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Abstract
Summary The association between serum 25-hydroxyvitamin D level and post-fracture mortality indicates beneficial rela-
tively high serum 25-hydroxyvitamin D concentrations. A 1-year cohort study on 245 hip fracture patients in Finland indicated 
the lowest 3-year mortality and highest survival among patients with serum 25-hydroxyvitamin D level of 50–74 nmol/L.
Purpose To explore pre-fracture serum 25-hydroxyvitamin D level as a factor associated with post-fracture survival among 
a cohort of hip fracture patients in Finland.
Methods A prospectively collected cohort of hip fracture patients (n = 245, 70% women) from two hospitals was followed 
for 3.2 post-hip fracture years. Serum 25-hydroxyvitamin D was measured in admission to the hospital and classified: < 50, 
50–74, 75–99, and ≥ 100 nmol/L. Survival was analyzed with a Bayesian multivariate model. Relative survival was explored 
with the life table method according to serum 25-hydroxyvitamin D. Mortality according to serum 25-hydroxyvitamin D 
level and to the hospital was calculated.
Results Mortality in the patients with serum 25-hydroxyvitamin D level of 50–74 nmol/L was significantly lower than in all 
other patients together at every post-fracture year. The most important factors for survival were age under 85 years; living in 
an actual/private home; serum 25-hydroxyvitamin D level of 50–74 nmol/L, followed by 75–99 nmol/L; ASA classes 1–2 
and 3; and female sex. The mean age of patients with serum 25-hydroxyvitamin D level of 50–99 nmol/L was significantly 
higher than in other levels. Relative survival was highest in men, women, and patients in hospital B with serum 25-hydroxy-
vitamin D level of 50–74 nmol.
Conclusion The highest 3-year survival and the lowest mortality in this cohort appeared in patients with pre-fracture serum 
25-hydroxyvitamin D level of 50–74 nmol/L. This result differs from similar studies and is lower than the recommended 
level of 25-hydroxyvitamin D among hip fracture patients. The results should be examined in future research with larger data.
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Introduction

Nearly all patients with a low-energy hip fracture need oper-
ative treatment and have high postoperative morbidity and 
mortality. The mortality is elevated during the first post-
operative year, and it remains high for the following years 
[1]. Many studies reported that mortality among elderly hip 
fracture patients is higher than that of the age-adjusted gen-
eral population and also higher among men than women 
[2–4]. Post-hip-fracture mortality is 7–8% at 30 days [5, 6], 
14–34.8% at 1 year [7, 8], and 32–56% at 5 years [9, 10].

Some studies among older populations have shown that a 
low concentration of serum hydroxyvitamin D (S-25OHD) 
is associated with an increased risk of death from all causes. 
According to a European consortium of eight prospective 
studies, including seven general population cohorts, there 
was an association between low serum 25-hydroxyvitamin 
D level (< 50 nmol/L) and increased risk of all-cause mortal-
ity compared to persons with a level of 75–99 nmol/L [11].

A review of several studies showed that humans are 
vitamin D replete when their serum 25-hydroxyvitamin D 
levels are ≥ 50 nmol/L [12]. Recently, experts from differ-
ent specialties around the world published their consensus 
recommendations on the prevention and management of 
nutritional rickets in population [13]. They defined vita-
min D sufficiency as serum 25-hydroxyvitamin D levels 
above 50 nmol/L, insufficiency between 30 and 50 nmol/L, 
and deficiency below 30 nmol/L. According to the Insti-
tute of Medicine [14] and Endocrine Society [15] levels 
of ≥ 50 nmol/L can be achieved in nearly all adults by 
taking the daily allowance for vitamin D (600 IU/day for 
adults < 70 years old and 800 IU/day for adults ≥ 70 years 
old). In Nordic countries, including Finland, the present 
vitamin D recommendation for individuals < 75 years is 
600 IU/day and adults ≥ 75 years 800 IU/day [16].

Low vitamin D (< 50 nmol/L) at admission for hip frac-
ture increased the risk of delirium, new hip fracture, and 
medical readmission, but not surgical complications in 1122 
patients at Oslo University Hospital, Norway [17]. On the 
other hand, persons with higher levels (≥ 75 nmol/L) who 
had prior falls had no benefit in lower extremity function and 
were associated with an increased risk of falls [18].

In 2003 and 2004, we studied the serum 25-hydroxy-
vitamin D levels in 221 White Finnish-born patients with 
an acute low-energy hip fracture in two hospitals, respon-
sible for an area comprising a total of 300,000 inhabitants 
(5.7% of the Finnish population) in southeastern Finland 
[19]. The survival analysis of that data indicated excess 
mortality for at least 11 years after hip fracture, compared 
with the general population. Survival was highest among 
patients with a pre-fracture serum 25-hydroxyvitamin D 
level of ≥ 50 nmol/L [10].

In the present study, with the same setting as in the previ-
ous study [19], our aim was to explore the potential role of 
the pre-fracture vitamin D concentration as a factor associ-
ated with post-fracture survival among hip fracture patients 
and to compare the results with those found in our previous 
study [10]. In both the previous and present data, the serum 
25-hydroxyvitamin concentration was measured in admis-
sion to the hospital for hip fracture [19, 20].

The data in the present study were prospectively collected 
for 1 year, and the survival was followed for 38.5 months 
(3.2 years).

Patients and methods

In the primary study [20], we prospectively registered a total 
of 245 consecutive white native Finnish-born patients with 
an acute low-energy hip fracture at Päijät-Häme Central 
Hospital (hospital A) and North Kymi Hospital (hospital 
B), both located in southern Finland (61° N). High-energy 
and pathological hip fractures were excluded. The data were 
collected from 15 October 2015 to 15 October 2016 (1 year). 
In admission to the hospital, trained nurses collected the data 
on the pre-fracture use of vitamin D and calcium supple-
ments by asking each patient or his/her representative (rela-
tive or carer) whether he/she used calcium and/or vitamin 
D supplementation on a daily basis before the injury. The 
collection of the basic data on patients has been described 
previously [20].

Laboratory methods

Serum samples were collected after patients arrived at hospi-
tals due to the index fracture. The samples were centrifuged 
at 2000 g 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 ana-
lyzed in batches. Serum assays were performed in cobas 
8000 modular analyzer series (Roche Diagnostic GmbH, 
Mannheim, Germany). S-25OHD was measured using a 
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 meas-
urement range is 7.5–175 nmol/L, and the reference range 
is > 50 nmol/L. The method has been standardized against 
liquid chromatography-tandem mass spectrometry [21] 
which, in turn, has been standardized to the NIST standard 
[22]. At the normal range (mean 70.8 nmol/L), repeatabil-
ity and intermediate precision of the test are 3.9 and 6.5%, 
respectively. Cross-reactivity for 25-hydroxyvitamin  D3 is 
100% and for 25-hydroxyvitamin  D2, 92%. Cross-reactivity 
for 25-hydroxyvitamin  D3 is 100% both in the current assay 
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(Roche Diagnostics) and in the radioimmunoassay (IDS) 
used in the previous study [10] and for 25-hydroxyvitamin 
 D2, 92% and 75%, respectively. According to information 
provided by the manufacturers, there is no significant dif-
ference in cross-reactivity for 24,25-dihydroxyvitamin  D3, 
cholecalciferol  D3, and ergocalciferol  D2 between the assays.

For the present study, serum 25-hydroxyvitamin D levels 
were redistributed as follows: < 50 nmol/L, 50–74 nmol/L, 
75–99 nmol/L, and ≥ 100 nmol/L. The preoperative ASA 
physical grading score measuring patient’s preoperative 
health status and perioperative risk was determined for each 
patient by the attending anesthesiologist as follows: class 1, 
a normal healthy patient; class 2, a patient with mild sys-
temic disease; class 3, a patient with severe systemic disease; 
class 4, a patient with severe systemic disease that is a con-
stant threat to life; and class 5, a moribund patient who is not 
expected to survive without operation [23]. In the present 
study, ASA classes 1 and 2 were combined. There were no 
patients in ASA class 5.

Statistical methods

Differences between two groups were tested with chi-
squared (χ2) test, Fisher’s exact test, or Wilcoxon rank test 
and between three groups with the Kruskal–Wallis test. Dif-
ferences in mean values between groups were tested using a 
two-way analysis of variance (ANOVA).

Survival was analyzed with univariate and multivari-
ate analyses. In the univariate analysis, the odds ratios of 
survival were calculated for each class of the variable and 
compared with each other within the variable. Statistical 
dependency within each variable was analyzed using the 
chi-squared (χ2) test or Wilcoxon rank test.

Multivariate analysis was performed using an optimizing 
step-wise procedure based on the Bayesian approach [10]. 
The optimizing procedure has been developed mainly for 
categorized variables and does not need a perfect variable 
matrix. Following a heuristic approach, the procedure selects 
the combination of variables that best explains the selected 
outcome variable. The Bayesian approach is applied by cal-
culating posterior probability ratios for each combination. 
The aim is to find an optimal set of variables that provides a 
better explanation than all the variables together. The rela-
tionship between the true positives and true negatives was 
graphically described as a receiving operating characteris-
tic curve (ROC). The area under the curve (AUC) approxi-
mately describes the explanatory power of the model [24, 
25].

Survival compared to the reference population was ana-
lyzed using the life table method [26]. In this method, 
the observed survival rates of the study groups are com-
pared with survival rates based on sex- and age-specific 
life tables for the entire Finnish population of the same 

age and same time period (reference population). The cal-
culated survival of the reference population is 1.00. If the 
survival curve of the study group remains below the sur-
vival of the reference population, there is excess mortality 
in the group. We analyzed the relative survival accord-
ing to sex and to pre-fracture serum 25-hydroxyvitamin 
D level. Sub-analysis on the relative survival according 
to serum 25-hydroxyvitamin D was performed among 
patients in hospital B.

The dates of deaths were collected from the nationwide 
administrative register, the Causes-of-Death Register of 
Statistics Finland, using the unique personal identifica-
tion number of the patients. The last date of collection 
was October 15, 2019. The follow-up time of mortality 
was from October 15, 2015, to December 30, 2019. Thus, 
every patient was followed for 38.5 months (3.2 years). 
The first SARS-CoV-2 virus infection in Finland was 
reported on January 19, 2020.

The study protocol was approved by the Ethics Com-
mittee of Surgery at the Hospital District of Helsinki and 
Uusimaa in Finland. The work has been carried out in 
accordance with the Code of Ethics of the World Medi-
cal Association (Declaration of Helsinki) for experiments 
involving humans.

Results

In the primary study, a total of 245 patients (171 (70%) 
women and 74 (30%) men) with an acute hip fracture 
were enrolled: 156 in hospital A (68% women) and 89 
(73% women) in hospital B. The mean age of the patients 
at the time of index fracture was 80.3 (SD10.4), in women 
81.3 years (SD 9.5) and in men 78 years (SD 11.9) (n.s.) [20].

Of the index hip fractures, 59% were femoral neck frac-
tures, 34% trochanteric fractures, and 7% subtrochanteric 
fractures [20]. All patients were treated operatively accord-
ing to standard procedures: femoral neck fractures with 
screws or a dynamic hip screw, with hemiarthroplasty or 
total hip replacement; trochanteric fractures were treated 
with a dynamic hip screw or intramedullary nail; and subtro-
chanteric fractures were treated with an intramedullary nail.

There were no differences in the place of residence of the 
patients between the hospitals: 177 (72%) of the patients 
were living in actual/private home; 25 (10%) were living in a 
residential home; 37 (15%) were living in a residential home 
with 24 h assistance; and 6 (3%) were living in a hospital or 
other institution (n.s.) [20].

A slight difference was found in ASA classes between 
the hospitals (Table 1). There was no difference between 
sexes in the distribution of ASA classes 1–2, 3, and 4 
(Wx =  − 0.073, n.s.).
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Use of vitamin D and calcium supplements

Pre-fracture use of vitamin D and calcium supplements was 
available to all patients. There were no differences between 
the hospitals regarding the pre-fracture use of vitamin D in 
all patients or between the patients in different serum25-
hydroxyvitamin D levels, except for one group. In hospital 
A, none of the 23 patients in the level of < 50 nmol/L used 
vitamin D supplements before the fracture, whereas in hos-
pital B, the percent of users in the corresponding level was 
34.4% (11/32) (p < 0.001). Moreover, no differences were 
between the hospitals in the pre-fracture use of calcium 
in all patients or between the patients in different serum 
25-hydroxyvitamin D levels.

The use of vitamin D and calcium supplements at 
3 months post-fracture was available in hospital B only. 
The use of both supplements increased significantly in all 
patients and in most levels (Supplementary Table 1). The 
most frequent pre- and post-fracture doses of vitamin D 
supplement were 400 IU/day and 800 IU/day, and the cor-
responding dose of calcium supplement was 500 mg/day and 
1000 mg/day, respectively.

Serum 25‑hydroxyvitamin D level

The mean serum 25-hydroxyvitamin D level was higher in 
hospital A than in hospital B: 79.2 (SD 31.7) nmol/L vs. 
62.4 (SD 27.5) nmol/L, p < 0.001, respectively. The mean 
level in men was 67 (SD 31) nmol/L and in women 75.8 

(SD 31.1) nmol/L (p < 0.05) [20]. The range of levels was 
5–135 nmol/L in men and 5–170 nmol/L in women.

There were significant differences in the distribution of 
serum 25-hydroxyvitamin D levels between the hospitals. 
More patients in hospital B than in hospital A had a level 
below 50 nmol/L (Table 1). The highest concentration in 
women was in hospital A and in men in hospital B.

The mean age of patients according to serum 25-hydrox-
yvitamin D levels of < 50  nmol/L, 50–99  nmol/L, 
and ≥ 100 nmol/L was 76.7 (SD 11.7), 81.9 (SD 9.7), and 
79 (SD 9.6) years, respectively (F-test 5.93, df = 2; 238, 
p < 0.01). No difference in the distribution of the ASA 
classes 1–2, 3, and 4 was found between the corresponding 
three serum 25-hydroxyvitamin D levels (Kruskal–Wal-
lis = 5.18, df = 2, n.s.).

Mortality and survival

At the end of the follow-up period, 57.1% of the patients 
(140/245) were alive and 42.9% (105/245) were dead. Of 
the total population, 59.1% (101/171) of women and 47.3% 
(39/74) of men were alive. The mean age of female survivors 
was 77.8 years (SD 9.3 years) and that of male survivors 
74.3 (SD 12.4). Of those who did not survive, the mean age 
was in women 86.4 (SD 7.3) years and in men 82.1 (SD 9.8) 
years (F-test 6.37, df = 1; 240, p < 0.01). Overall, survivors 
were significantly younger than those who did not survive: 
mean ages 76.8 (SD 10.4) years vs. 84.9 (SD 8.4) years, 
respectively (F-test 44.00, df = 1; 240, p < 0.001).

Table 1  S-25OHD concentration (nmol/L) and cumulative mortality at 1, 2, 4, 12, 24, and 36 post-fracture months according to hospital

a One sample missing; Wx, Wilcoxon rank test; bFisher’s exact test

Hospital A (n = 156) Hospital  Ba (n = 88) Total (n = 244) Statistic
S-25OHD (nmol/L) n % n % n %

   < 50 23 14.7 32 36.4 55 22.5
  50–74.9 47 30.1 28 31.8 75 30.7
  75–99.9 48 30.8 21 23.9 69 28.3
   ≥ 100 38 24.4 7 8.0 45 18.4 Wx = 4.271, p < 0.0001

Hospital A (n = 156) Hospital B (n = 89) Total (n = 245)
ASA class n % n % n %

  1–2 25 16.0 8 8.9 33 13.5
  3 96 61.5 50 56.2 146 59.6
  4 35 22.4 31 34.9 66 26.9 Wx = 2.065, p < 0.05

Mortality(month) B/A,  pb

  1 8 5.1 10 11.2 18 7.3 0.068
  2 11 7.1 14 15.7 25 10.2 0.280
  4 15 9.6 16 18.0 31 12.7 0.045
  12 26 16.7 21 23.6 47 19.2 0.124
  24 36 23.1 27 30.3 63 25.7 0.136
  36 50 32.1 37 41.6 87 35.5 0.426
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Cumulative mortality rates according to hospital at 1, 2, 
4, 12, 24, and 36 months are shown in Table 1. One-year 
mortality was 19.2%: 16.7% in hospital A and 23.7% in hos-
pital B (n.s.). At 4 months, the mortality was significantly 
higher in hospital B.

The distribution of cumulative mortality according to 
serum 25-hydroxyvitamin D levels is shown in Table 2. 
Mortality in the level of 50–74 nmol/L was significantly 

lower than that of all other levels together at 12, 24, and 
36 months (Table 2).

In the univariate and multivariate analyses, the follow-
ing distribution of serum 25-hydroxyvitamin D levels was 
used: < 25, 25–49, 50–74, 75–99, and ≥ 100 nmol /L. The 
univariate analysis included the following variables: sex, 
age, serum 25-hydroxyvitamin D level, ASA class, place of 
residence, and type of fracture (Table 3).

Table 2  Cumulative mortality 
of 244 patients at 12, 24, and 
36 months according to serum 
25-hydroxyvitamin D level 
(nmol/L)

Kruskal–Wallis 1.809, df = 3, n.s.; aone sample missing; bFisher’s exact test

Group A Group B Group C Group D Total 
(n =  244a)

 B/(A+C+D)

< 50 nmol/L 
(n = 55)

50–74 nmol/L 
(n = 75)

75–99 nmol/L 
(n = 69)

 ≥ 100 nmol/L 
(n = 45)

Months n % n % n % n % n % pb

12 15 27.3 8 10.7 12 17.4 12 26.7 47 19.3 0.0155
24 21 38.2 12 16.0 16 23.2 14 31.1 63 25.8 0.0130
36 24 43.6 20 26.7 24 34.8 18 40.0 86 35.2 0.0412

Table 3  Univariate analysis of 6 
variables in relation to survival 
data (n = 245)a

χ2, chi-squared test; ASA, American Society of Anesthesiologists; df, degrees of freedom; OR, odds ratio; 
n.s., not significant; S-25OHD, serum 25-hydroxyvitamin D; Wx, Wilcoxon rank test
a All the classes of the variables are compared with each other within the variable; bn = 244

Variable Negative Positive Total OR 95% CI Statistic

Sex
  Male 39 35 74 1.30 0.75–2.24
  Female 101 70 171 0.77 0.45–1.34 χ2 = 0.85, df = 1, n.s

Age
   < 65 16 3 19 0.228 0.07–0.73

  65–74 33 10 43 0.341 0.16–0.71
  75–84 58 27 85 0.489 0.28–0.85

   ≥ 85 33 65 98 5.269 3.08–9.03 Wx = 5.71, p < 0.001
S-25OHD (nmol/L)b

   < 25 8 7 15 1.19 0.42–3.38
  25–49 18 22 40 1.82 0.92–3.59
  50–74 49 26 75 0.62 0.35–1.09
  75–99 49 29 69 0.98 0.59–1.63

   ≥ 100 25 20 45 1.10 0.57–2.09 Wx = 0.477, n.s
ASA class

  1–2 30 3 33 0.12 0.04–0.31
  3 86 60 146 0.84 0.50–1.40
  4 24 42 66 3.22 1.91–5.73 Wx = 4.47, p < 0.001

Place of residence
  Actual/privat home 117 60 177 0.26 0.15–0.47
  Residential home 9 16 25 2.62 1.13–6.05
  Residential home 24 h 12 25 37 3.33 1.63–6.93

Hospital 2 4 6 2.73 0.52–14.29 χ2 = 18.01, df = 3, p < 0.001
Type of fracture

  Femoral neck 78 65 143 1.29 0.77–2.17
  Trochanteric 51 33 84 0.80 0.47–1.37
  Subtrochanteric 11 7 18 0.84 0.31–2.23 χ2 = 0.95, df = 2, n.s
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In the multivariate analysis, the protective factors for 
survival, in order of importance, were age under 85 years; 
living in actual/private home; serum 25-hydroxyvitamin D 
level of 50–74 nmol/L, followed by 75–99 nmol/L; ASA 
classes 1–2 and 3; and female sex (Table 4). The model 
correctly predicted 75% of the cases. The sensitivity and 
specificity of the rule were 86% and 66%, respectively (Sup-
plementary Table 1). The kappa value was 0.50 (95% CI: 
0.40–0.61), i.e., moderate. The graphic description of the 
model (ROC) is shown in Supplementary Fig. 1.

Relative survival

The survival rates during the follow-up period varied accord-
ing to serum 25-hydroxyvitamin D level especially among 
men (n = 74) (Fig. 1). Men with a level of 50–74 nmol/L had 
the highest survival. Survival was second highest in men 
with a level of 75–99 nmol/L from 11 months onwards. Men 
with a serum 25-hydroxyvitamin D level of ≥ 100 nmol/L 
had the lowest survival, and the second lowest survival was 
among those with a level below 50 nmol/L (Fig. 1).

In women (n = 170), no respective variation was seen in 
the corresponding survival curves (Fig. 2). The survival was 
highest among women with serum 25-hydroxyvitamin D of 
50–74 nmol/L and second highest among those with a level 
of 75–99 nmol/L. The lowest survival was among women 
with a level below 50 nmol/L after 13 months (Fig. 2).

The survival according to serum 25-hydroxyvitamin D 
level in hospital B is presented in Supplementary Fig. 2. 
The highest survival was among patients with a serum 
25-hydroxyvitamin D level of 50–74 nmol/L and the lowest 
among patients with a level of ≥ 100 nmol/L (n = 7) (Sup-
plementary Fig. 2).

Discussion

In the present study, we analyzed the mortality and sur-
vival of 245 low-energy hip fracture patients. The 1-year 
mortality in the total data (19.2%) was lower than the 
global rate (22.8%) [8]. However, it was higher in hospital 
B than in hospital A (23.5% vs. 16.7%, respectively), and 
at 4 months, the difference was significant. Since 2006, 

Table 4  The most important 
factors (in italics) predicting 
survival selected out of six 
variables in 245 patients

ASA, American Society of Anesthesiologists; RR, risk ratio

RR limit False nega-
tive count

Sensitivity Specificity κ Added variable

0.49 40 61.9 76.4 0.387 Age (< 85 years)
0.76 25 76.2 68.6 0.438 Place of residence (actual/private home)
0.15 15 85.7 61.4 0.451 Serum 25-hydroxyvitamin D level 

(50–74 nmol/L and 75–99 nmol/L)
0.28 20 81.0 67.9 0.474 ASA class (1–3)
0.23 15 85.7 66.4 0.502 Sex (female)

18 82.9 57.1 0.484 Type of fracture

Fig. 1  Relative survival of men 
(n = 74) according to serum 
25-hydroxyvitamin D level dur-
ing the follow-up
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postoperative rehabilitation in hospital A has been central-
ized in a single rehabilitation ward with a multidiscipli-
nary rehabilitation team including a geriatrician, whereas 
in hospital B, the postoperative rehabilitation was distrib-
uted to general wards in local health center. A systematic 
review and meta-analysis indicated that in comparison to 
usual care, orthopedic geriatric rehabilitation programs 
improved patients’ functional status and decreased mor-
tality [27].

The combination of variables that best explained the 
survival at the end of follow-up was age under 85 years, 
living in an actual/private home, serum 25-hydroxyvitamin 
D level of 50–74 and 75–99 nmol/L, ASA classes 1–2 and 
3, and female sex. Interestingly, the mean age was highest 
among patients with serum 25-hydroxyvitamin D level of 
50–99 nmol/L, whose survival appeared the highest. The 
survival in relation to the reference population was highest 
among women and men with serum 25-hydroxyvitamin D 
level of 50–74 nmol/L during the entire follow-up. The high-
est relative survival in men with this level was seen quite 
soon after the index fracture and in women from 12 months 
onwards.

In our previous study in 2003–2004 among a corre-
sponding cohort of hip fracture patients (n = 221) with 
11-year follow-up, the protective factors for survival 
were age < 80 years; ASA classes 1–2; pre-fracture serum 
25-hydroxyvitamin level above 50 nmol/L; post-fracture use 
of prescribed calcium plus vitamin D; post-fracture concom-
itant use of prescribed calcium plus vitamin D and antiosteo-
porotic drugs; and male sex [10]. For the present study, the 
use of vitamin D and calcium could not be obtained from the 
national prescription register because currently, these sup-
plements are available over the counter in Finland. The reg-
ister contains data on all prescribed medications purchased 
in any pharmacy in Finland [28].

Furthermore, serum 25-hydroxyvitamin D in the previous 
study was categorized into three subgroups: < 25, 25–49, 
and ≥ 50 nmol/L. Only six patients (3%) achieved the level 
of ≥ 75 nmol/L. The highest survival at the end of follow-
up was among patients with a level above 50 nmol/L, fol-
lowed by those of 25–49 nmol/L. Survival was clearly lowest 
with a level below 25 nmol/L. After 7 years postoperatively, 
the excess mortality of patients with a level of ≥ 50 nmol/L 
ended, and the mortality rate remained steady during the 
following 4 years [10].

In the present study, in turn, the excess mortality of the 
patients on different serum 25-hydroxyvitamin D levels 
came to an end earlier: at 1 year among men with both a 
level of 74–99 nmol/L and < 50 nmol/L, whereas the sur-
vival of men with a level of 50–74 nmol/L was highest at 
up to 36 months. In women, the highest survival was in 
those with a level of 50–74 nmol/L, persisting for the entire 
follow-up and rising twice even higher than that of the refer-
ence population.

The vitamin D status of the Finnish adult population has 
substantially improved between the years 2000 and 2011 
with the mean serum 25-hydroxyvitamin D level increasing 
from 48 to 65 nmol/L [29]. Similarly, in 2003–2004, the 
mean levels among female and male hip fracture patients 
were 38.1 nmol/L (SD 15.8) and 37.0 nmol/L (SD 16.4), 
respectively [19], whereas, in the present data, the corre-
sponding mean values were remarkably improved: 75.8 (SD 
31.1) nmol/L among women and 67.0 (SD 31.0) nmol/L 
among men [20]. The increase is mainly explained by the 
systematic vitamin D fortification of food, which started in 
2003 in Finland, especially of fat spreads and fluid milk 
products that are widely used by the Finnish population, 
and by augmented use of vitamin D supplements [29]. The 
consumption of fluid milk products per person among Finns 
was highest in the world in 2015 [30].

Fig. 2  Relative survival of 
women (n = 170) according to 
serum 25-hydroxyvitamin D 
level during the follow-up
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In Denmark, serum 25-hydroxyvitamin D level of 
50–60 nmol/L was associated with the lowest mortality risk 
among the general population with nearly 250,000 subjects 
analyzed from the Copenhagen (55° N) general practice sec-
tor. Compared to 50 nmol/L, the hazard ratios of all-cause 
mortality at very low (10 nmol/L) and high (140 nmol/L) 
serum levels of 25-hydroxyvitamin D were 2.13 (2.02–2.24) 
and 1.42 (1.31–1.53), respectively. During the 3-year fol-
low-up, a reverse J-shaped association between serum 
25-hydroxyvitamin D level and mortality was observed [31].

A large European meta-analysis [11] of eight prospective 
studies (n = 26, 916, median age 61.6 years), with a median 
follow-up time of 10.5 years, showed that participants with 
a level of 75–99 nmol/L had the lowest all-cause mortal-
ity in comparison to patients with a level below 30 nmol/L, 
30–40 nmol/L, and 40–50 nmol/L. Thresholds of serum 
25-hydroxyvitamin D levels were defined according to the 
Institute of Medicine [14] and Endocrine Society [15] as fol-
lows: severely vitamin D deficient (< 30 nmol/L); inadequate 
(30–49 nmol/L); vitamin D sufficient (50–74 nmol/L); two 
ranges of vitamin D level that are sufficient but not con-
sistently associated with increased benefit (75–99 nmol/L 
and 100–124 nmol/L); and high vitamin D concentration 
(> 125 nmol/L) with a possible reason for concern. Low 
serum 25-hydroxyvitamin D levels (< 50 nmol/L) were 
significantly associated with all-cause and cardiovascular 
mortality. However, the risk of all-cause mortality in the 
level of 50–74 nmol/L was marginal: HR = 1.05 (96% CI: 
0.93–1.16); but the death risk from cardiovascular causes 
was obvious: HR = 1.35 (1.12–1.63). There was no signifi-
cantly increased mortality risk at high serum 25-hydroxyvi-
tamin D levels from 100 to125 nmol/L [11].

There are a limited number of reports in the literature on 
the association between vitamin D concentration and post-
fracture mortality among hip fracture patients. In Denmark, 
a study among 562 hip fracture patients and 21,778 controls 
showed no association between serum 25-hydroxyvitamin 
D and mortality [32]. Similarly, in a Korean study [33] on 
489 hip fracture patients, no relationship between serum 
25-hydroxyvitamin D levels and 1-year mortality after hip 
fracture was seen in multivariate analysis, although 89% of 
patients were vitamin D deficient (< 50 nmol/L) or insuf-
ficient (< 75 nmol/L) according to the definition of Holick 
[34]. However, the univariate analysis showed that mortality 
was associated with vitamin D deficiency (p = 0.012) [33].

In a German prospective study [35] among 209 elderly 
patients (mean age 81 years) with femoral neck fractures, 
vitamin D concentration was determined using Holick’s [34] 
definition. Vitamin D deficiency (< 75 nmol/L) was preva-
lent in 87% of patients. One year mortality was 29% and 
13%, respectively, in patients with severe (< 25 nmol/L) and 
moderate (25–50 nmol/L) vitamin D deficiency, compared 
to 9% in patients with serum 25-hydroxyvitamin D above 

50 nmol/L (p = 0.027). Multiple logistic regression analysis 
identified CRP but not serum 25-hydroxyvitamin D as an 
independent predictor of 1-year mortality. However, serum 
25-hydroxyvitamin D above 75 nmol/L was independently 
associated with postoperative medical complications [35].

In a very recent retrospective study from Singapore, 90% 
of 801 hip fracture patients (mean age 77.7 years) had a 
baseline serum 25-hydroxyvitamin D level of less than75 
nmol/L, and their 2-year mortality was 11.0% [36].

Post-fracture use of vitamin D and calcium supplements was 
not studied in the earlier referred studies among hip fracture 
patients, except for our previous study [10]. In addition, we stud-
ied the post-fracture use of these supplements among hip frac-
ture patients in a nationwide Finnish data set [37]. In both of the 
previous studies [10, 37], post-fracture use of vitamin D along 
with calcium improved the survival of hip fracture patients. In 
the present study, the information on the post-fracture use of 
vitamin D and calcium supplements was available only in hospi-
tal B, where the use of these supplements significantly increased 
in most serum 25-hydroxyvitamin levels after a fracture. The 
increased use may have benefitted mostly the patients with a 
serum 25-hydroxyvitamin level of 50–74 nmol/L. A similar 
improvement in survival was not seen among patients with other 
levels. Patients with levels of ≥ 100 nmol/L had the lowest sur-
vival. However, the number of patients was very small.

According to Finnish hip fracture guidelines [38], a mini-
mum of 400–800 IU per day vitamin D supplement post-
fracture and a minimum of 1000 to1500 mg/day calcium 
are recommended to all patients who have sustained a hip 
fracture. We assume that the guidelines have also been fol-
lowed for the patients from hospital A.

The present result on the lower threshold of serum 
25-hydroxyvitamin D (50 nmol/L) is in line with the rec-
ommendation of the Finnish Food Authority [39] and with 
the expert consensus recommendation published by Munns 
et al. [13]. However, the upper threshold for desirable level 
(99 nmol/L) is lower than that stated in the Finnish hip frac-
ture guidelines (75–120 nmol/L) [38].

Thus far, the upper safe threshold for serum 25-hydrox-
yvitamin D level has not been defined. The International 
Osteoporosis Foundation has defined the upper threshold 
of adequate level as 110 nmol/L [40]. In the present data, 
levels ≥ 100 nmol/L were no longer protective. An expert 
opinion has been presented that the minimum blood level of 
25-hydroxyvitamin D that would be optimal for fracture pre-
vention is 50–80 nmol/L, more specifically, 70–80 nmol/L 
[41]. Those levels are in line with our present results as opti-
mal levels among hip fracture patients.

The present result regarding 1-year mortality among 
patients with serum 25-hydroxyvitamin D level of 
50–74 nmol/L is in line with that of German patients [35] 
(11% vs. 9%, respectively). However, the corresponding 
mortality among patients with a level < 50 nmol/L was 
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lower in the present study (27% vs. 42%, respectively). 
Two-year mortality in the level less than 75 nmol/L was 
also slightly higher (13.5%) in the present study than was 
found in Singapore (11%) [36].

The classification of serum 25-hydroxyvitamin D levels 
and the survival results of the present study are closest to 
those reported by Gaksch et al. [11] among the general 
population with remarkably larger data than in the present 
study. In their study, a level of 50–74 nmol/L was defined 
as sufficient. In their meta-analysis, the lowest all-cause 
mortality was among those with a level of 75–99 nmol/L, 
although the mortality risk in the level of 50–74 nmol/L 
was also close to that rate but not significantly. Contrary to 
our results, high serum 25-hydroxyvitamin D levels from 
100 to 125 nmol/L did not increase mortality risk [11]. 
Moreover, in the Danish general population [30], an opti-
mal level of 60–80 nmol/L, indicating the highest 3-year 
survival, is parallel to our findings.

In the present study, the desirable serum 25-hydroxy-
vitamin D level of 50–74 nmol/L for highest survival and 
lowest mortality in the present hip fracture cohort during 
the follow-up time was confirmed in all performed analy-
ses. Interestingly, in our very recent study [42] among 525 
patients with low-energy fractures, serum 25-hydroxyvi-
tamin D levels of 50–74 nmol/L and 75–119 nmol/L, in 
order of importance, were associated with the highest sur-
vival with a minimum follow-up of 3.5 years.

The follow-up time of the present study was up to 
December 30, 2019, and the first SARS-CoV-2 virus infec-
tion was reported on January 19, 2020, in Lapland, North-
ern Finland. The first death due to the SARS-CoV-2 virus 
in Finland was on March 20, 2020. Therefore, the pandemic 
did not have any effect on the patients of the present study.

The strength of the present study is the prospective 
design. Moreover, all serum 25-hydroxyvitamin D concen-
trations were analyzed in the same laboratory using the same 
method standardized to the NIST standard. The survival of 
all patients was followed for 3.2 years. Only native-born 
Finns were included in our data, and no other ethnic groups 
were represented. The foreign-born population in Finland is 
small (6%), and less than 3% of foreign-born persons lived 
in the study area in 2015 (Statistics Finland). The popula-
tion ≥ 50 years of age in the present study represents 6% of 
the similar Finnish population (Statistics Finland), and the 
number of hip fractures in the present data composes 4% 
of all acute hip fractures in Finland in the study year [43].

The present study has several limitations. Information 
on the length of hospital stay after hip fracture, complica-
tions, comorbidities, or causes of death was not available in 
the present cohort of patients. Unlike in our previous stud-
ies [10, 37], the use of the supplements could no longer be 
obtained from the national prescription register, which is a 
regrettable limitation.

Pre-fracture use of vitamin D and calcium supplements was 
manually collected in admission by the staff in both hospitals, 
and post-fracture use of these supplements was obtained from 
patients’ medical drug records. Unfortunately, post-fracture 
use of vitamin D and calcium supplements was only available 
in hospital B. In hospital A, access to the electronic patient 
records at 3 months post-fracture was not possible due to dif-
ferent electronic systems in the further rehabilitation units 
where the patients were situated at that time. Thus, we per-
formed a sub-analysis on relative survival according to serum 
25-hydroxyvitamin D level only among hospital B patients.

We cannot state that the hospital B patients continuously 
used these supplements until the end of the follow-up as we 
have this information only at 3 months postoperatively. Nor 
was it possible to examine the serum 25-hydroxyvitamin 
D levels during the follow-up because this would require 
excessive financial resources.

Because of the limitations and the relatively small data, 
the results cannot be generalized, and they should be stud-
ied in larger data. The results may be directional, and they 
should be confirmed in further research.

Conclusion

In the present hip fracture cohort, pre-fracture serum 
25-hydroxyvitamin D level for the highest 3-year survival 
and lowest mortality appeared to be 50–74 nmol/L. This 
result differs from results in similar studies and is lower than 
the currently recommended level of serum 25-hydroxyvita-
min D among hip fracture patients. To confirm the result, 
the study should be examined in future research with larger 
data. The present study represents a time period before the 
SARS-CoV-2 pandemic in Finland.
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