, but not in the osteoporosis only group compared to 
the no sarcopenia, no osteoporosis group (Table 3). Depres-
sive mood did not differ between probable sarcopenia only 
and osteosarcopenia groups (Table S1).

Chronic conditions

The odds of knee and hip osteoarthrosis was higher in all 
groups compared to the no sarcopenia, no osteoporosis 
group (Table 3). However, there were no difference between 

Table 2   (continued)

Overall No sarcopenia, 
no osteoporosis

Sarcopenia only Osteoporosis only Osteosarcopenia p-value

Hearing loss, n (%) 543 (25.9) 416 (25.3) 53 (26.5) 44 (26.4) 30 (33.8) 0.36
Psychiatric illness, n (%) 294 (14.0) 218 (13.3) 33 (16.7) 23 (13.9) 20 (22.7) 0.059
Arthrosis of the knee or the hip, n (%) 815 (38.9) 584 (35.6) 98 (49.3) 84 (50.6) 47 (54.0)  < 0.001
Pulmonary disease, n (%) 361 (17.2) 249 (15.2) 43 (21.9) 46 (27.7) 21 (25.0)  < 0.001
CVD or heartfailure, n (%) 453 (21.7) 299 (18.3) 69 (34.5) 44 (26.7) 40 (46.4)  < 0.001
Stroke, n (%) 106 (5.0) 70 (4.3) 18 (9.0) 9 (5.7) 8 (9.1) 0.008
Oral health other than good, n (%) 286 (13.6) 208 (12.7) 38 (19.4) 19 (11.8) 19 (21.4) 0.008
Laboratory biomarkers
Vitamin D-25, nmol/l, mean (SD) 47 (18) 49 (18) 42 (17) 47 (21) 38 (14)  < 0.001
GHbA1c, %, mean (SD) 5.6 (0.8) 5.6 (0.8) 5.7 (0.9) 5.5 (0.6) 5.6 (0.8) 0.015
Creatinine, µmol/l, mean (SD) 75 (18) 76 (17) 78 (21) 73 (23) 72 (22)  < 0.001
Urine albumin, mg/l, median (Q1, Q3) 3.6 (0, 9.0) 3.2 (0, 7.3) 5.9 (0, 16.7) 4.6 (0, 11.5) 7.1 (3.8, 19.3)  < 0.001
Testosterone (males), nmol/l, mean (SD) 15 (6) 15 (6) 16 (7) 18 (8) 12 (6) 0.079
CRP, mg/l, median (Q1, Q3) 1.1 (0.4, 2.7) 1.1 (0.4, 2.5) 1.6 (0.7, 4.3) 1.1 (0.4, 2.9) 1.2 (0.6, 3.1)  < 0.001
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Table 3   The association of sociodemographic and lifestyle factors, and physical and mental conditions with osteosarcopenia group

No sarcopenia, no osteopo-
rosis

Probable sarcopenia only Osteoporosis only Osteosarcopenia

Sosiodemographic factors OR. Reference OR (95% CI) OR (95% CI) OR (95% CI)
Married or cohabiting vs. Liv-

ing alone
1.00 0.63 (0.45–0.89) 0.89 (0.61–1.30) 0.26 (0.14– 0.47)b

Lifestyle factors
Physical activity
  Exercise training vs. Inac-

tive
1.00 0.36 (0.19–0.68) 0.90 (0.49–1.66) 0.22 (0.06–0.82)

  Active vs. Inactive 1.00 0.55 (0.40–0.75)b 0.78 (0.54–1.14) 0.33 (0.20–0.56)b

Alcohol
  High use vs. Abstinence 1.00 1.02 (0.39–2.64) 3.19 (1.32–7.67) 3.33 (0.76–14.59)
  Medium or low use vs. 

Abstinence
1.00 0.65 (0.46–0.92) 0.75 (0.53–1.06) 0.66 (0.40–1.08)

Infrequent meals (fewer than 
1–2 per day) vs. frequent 
meals

1.00 0.75 (0.50–1.13) 0.65 (0.42–0.99) 0.95 (0.54–1.68)

Lactose free diet 1.00 0.95 (0.49–1.84) 2.14 (1.27–3.63) 1.68 (0.82–3.45)
Adjusted mean (95% CI) Adjusted mean (95% CI) Adjusted mean (95% CI) Adjusted mean (95% CI)

Dairy product intake, g/d 635 (617–654) 639 (583–694) 593 (533–652) 529 (451–607)
Protein intake, g/d 95 (93–97) 100 (94–105) 92 (86–98) 85 (77–92)
Calcium intake, mg/d 1463 (1380–1547) 1469 (1259–1680) 1508 (1312–1705) 1358 (1087–1629)
Anthropometric measurements
  Body mass index (kg/m2) OR, Reference OR (95% CI) OR (95% CI) OR (95% CI)
  Underweight (< 18.5) vs. 

Normal weight (18.5–25)
1.00 7.33 (1.57–34.26) 5.83 (1.28–26.50) 16.55 (3.86–71.03)b

  Overweight (25–29.9) vs. 
Normal weight (18.5–25)

1.00 0.55 (0.37–0.82) 0.54 (0.36–0.81) 0.35 (0.21–0.59)b

  Obese (≥ 30) vs. Normal 
weight (18.5–25)

1.00 0.77 (0.52–1.16) 0.40 (0.25–0.64)b 0.28 (0.15–0.52)b

Weight loss
   > 5 kg unintentionally vs. 

No weight loss
1.00 1.88 (1.04–3.40) 1.45 (0.71–2.94) 0.83 (0.32–2.15)

   > 5 kg intentionally vs. No 
weight loss

1.00 1.09 (0.44–2.70) 0.97 (0.38–2.47) 0.43 (0.04–4.45)

  1–5 kg vs. No weight loss 1.00 1.16 (0.75–1.79) 0.83 (0.51–1.35) 0.87 (0.44–1.72)
Physical and mental function OR, Reference OR (95% CI) OR (95% CI) OR (95% CI)
Mobility limitation 1.00 3.07 (2.14–4.40)b 2.11 (1.43–3.12) 6.74 (3.71–12.25)b

ADL limitation 1.00 4.82 (3.44–6.76)b 2.88 (1.90–4.35)b 9.06 (5.59–14.70)b

Depressive mood 1.00 1.72 (1.25–2.38)b 0.97 (0.66–1.41) 2.75 (1.63–4.64)b

Adjusted mean (95% CI) Adjusted mean (95% CI) Adjusted mean (95% CI) Adjusted mean (95% CI)
Grip strength, kg 34.4 (34.1–34.7) 20.2 (19.4–21.1)b 32.8 (31.9–33.8) 23.2 (22.0–24.5)b

Gait speed, m/s 1.54 (1.53–1.56) 1.28 (1.23–1.32)b 1.44 (1.39–1.49)b 1.21 (1.15–1.28)b

FEV1 spirometry, L 2.57 (2.54–2.59) 2.41 (2.33–2.49) 2.59 (2.50–2.68) 2.39 (2.27–2.52)
Short MMSE 13.6 (13.5–13.7) 12.9 (12.6–13.2)b 13.3 (12.9–13.6) 12.7 (12.2–13.1)b

Chronic conditions OR, Reference OR (95% CI) OR (95% CI) OR (95% CI)
Diabetes 1.00 1.33 (0.86–2.05) 0.74 (0.39–1.41) 0.77 (0.38–1.54)
Cancer excluding non-mela-

noma skin cancer
1.00 0.78 (0.46–1.33) 1.20 (0.75–1.92) 0.52 (0.26–1.04)

Ocular disease 1.00 1.59 (1.12–2.25) 0.83 (0.55–1.24) 1.25 (0.77–2.03)
Hearing loss 1.00 0.78 (0.54–1.13) 1.04 (0.72–1.51) 0.99 (0.58–1.68)
Psychiatric illness 1.00 1.51 (0.98–2.30) 1.07 (0.63–1.84) 2.46 (1.36–4.44)
Arthrosis of the knee or the hip 1.00 1.61 (1.16–2.24) 1.57 (1.12–2.20) 1.79 (1.17–2.75)



	 Archives of Osteoporosis           (2024) 19:80    80   Page 8 of 11

probable sarcopenia only and osteoporosis only compared 
to osteosarcopenia group (Table S1). Cardiovascular disease 
or heart failure was more common in the osteosarcopenia 
group compared to the no sarcopenia, no osteoporosis group 
(OR 1.76, 95% CI 1.13–2.74) (Table 3), whereas the prob-
able sarcopenia only and osteoporosis only groups showed 
no difference to the no sarcopenia, no osteoporosis group 
(Table S1). Psychiatric illness was more common in the 
osteosarcopenia group compared to the no sarcopenia, no 
osteoporosis group (Table 3) and osteoporosis only group 
(Table S1). Regarding chronic conditions, the only statisti-
cally significant difference that remained after applying the 
Bonferroni correction was the higher odds of pulmonary 
diseases in the osteoporosis group compared to the group 
without sarcopenia or osteoporosis. No differences across 
osteosarcopenia groups were observed for diabetes, cancer, 
ocular disease, hearing loss, stroke, or oral health condition 
(Table 3).

Laboratory tests

As an indicator of chronic inflammation, CPR was elevated 
in the probable sarcopenia only and osteosarcopenia groups 
and was higher in the probable sarcopenia only group com-
pared to osteosarcopenia group. The probable sarcopenia 
only and osteosarcopenia groups had comparable and lower 
levels of serum vitamin-D levels than other groups. These 
differences however did not remain significant after apply-
ing the Bonferroni correction. There were no differences 
between groups in GHbA1c, creatinine, testosterone, or 
urine albumin across osteosarcopenia groups (Table 3).

Discussion

The prevalence of probable sarcopenia, osteoporosis, and 
osteosarcopenia in a representative population-based sample 
of Finnish adults was 13.8%, 11.1%, and 3.9%, respectively. 
Our study revealed that osteosarcopenia was associated 
with factors related to frailty, including impaired mobility, 
low bodyweight and depression. Physical performance was 
impaired and relatively similar among those with osteosar-
copenia and probable sarcopenia only, but clearly different 
from those with osteoporosis only or neither sarcopenia 
nor osteoporosis. Mobility and ADL limitations were more 
common in the osteosarcopenia group than in the probable 
sarcopenia or osteoporosis only groups.

Previous studies have reported varying overall preva-
lence rates of osteosarcopenia, ranging from 5 to 37% [24]. 
However, these studies often had older study populations, a 
higher proportion of women, and some samples were spe-
cifically selected from populations with a history of falling. 
Additionally, differences in methodology, definitions, and 
genetic, environmental, and cultural factors in the studied 
populations may contribute to variations in results.

There are currently no studies on osteoporosis preva-
lence in Finland based on WHO guidelines and DXA-based 
BMD measurement. In the USA, the unadjusted prevalence 
of osteoporosis in people aged 65 and older was 5.1% for 
men and 24.5% for women between 2005 and 2010 [25]. 
Similarly, a Swedish study found the prevalence to be 21.2% 
in women and 6.3% in men aged 50–84 [26]. In our study, 
we adopted a T-score of − 2.5 as the threshold for diagnos-
ing osteoporosis, based on the World Health Organization 
(WHO) definition [10]. Although using calcaneal ultrasound, 
a study by López-Rodrígues (2003) suggested that a T-score 
of − 1.5 provides the best balance between sensitivity and 

Results are presented for categorical variables as odds ratios (OR) and mean values for continues variables, and their 95% confidence intervals 
(CI). Analyses are adjusted for age, sex, education and smoking. bStatistically significant difference compared to the no sarcopenia, no osteopo-
rosis group after Bonferroni correction

Table 3   (continued)

No sarcopenia, no osteopo-
rosis

Probable sarcopenia only Osteoporosis only Osteosarcopenia

Pulmonary disease 1.00 1.46 (0.98–2.17) 1.98 (1.35–2.91)b 1.81 (1.02–3.22)
CVD or heartfailure 1.00 1.36 (0.98–1.89) 1.10 (0.72–1.68) 1.76 (1.13–2.74)
Stroke 1.00 1.60 (1.00–2.56) 1.33 (0.69–2.59) 1.63 (0.73–3.67)
Oral health other than good 1.00 1.43 (0.96–2.13) 0.91 (0.55–1.50) 1.61 (0.90–2.89)
Laboratory biomarkers Adjusted mean (95% CI) Adjusted mean (95% CI) Adjusted mean (95% CI) Adjusted mean (95% CI)
Vitamin D-25, nmol/l 48.0 (47.1–48.9) 43.6 (41.2–46.1) 47.8 (45.0–50.6) 40.7 (36.9–44.5)
GhbA1c, % 5.62 (5.58–5.66) 5.62 (5.52–5.73) 5.47 (5.34–5.59) 5.44 (5.28–5.60)
Creatinine, µmol/l 77.7 (76.8–78.6) 76.7 (74.4–79.1) 76.7 (74.0–79.4) 72.5 (68.9–76.1)
Urine albumin, Log(mg/l) 2.42 (2.34–2.51) 2.64 (2.44–2.83) 2.63 (2.39–2.87) 2.31 (2.04–2.59)
Testosterone (males), nmol/l 15.0 (14.6–15.4) 15.9 (14.5–17.3) 18.2 (15.5–21.0) 12.3 (8.6–15.9)
CRP, Log(mg/l) 0.13 (0.06–0.21) 0.59 (0.40–0.78) 0.11 (− 0.10–0.33) 0.31 (0.02–0.59)
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specificity in diagnosing osteoporosis compared to the gold 
standard dual-energy X-ray absorptiometry (DXA) method 
[27]. Therefore, it is possible that our results may underesti-
mate the prevalence of osteoporosis. The clinical importance 
of our study is to identify potential conditions associated 
with an increased risk of fracture and other hazards, thereby 
adding value to existing risk assessment tools. Therefore, 
based on the expected prevalence from previous studies and 
clinical reasoning, we chose to accept the potential underes-
timation of osteoporosis with a T-score threshold of − 2.5 to 
further accentuate the differences between the study groups 
(osteosarcopenia, probable sarcopenia only, osteoporosis 
only, and no sarcopenia or osteoporosis).

According to the 2019 European Working Group on 
Sarcopenia in Older People (EWGSOP2) statement, the 
assessment of sarcopenia involves evaluating both muscle 
strength and muscle mass. In our study, we utilized only 
grip strength, based on the EWGSOP2 criteria for probable 
sarcopenia. Consequently, the actual prevalence of sarcope-
nia may be lower than that which we found. However, it is 
important to note that diagnostic criteria for sarcopenia are 
continuously evolving, and current guidelines emphasize the 
significance of reduced muscle strength, especially in clini-
cal practice [28].

Several studies have explored the association of osteo-
sarcopenia with adverse health and functional outcomes, 
though methodologies and definitions vary markedly. In the 
study by Huo et al. (2015) involving patients referred to an 
Australian falls and fractures clinic, osteopenia was defined 
using a DXA-based BMD T-score lower than − 1.0 and sar-
copenia was defined by having at least two of the following 
conditions: low gait speed, low grip strength and low appen-
dicular lean mass measured by DXA. Notably, osteopenia 
and not osteoporosis was a component of osteosarcopenia 
in addition to sarcopenia. Okamura et al. (2020) conducted 
a retrospective study of patients treated in a Tokyo centre for 
osteoporosis. They defined osteosarcopenia as osteoporosis 
concurrent with sarcopenia and used DXA-based T-score 
lower than − 2.5 or a previous fragility fracture as definitive 
of osteoporosis. Sarcopenia was defined by low gait speed 
or both low muscle mass and low grip strength. A study by 
Reiss et al. (2019) studying geriatric inpatients considered 
sarcopenia to be present if appendicular muscle mass meas-
ured by DXA was low and either grip strength or gait speed 
was low. Osteoporosis was defined as having T-score lower 
than − 2.5 using DXA.

In line with our findings, previous studies have also 
reported associations of osteosarcopenia with low BMI, 
malnutrition, osteoarthritis, and depression. In addition, 
osteosarcopenia has been associated with impaired mobil-
ity and slower gait speed compared to having osteoporosis 
only [29–31]. In the study by Huo et al. (2015), no differ-
ences between osteosarcopenia and sarcopenia only groups 

were found in terms of mobility limitation or depression. In 
our study, which represents the general population, those 
with osteosarcopenia had higher odds of depression and 
impaired mobility compared to those with probable sarco-
penia only. Our results contrasted with those of Huo et al. 
(2015) regarding the associations of osteosarcopenia with 
cancer, pulmonary disease, and heart disease. The differ-
ence in these results might be due to the inclusion criteria 
of having past falls or increased risk of fractures in the study 
of Huo et al., in addition to differences in methodology and 
definitions of osteosarcopenia, sarcopenia, impaired mobil-
ity and depression. Overall, our results suggest sarcopenia as 
making a greater contribution to factors of functional decline 
than osteoporosis.

This study benefits from a large nationwide sample that 
is representative of the Finnish general population. The 
extensive study population and the comprehensiveness of 
our study, which included health examinations, surveys, and 
laboratory tests, made the inclusion of numerous factors for 
analysis possible. The methods used to assess bone mineral 
density and grip strength are well established.

Some limitations should also be acknowledged. DXA-
based assessments of muscle mass and bone mineral density 
were not available. Moreover, the study sample was slightly 
younger and better functioning compared to the nationally 
representative Health 2000 Survey participants, which may 
limit generalizability of the findings to general population. 
Furthermore, the data were collected in 2000, and the preva-
lence of sarcopenia, osteoporosis, and osteosarcopenia may 
have changed since then due to the aging population.

In conclusion, subjects with osteosarcopenia have more 
mobility and ADL limitations compared to those with either 
probable sarcopenia or osteoporosis only. The potential addi-
tional value of combining these two known risk factors to 
predict risk of fall-related injuries, decline in mobility, loss 
of ability to perform daily activities, and death compared 
to only having one component of osteosarcopenia must be 
validated in future longitudinal studies.
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