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Remarkable improvement in serum 25-hydroxyvitamin levels
among hip fracture patients over a 12-year period: a prospective study
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Abstract

Summary Hypovitaminosis D is a problem among hip fracture patients. In a 1-year cohort study comprising 245 hip fracture
patients (mean age of females 81 years and males 78 years) from south-eastern Finland, the mean 25-hydroxyvitamin D
[S-25(OH)D] concentration was 73(SD 31) nmol/L. Vitamin D supplementation has been integrated into our current practice.
Introduction The objectives of this study are to verify vitamin D levels among hip fracture patients and to compare the results
with a similar study conducted in the same two hospitals covering the same geographic area 12 years ago.
Methods A prospective cohort comprising 245 Caucasian hip fracture patients was enrolled in the study in two acute hospitals in
south-eastern Finland (61° N) over a 12-month period in 2015–2016. The S-25(OH)Dwas measured using 25-hydroxyvitamin D
electrochemiluminescence binding assay. The S-25(OH)D concentrations were compared with the corresponding concentrations
of a similar cohort analyzed in the same two hospitals 12 years ago.
Results Of the 245 patients, 70%were women with a mean age of 81 (SD 10) years, while the men had a mean age of 78 (SD 12)
years (p < 0.01). The total mean S-25(OH)D concentration was 73 (SD 31.3) nmol/L. Regional differences were found: 15% in
hospital A and 36% in hospital B had a S-25(OH(D level < 50 nmol/L, and the mean S-25(OH)D level was 79.2 (SD 31.7) nmol/
L in hospital A and 62.4 (SD 27.5) nmol/L in hospital B (p < 0.001). No differences were found in S-25(OH)D concentrations by
either the place of residence or the time of year. Overall, the percentage of patients with a sufficient vitamin D level
(> 50 nmol/L) was remarkably higher in 2015–2016 (77%) than in 2003–2004 (22%).
Conclusion Our results indicate that vitamin D supplementation has been widely integrated into our current practice. However,
regional differences were found in the S-25(OH)D concentrations for which the reasons are unknown.
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Introduction

Vitamin D deficiency is a common global problem [1]. It
causes secondary hyperparathyroidism, high bone turnover,
bone loss, mineralization defects, as well as hip and other
fractures [2].

The risk factors for vitamin D deficiency are related
to race, latitude, exposure to sunlight, decreased func-
tional capacity of the skin, and the use of vitamin D
supplementation. Older adults are at a high risk of de-
veloping vitamin D deficiency due to decreased cutane-
ous synthesis and dietary intake of vitamin D and to the
efficacy of vitamin D supplementation.

According to the most recent recommendation from
The European Society for Clinical and Economic
Aspects of Osteoporosis and Osteoarthritis (ESCEO),
50 nmol/L (i.e., 20 ng/mL) should be the minimal se-
rum 25-hydroxyvitamin D [S-25(OH)D] concentration at
the population level and in patients with osteoporosis to
ensure optimal bone health [3]. Below this threshold,
vitamin D supplementation is recommended at 800 to
1000 IU/day [3]. In fragile elderly subjects who are at
a heightened risk of falls and fractures, the ESCEO
recommends a minimum S-25(OH)D level of 75 nmol/
L (i.e., 30 ng/mL), in order to achieve the greatest im-
pact on fracture prevention [3]. The upper limit of ade-
quacy, i.e., the level above which adverse effects are
possible, is defined as 125 nmol/L (i.e., 50 ng/mL)
[4]. Vitamin D status appears to be inversely related
to fractures in middle-aged adults. In older adults, the
dose response relationship between baseline vitamin D
status and fracture risk appears to be J-shaped [5].
According to a recent meta-analysis, a low vitamin D
level (≤ 50 nmol/L) is associated with an increased risk
of all types of fractures and hip fractures [6].

Falls are a major risk factor for fractures. Calcium and
vitamin D supplementation leads to a modest reduction in
fracture risk, although population level intervention has not
been shown to be an effective public health strategy [7].
According to the literature, calcium alone did not lead to a
clinically significant fracture reduction [8].

The most serious type of fracture in the elderly is hip frac-
ture, because nearly all patients are treated operatively and
their first-year morbidity and mortality after the fracture are
high. In 2003 and 2004, we studied the S-25(OH)D status in
223 Caucasian patients with an acute hip fracture in two hos-
pitals in south-eastern Finland (61° N). The hospitals are re-
sponsible for an area comprising a total of 300,000 inhabitants
[9]. In this study conducted 12 years ago, only every fifth
patient with an acute hip fracture had a sufficient vitamin D
level (≥ 50 nmol/L) [9].

In the present study, our aim was to verify vitamin D levels
among hip fracture patients in the same two hospitals covering

the same geographic area with prospective data collected over
1 year and to compare the present vitamin D concentrations to
those found in the previous study 12 years ago [9].

Material and methods

We registered prospective, consecutive patients with a fresh hip
fracture at the Päijät-Häme Central Hospital (A) in the city of
Lahti and at the North Kymi Hospital (B) in the city of
Kouvola, in south-eastern Finland (61° N). A number of pa-
tients in Kouvola were transferred to the Central Hospital of
Kymenlaakso, in the city of Kotka, and these patients were
included in the hip fracture data of the North Kymi Hospital.
The fractures were coded in accordance with ICD-10 classifi-
cation, as had been conducted in 2003–2004 for femoral neck
fractures (S72.0), trochanteric fractures (S72.1), and
subtrochanteric fractures (S72.2). Pathological fractures and
high-energy fractures were excluded.

The study period in both hospitals was from October
15, 2015 to October 14, 2016 (12 months). Hospital A is
responsible for an area of 210,000 inhabitants and hospi-
tal B, correspondingly, for 86,000 inhabitants. The study
was approved by the Ethics Committee of Surgery at the
Hospital District of Helsinki and Uusimaa in Finland.
Written informed consent was obtained from all patients.

Data gathering

Most of the basic data gathering was performed by ded-
icated nurses trained for this work. They compiled, pro-
spectively, the questionnaire with data regarding the pa-
tients’ background: age, gender, height, weight, place of
residence, date and time of injury, date of admission,
use of medication, and previous fractures.

The patients’ place of residence was defined: (i) pa-
tient’s actual/private home, further defined as Bprivate
home^; (ii) residential care home for the elderly or
any unit of residence provided by the social care ser-
vices, further defined as Bresidential home^; (iii) service
home with 24-h staff assistance, further defined as
Bservice home with 24-h assistance^; and (iv) hospital
or other institution. Previous fractures were classified:
fracture of the proximal humerus, elbow, wrist, rib, ver-
tebra, pelvis, hip, femur, knee, tibia and ankle, or mul-
tiple fractures suffered at the age of 50 years or older.

Each patient or his/her representative (relative or car-
er) was asked whether he/she used calcium and/or vita-
min D supplementation and/or anti-osteoporotic drugs
on a daily basis before the injury.

The types of fractures were recorded by an orthopedic sur-
geon in all the hospitals (RT., P.L., A.T.). The ASA score
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(American Society of Anaesthesiologists score) [10] was also
recorded.

Laboratory measures

Serum samples were collected after arrival at hospital.
Serum samples were centrifuged at 2000g for 10 min
and frozen as soon as possible. The frozen samples
were transferred from hospital B to hospital A, where
all the samples were stored at − 70 °C until analyzed in
batches. Serum assays were performed in cobas 8000
modular analyzer series (Roche Diagnostic GmbH,
Mannheim, Germany).

S-25(OH)D was measured using 25-hydroxyvitamin
D electrochemiluminescence binding assay (Roche
Diagnostic GmbH, Mannheim, Germany). The assay
employs a vitamin D binding protein to bind vitamin
D3 (25-OH) and vitamin D2 (25-OH). The measurement
range is 7.5–175 nmol/L, and reference range is >
50 nmol/L. The method has been standardized against
liquid chromatography-tandem mass spectrometry [11]
which, in turn, has been standardized to the NIST stan-
dard [12]. At the normal range (mean 70.8 nmol/L),
repeatability and intermediate precision of the test are
3.9 and 6.5%, respectively.

Cross-reactivity for 25-hydroxyvitamin D3 is 100%
both in the current assay (Roche Diagnostics) and in
the radioimmunoassay (IDS) used in the previous study
[9] and for 25-hydroxyvitamin D2, 92 and 75%, respec-
tively. According to information provided by the manu-
facturers, there is no significant difference in cross-
reactivity for 24,25-dihydroxyvitamin D3, cholecalciferol
D3, and ergocalciferol D2 between the assays.

In order to compare the S-25(OH)D concentrations of
the present study with the corresponding results of the
previous study [9], the S-25(OH)D concentrations of the
previous study [9] were re-analyzed in accordance with
the prevailing S-25(OH)D classification.

Statistical analyses

Differences between two groups were tested using the
chi-squared test and Wilcoxon rank test, and, in cases of
more than two groups, with the Kruskal-Wallis test.
Fisher’s exact test was used when appropriate. For dif-
ferences in the mean values between more than two
groups, the two-way analysis of variance (ANOVA)
was applied. The p values < 0.05 were considered sta-
tistically significant.

Results

The baseline characteristics of the patients, distribution of
fracture types and ASA classes, and the pre-fracture use of
calcium and vitamin D supplements according to hospitals
are shown in Table 1. The most relevant basic variables of
the previous study on 223 hip fracture patients [9] are shown
in Table 2.

During the study period, a total of 245 Caucasian patients
(70% female) with an acute hip fracture were enrolled in the
study: 156/245 (64%) patients in hospital A and 89/245 (36%)
patients in hospital B. Two hip fracture patients (2/89) in
North Kymi Hospital (hospital B) were operated on at the
Kymenlaakso Central Hospital, Kotka. No differences were
found in the mean age of males and females between the
hospitals (Table 1). In the total data, the mean age of females
was 81 (SD 9.5) years and males 78 (SD 12) years (F-test:
5.36, d.f. = 1; 240, p < 0.01).

Thirty-seven percent of patients (91/245) had sustained 119
previous fractures, mainly hip (29%), wrist (24%), or vertebra
(11%) fractures (Fig. 1). Nine percent of patients (23/245) had
previously sustained multiple fractures (range: 2–4 fractures)
(Table 1), mostly wrist, hip, or proximal humerus fractures
(Fig. 1). Sixty percent had sustained no previous fractures,
and information on previous fractures was missing in seven
patients. A total of 4% of the patients had used anti-
osteoporotic medication before the index hip fracture
(Table 1).

Vitamin D status

The mean S-25(OH)D concentration was 73.1 (SD 31.3)
nmol/L, and there was a slight difference in mean vita-
min D levels between males and females; 67.0 (SD
31.0) nmol/L vs. 75.8 (SD 31.1) nmol/L, respectively
(F-test 4.49, d.f. = 1; 239, p < 0.05).

The distribution of S-25(OH)D concentrations accord-
ing to hospital is shown in Table 3. 25-hydroxyvitamin
D assay was missing in one patient in hospital B. In the
total data, four patients had a S-25(OH)D concentration
below 10 nmol/L and as many patients had a level
above 150 nmol/L. The mean S-25(OH)D level was
79.2 (SD 31.7) nmol/L in hospital A and 62.4 (SD
27.5) nmol/L in hospital B (F-test: 17.39, d.f. = 1; 239,
p < 0.001). The S-25(OH)D concentration was insuffi-
cient (< 50 nmol/L) in 36.3% of the patients in hospital
B, whereas the corresponding figure in hospital A was
14.8% (Table 3).

In the previous study [9], there were no differences in
S-25(OH)D concentrations between the hospitals. Overall, the
S-25(OH)D concentrationswere lower in the previous study than
in the present study. In the previous study, the S-25(OH)D
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concentration was < 50 nmol/L in 77.6% of the patients, and
3.1% reached the optimal level of 75–120 nmol/L (Table 3).

Previous fractures and vitamin D

Whether the patient had sustained none, one, or more than one
previous fracture, or the figure remained unknown (7 cases),
there were no differences in the mean vitamin D levels be-
tween these groups (F-test: 0.68, d.f. = 1; 237, n.s.). Regarding
the respective hospitals, there were differences between the
groups: hospital A patients had a higher mean vitamin D level
in all groups (F-test: 17.14; d.f. = 1; 237, p < 0.001).

ASA class and vitamin D

Most of the patients who belonged to ASA class 3 (n = 146)
had a vitamin D level of ≥ 50 nmol/L (113/146, 77%). Those
who belonged to ASA class 4 (n = 65, one assay missing) also
had a vitamin D level of ≥ 50 nmol/L (51/65, 78%). An opti-
mal level (> 75 nmol/L) was achieved in 50% of ASA class 3
and in 43% of ASA class 4.

BMI and vitamin D

Body mass index (BMI, kg/m2) was calculated in 216 pa-
tients. No difference was found in BMI distribution (<

Table 1 Basic data on the 245
Caucasian hip fracture patients
according to hospital

Hospital A

n (%)

Hospital B

n (%)

Total

n (%)

Statistic

Sex
Women 106 (68) 65 (73) 171 (70)
Men 50 (32) 24 (27) 74 (30)
Total 156 (100) 89 (100) 245 (100) n.s.
Age distribution, years
49–59 7 (5) 3 (3) 10 (4)
60–69 22 (14) 12 (14) 34 (14)
70–79 38 (24) 20 (23) 58 (24)
80–89 61 (39) 38 (42) 99 (40)
90–99 28 (18) 16 (18) 44 (18) n.s.
Mean age, years (SD)
Women 80.9 (9.8) 82.0 (9.2) 81.3 (9.5)
Men 77.3 (11.9) 79.3 (11.8) 80.3 (10.4) n.s.
Place of residence
Actual/private home 120 (77) 57 (64) 175 (72)
Residential home 15 (10) 10 (11) 24 (10)
Service home with 24-h assistance 16 (10) 21 (24) 37 (15)
Hospital or other institution 5 (3) 1 (1) 6 (3) n.s.
Use of medicationa

None 14 (9) 3 (4) 17 (7)
1–4 different drugs 58 (37) 26 (29) 84 (34)
5 or more different drugs 84 (54) 60 (67) 144 (59) n.s.
Pre-fracture daily use

of calcium
Yes 55 (35) 38 (43) 93 (38)
No 87 (56) 31 (35) 118 (48)
Unknown 14 (9) 20 (22) 34 (14) χ2 = 13.42, d.f. = 2, p < 0.01
Pre-fracture daily use

of vitamin D
Yes 85 (55) 32 (36) 117 (48)
No 55 (35) 35 (39) 90 (37)
Unknown 16 (10) 22 (25) 38 (15) χ2 = 11.97, d.f. = 2, p < 0.01
Pre-fracture daily use of calcium

plus vitamin D
Yes 51 (33) 24 (27) 75 (31) n.s.
Pre-fracture use of

anti-osteoporotic drug
Yes 4 (3) 6 (7) 10 (4) n.s.
ASA class
ASA 1 4 (3) 0 4 (2)
ASA 2 21 (13) 8 (9) 29 (12)
ASA 3 96 (62) 50 (56) 146 (59)
ASA 4 35 (22) 31 (35) 66 (27) Wx= 2.095, p < 0.05
Previous fractures
None 97 (62) 50 (56) 147 (60)
1 fracture 41 (26) 27 (30) 68 (28)
Several fractures 11 (7) 12 (14) 23 (9)
Unknown 7 (5) 0 7 (3) n.s.
Type of fracture (ICD-10)
Femoral neck (S72.0) 96 (61) 47 (53) 143 (59)
Trochanteric (S72.1) 51 (33) 33 (37) 84 (34)
Subtrochanteric (S72.2) 9 (6) 9 (10) 18 (7) n.s.

a Only regular medication included (that is, calcium or vitamin D supplements or other vitamin supplements, eye
drops, or skin ointments excluded)
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25 kg/m2; 25–49 kg/m2; 50–74 kg/m2; 75–120 kg/m2; >
120 kg/m2) between the sexes (χ2 = 4.18, d.f. = 3, n.s.). The
average BMI was 24 kg/m2, and there were no differences in
the mean BMI between the sexes or the hospitals. There was
no association between the distributions of BMI classes and
vitamin D levels (χ2 = 1.16, d.f. = 3, n.s.).

Place of residence, time of year, and vitamin D

In the total data of the present study, there were no differences
in the vitamin D levels between places of residence (Table 4).
Amore detailed study of vitamin D levels at the patients’ place
of residence according to hospital revealed that there were
more patients with vitamin D concentration < 50 nmol/L in
hospital B among those patients who came from private
homes (20/56, 35.7%) than among corresponding patients in
hospital A (21/120, 18%) (Fisher’s exact = 0.006). In addition,
a non-significant trend towards hypovitaminosis D was noted
among hospital B patients coming from service homes with
24-h assistance (1/16, 6.2%) compared to the corresponding
patients in hospital A (7/21, 33%) (Fisher’s exact = 0.054). In
the previous study conducted 12 years ago [9], no differences

were found in the vitamin D levels between the places of
residence (Table 4).

No differences were found in the present study in patients’
S-25(OH)D concentrations between the late summer and early
fall months (August, September, October) and the late winter
months (January, February, March) (Wilcoxon = − 0.26, n.s.),
whereas in the previous study [9], patients’ S-25(OH)D con-
centrations were significantly lower in the winter months than
in the late summer months (p < 0.01) (Table 5).

Discussion

The main result of this study was that vitamin D levels among
hip fracture patients have improved remarkably over a 12-year
period. Our present results showed a significant increase in
S-25(OH)D levels among hip fracture patients in comparison
with the results of our previous study from 2003 to 2004
among the same target group and in the same hospitals [9].
From 2003 to 2004, the proportion of hip fracture patients
with a sufficient S-25(OH)D level (> 50 nmol/L) was 22.4%
[9], whereas in the present study, the corresponding figure was

Table 2 The most relevant basic
data on the 223 Caucasian hip
fracture patients according to
hospital in the previous study in
2003–2004 [9]

Hospital A

n (%)

Hospital B

n (%)

Total

n (%)

Statistic

Sex

Women 89 (74) 69 (67) 158 (71)

Men 31 (26) 34 (33) 65 (29)

Total 120 (100) 103 (100) 223 (100) n.s.

Mean age, years (SD)

Women 81.2 (10.0) 79.6 (10.5) 80.5 (10.2)

Men 74.4 (10.0) 71.5 (13.0) 72.9 (10.4) n.s.

Place of residence

Actual/private home 85 (71) 61 (60) 146 (66)

Residential home 14 (12) 22 (21) 36 (16)

Hospital or other institution 21 (17) 20 (19) 41 (18) n.s.

Pre-fracture daily use of calcium

Yes 23 (19) 21 (20) 44 (29)

No 93 (71) 80 (78) 169 (77)

Unknown 4 (5) 2 (2) 6 (3) n.s.

Pre-fracture daily use of vitamin D

Yes 23 (19) 11(10) 34 (15)

No 91 (71) 86 (84) 177 (78)

Unknown 4 (5) 6 (6) 12 (5) n.s.

Pre-fracture daily use of calcium plus vitamin D

Yes 13 (11) 8 (8) 21 (9) n.s.

Type of fracture (ICD-10)

Femoral neck (S72.0) 68 (57) 44 (43) 112 (50)

Trochanteric (S72.1) 44 (37) 47 (46) 91 (41)

Subtrochanteric (S72.2) 7 (6) 12 (12) 19 (9) n.s.
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77.5%. Thus, a significant reduction of patients with vitamin
D levels < 50 nmol/L was observed. Furthermore, 12 years
ago, only 3% of patients reached the optimal S-25(OH)D level
of 75 to 120 nmol/L [9], whereas the corresponding figure in
the present study was 40%.

However, regional differences were found in our
present results: more than one third of patients in the
hospital B region had an insufficient vitamin D level (<
50 nmol/L) compared to the figure of 15% in hospital
A. Also, the average S-25(OH)D level was lower in
hospital B than in hospital A. We do not know the
reason for this. The distance between the two hospitals
is approximately 70 km. The information on the impor-
tance of vitamin D for an individual’s health should
have been similar everywhere in the country.

Sufficient vitamin D intake is important for general health,
and low vitamin D status may increase the risk of contracting
many common chronic diseases. In northern latitudes, expo-
sure to UVB light is limited, and the formation of vitamin D in
the skin occurs during March and October only [13].
Interestingly, in the present study, vitamin D levels were even-
ly distributed regardless of the time of year. The situation was
quite the opposite in 2003–2004; during the winter months,
the corresponding levels were significantly lower than those in
the fall months [9]. The present findings indicate a regular
enhancement of vitamin D in its various forms among the
elderly population throughout the year.

Moreover, in our present study, as in the previous study [9],
the place of residence was not important regarding vitamin D
status. A study from Switzerland showed a severe vitamin D
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Fig. 1 Distribution of a total of
119 previous fractures among 71
women and 20 men

Table 3 S-25 (OH) D concentra-
tion (nmol/L) in the present study
(n = 245) and in the previous
study (n = 223) [9] according to
hospital

Present study (2015–2016) Previous study (2003–2004)2

Hospital A Hospital B1 Total Hospital A Hospital B Total

S-25 (OH)D n % n % n % n % n % n %

< 25 9 5.8 6 6.8 15 6.1 29 24.2 22 21.4 51 22.9

25–49 14 9.0 26 29.5 40 16.4 60 50 62 60.2 122 54.7

50–74 47 30.1 28 31.8 75 30.7 29 24.2 14 13.6 43 19.3

75–120 73 46.8 24 27.3 97 39.8 2 1.7 5 4.9 7 3.1

> 120 13 8.3 4 4.5 17 7.0 0 0 0 0 0 0

Total 156 100 88 100 244 100 120 100 103 100 223 100

1One sample missing; present study: Wilcoxon = − 3.712, p < 0.001
2Data re-analyzed in accordance with the prevailing S-25(OH)D classification; previous study:Wilcoxon = −
0.331, n.s
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deficiency in Swiss hip fracture patients (n = 222) [14].
Vitamin D deficiency below 30 nmol/L was present in
60% of patients, 80% were below 50 nmol/L, and only
4% reached a level of 75 nmol/L. The levels varied
according to place of residence: the mean S-25(OH)D
level was 34.6 nmol/L among hip fracture patients ad-
mitted from home, 27.7 nmol/L among those coming
from assisted living, and 24 nmol/L among nursing
home residents [14].

In a more recent study from Germany [15], vitamin D de-
ficiency was present in 87% of 209 patients with an acute
femoral neck fracture. The mean S-25(OH)D concentration
was 8.4 ng/mL (21 nmol/L). The 1-year mortality of patients
with severe (< 10 ng/mL, i.e., < 25 nmol/L) and mild (10–
20 ng/mL, i.e., 25–50 nmol/L) vitamin D deficiency was
29% and 13%, respectively, compared to 9% in patients with
≥ 20 ng/mL (≥ 50 nmol/L). Furthermore, pre-fracture vitamin
D deficiency was independently associated with post-
operative medical complications [15].

In our previous study [16], with a follow-up time of
11 years, hip fracture patients with a pre-fracture S-25(OH)D
concentration of ≥ 50 nmol/L had the highest survival at the
end of the follow-up. Survival rate was lowest during the
entire follow-up among those patients with a vitamin D level
of ≤ 25 nmol/L. Those who had a vitamin D level of 25–
49 nmol/L survived slightly better up to 7 years than those
with a level of ≥ 50 nmol/L [16].

Vitamin D deficiency has been the subject of discussion in
Finland over the last decade. Liquid dairy products and fat
spreads (not butter) were fortified with vitamin D in 2003
and 2010. According to recommendations, older people over
75 years of age, as well as younger people who spend little
time outdoors, should get up to 20 μg/day of vitamin D to
achieve 50 nmol/L serum concentration level [17]. In the 2–
74 years age group, the recommendation for vitamin D sup-
plementation is 10 μg/day, and 20 μg/day in the age group
from 75 years and above, if daily use of dairy products, fat
spreads, and/or fish is insufficient [18]. In the most recent

Table 4 S-25(OH)D concentration (nmol/L) among hip fracture patients in the present study (n = 2451) and in the previous study (n = 223) [9]
according to the place of residence

Present study (2015–2016) Previous study (2003–2004) [9]2

Actual
home

Residential
home

Residential home
(24-h staff)

Institution Total Actual
home

Residential
home

Institution Total

S-25(OH)D n % n % n % n % n % n % n % n % n %

< 25 13 7.5 1 4.2 1 2.7 0 0 15 6.1 33 22.6 8 22.2 10 24.4 51 22.8

25–49 27 15.5 4 16.7 7 18.9 2 22.2 40 16.4 79 54.1 20 55.6 23 56.1 122 54.7

50–74 55 31.6 7 29.2 12 32.4 1 11.1 75 30.7 29 19.9 6 16.6 8 19.5 43 19.3

75–120 66 37.9 11 45.8 15 40.5 5 55.5 97 39.8 5 3.4 2 5.6 0 0 7 3.1

> 120 13 7.5 1 4.2 2 5.4 1 11.1 17 7.0 0 0 0 0 0 0 0 0

Total 174 100 24 100 37 100 9 100 244 100 146 100 36 100 41 100 223 100

1One sample missing; present study: Kruskal-Wallis H = 1.039, d.f. = 3, n.s
2 Data re-analyzed in accordance with the prevailing S-25(OH)D classification; previous study:Kruskal-Wallis H = 0.465, d.f. = 2, n.s

Table 5 S-25(OH)D
concentration (nmol/L) in the
present study (n = 130) and in the
previous study (n = 128) [9]
according to the time of year

Present study (2015–2016) Previous study (2003–2004) [9]1

Winter
months

Summer
months

Total Winter
months

Summer
months

Total

S-25(OH)D n % n % n % n % n % n %

< 25 5 6.4 2 3.8 7 5.4 22 32.8 8 13.1 30 23.4

25–49 7 9.0 8 15.4 15 11.5 34 50.8 29 47.6 63 49.2

50–74 28 35.9 18 34.6 46 35.4 11 16.4 18 29.5 29 22.7

75–120 33 42.3 20 38.5 53 40.8 0 0 6 9.8 6 4.7

> 120 5 6.4 4 7.7 9 6.9 0 0 0 0 0 0

Total 78 100 52 100 130 100 67 100 61 100 128 100

Present study:Wilcoxon = − 0.261, n.s
1 Data re-analyzed in accordance with the prevailing S-25(OH)D classification; previous study: Wilcoxon =
3.266, p < 0.01
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Finnish National FINDIET 2012 Survey, vitamin D supple-
ments were used by 33% of working age men and 55% of
working age women, as well as 37% of older men and 60% of
older women up to 74 years of age [19]. Unfortunately, the
Finnish National FINDIET 2012 Survey did not include the
use of these supplements among people aged 75 years and
older.

According to Finnish Osteoporosis guidelines [20], the
S-25(OH)D level above 50 nmol/L has been stated as being
sufficient. Furthermore, patients with a S-25(OH)D level below
50 nmol/L suffer from hypovitaminosis D, and the target level of
vitamin D should be 75 to 120 nmol/L (optimal level) [20].
However, high S-25(OH)D concentrations may increase the odds
of elderly people falling. This was suggested in a recent study
[21] in which the increase in falls was found in the group with
S-25(OH)D concentrations of 44.7 to 98.9 ng/mL (i.e., 111 to
246 nmol/L) compared with the group with S-25(OH)D levels
of 21.3 to 30.3 ng/mL (i.e., 53 to 75 nmol/L). In the present data,
there were 17 patients (7%) with a S-25(OH)D level of ≥
120 nmol/L.

The present study indicates that vitamin D deficiency among
the elderly is not as common as it was in Finland 12 years ago.
This important finding is supported by a very recent prospective
study using nationally representative data on Finnish adults aged
≥ 30 years with an 11-year follow-up [22]. The mean S-25
(OH)D level among the ≥ 75-year-olds increased from
43 nmol/L in 2000 to 65.1 nmol/L in 2011, and the prevalence
of vitamin D deficiency decreased, correspondingly, from 65.5%
to 9.7% [22].

In a recent meta-analysis by Feng et al. [6] comprising 16
prospective cohort studies, the risk of total and hip fractures
was analyzed. The results showed that the low S-25(OH)D level
was significantly associated with the risk of total and hip frac-
tures. The low S-25(OH)D level varied between 15 and 21 ng/
mL (37.5–52.3 nmol/L). The risk of hip fractures increased by
40% for each SD decrease in S-25(OH)D level. However, the per
SD decrease in S-25(OH)Dwas not associatedwith the increased
risk of total fracture [6]. Moreover, a prospective study among
Japanese community-dwelling women with a 15-year follow-up
showed that low S-25(OH)D levels, especially < 20 ng/mL (<
50 nmol/L), were associated with elevated fracture risk [23].

According to a previous review [24], all-cause death rate,
cancer and cardiovascular diseases, multiple carcinomas, osteo-
porosis, bone fractures in elderly women, and other aging-related
diseases show a U-shaped dependency on S-25(OH)D concen-
tration. The optimal S-25(OH)D concentration appeared to be
40–80 nmol/L on the population level. Because vitamin D is a
hormone, like any other hormone, it is harmful in both too low
and too high concentrations [24].

Finally, vitamin D deficiency has been relatively well de-
fined in the literature. However, thus far, an upper Bsafe^
threshold for S-25(OH)D level has not been defined for which
a consensus has been reached.

The present study has both strengths and limitations. One of
the main strengths is the prospective design of the study.
Moreover, all S-25(OH)D concentrations were analyzed in
one and the same laboratory using the same method. Previous
fractures were identified in 37% of patients. According to our
previous study, hip fracture patients were good at recalling the
number of fractures, if any, they had previously sustained [9].
We subsequently confirmed the accuracy of the number of pre-
vious fractures in another study by checking the patients’med-
ical records manually [25]. The figures were similar: 34% [9]
and 35% [25]. We assume that the information on previous
fractures is also as accurate in the present study.

One limitation is the missing data. The study was planned
to include all consecutive patients with an acute hip fracture.
However, the drop-out figure was 44% in hospital A and
35.5% in hospital B. We know that only a small number of
patients did not wish to participate in the study. However, we
were actually surprised at how difficult it was to stimulate the
staff in the ERs of both hospitals to cooperate in the study. It
would appear that the busy timetable and occasional backlogs
in the ERs were the main reasons for drop outs.

However, the male to female ratio (30:70) and the
mean age of the patients (80 years) in the present data
were similar to the corresponding figures in the Finnish
National hip fracture register (32:68 and 79 years, re-
spectively) [26] Also, the distribution rate of fracture
types (femoral neck, trochanteric, and subtrochanteric
fractures) was similar to national rates [26]. Based on
these figures, there does not seem to be any systematic
bias in our data. Nonetheless, the potential influence of
the missing data on the results remains unclear.

In conclusion, the improved situation in vitamin D levels
among hip fracture patients is most probably due to the vita-
min D fortification of liquid dairy products and spreads in
Finland in 2003 and 2010. Furthermore, a great deal of infor-
mation has been published on the benefits of vitamin D sup-
plementation and on the measurement of vitamin D levels.
The Finnish Osteoporosis Association has been active in this
matter. The population of the present study area covers around
5.5% of the total Finnish population of 5.5 million. Our results
indicate that vitamin D supplementation has been widely in-
tegrated into our current practice. The improved serum 25-
hydroxyvitamin levels may partially explain the declining
trend in the incidence of hip fracture in Finland during the first
decade of the new millennium [27].
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