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Abstract
Hypovitaminosis D and K due to malnutrition or sun-
light deprivation, increased bone resorption due to im-
mobilization, low bone mineral density (BMD) and an 
increased risk of falls may contribute to an increased 
risk of hip fractures in patients with Parkinson’s disease. 
The purpose of the present study was to clarify the ef-
ficacy of interventions intended to prevent hip fractures 
in elderly patients with Parkinson’s disease. PubMed 
was used to search the literature for randomized con-
trolled trials (RCTs) regarding Parkinson’s disease and 
hip fractures. The inclusion criteria were 50 or more 
subjects per group and a study period of 1 year or lon-
ger. Five RCTs were identified and the relative risk and 
95% confidence interval were calculated for individual 
RCTs. Sunlight exposure increased serum hydroxyvita-
min D [25(OH)D] concentration, improved motor func-
tion, decreased bone resorption and increased BMD. 
Alendronate or risedronate with vitamin D supple-
mentation increased serum 25(OH)D concentration, 
strongly decreased bone resorption and increased BMD. 

Menatetrenone (vitamin K2) decreased serum undercar-
boxylated osteocalcin concentration, decreased bone 
resorption and increased BMD. Sunlight exposure (men 
and women), menatetrenone (women), alendronate 
and risedronate with vitamin D supplementation (wom-
en) significantly reduced the incidence of hip fractures. 
The respective RRs (95% confidence intervals) accord-
ing to the intention-to-treat analysis were 0.27 (0.08, 
0.96), 0.13 (0.02, 0.97), 0.29 (0.10, 0.85) and 0.20 
(0.06, 0.68). Interventions, including sunlight exposure, 
menatetrenone and oral bisphosphonates with vitamin 
D supplementation, have a protective effect against hip 
fractures elderly patients with Parkinson’s disease.
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INTRODUCTION
Parkinson’s disease is a movement disorder characterized 
by tremor, rigidity, akinesia and loss of  postural reflexes, 
leading to immobility and frequent falls[1,2]. Evidence has 
indicated a high incidence of  hip fractures in patients 
with Parkinson’s disease, with falls being a major cause[3-5]. 
This is especially true in elderly women and the odds 
ratio of  hip fractures in elderly women is reported to be 
9.4[5,6]. Hip fractures are associated with higher medical 
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costs[7]. Functional recovery after hip fractures in patients 
with osteoporosis is poor[8-10] and elderly patients have 
increased mortality after hip fractures[11]. Thus, strategies 
protecting against hip fractures should be established in 
elderly patients with Parkinson’s disease.

Hypovitaminosis D and K due to malnutrition or 
sunlight deprivation, increased bone resorption due to 
immobilization, low bone mineral density (BMD) and 
an increased risk of  falls may increase the risk of  hip 
fractures in elderly patients with Parkinson’s disease[12-16]. 
Hypovitaminosis D is known to increase the risk of  falls 
in the elderly[17-19]. An immobilization-induced increase in 
bone resorption causes hypercalcemia, which may inhibit 
the compensatory hyperparathyroidism that otherwise 
could occur in response to hypovitaminosis D. Sunlight 
exposure, vitamin D and K supplementation, and potent 
anti-resorptive drugs are considered to be effective strate-
gies to prevent hip fractures. Recent evidence has shown 
the efficacy of  interventions protective against hip frac-
tures in elderly patients with Parkinson’s disease[12-16]. The 
purpose of  the present study was to clarify the efficacy 
of  these interventions in elderly patients with Parkinson’s 
disease by reviewing the literature to date.

LITERATURE SEARCH
PubMed was used to search the literature for randomized 
controlled trials (RCTs) of  interventions affecting the inci-
dence of  hip fractures in patients with Parkinson’s disease. 
The following terms were used: Parkinson’s disease and 
fracture. The inclusion criteria were 50 or more subjects 
per group and a study period of  1 year or longer. Non-
English papers were excluded. 

RCTs showing efficacy of  interventions against hip 
fractures were identified and the efficacy of  interventions 
against hip fractures was analyzed using the data from the 
RCTs. The relative risk (RR) and 95% confidence interval 
(CI) were calculated for individual trials. The statistical 
analyses were performed using PC SAS v8.2.

IDENTIFIED RANDOMIZED CONTROLLED 
TRIALS
Five RCTs were found dealing with Parkinson’s disease 
and hip fractures[12-16]. Table 1 shows the details of  the 
identified RCTs: one RCT for sunlight exposure, one 
RCT for menatetrenone (vitamin K2), one RCT for 
alendronate and two RCTs for risedronate. All of  the 
RCTs were performed in Japan. The mean ages of  the 
subjects were 71.3-75.4 years, reflecting studies in the 
elderly population. The mean durations of  their illness 
(Parkinson’s disease) were 4.1-5.1 years. The studies 
lasted for 1-2 years. Patients were exposed to sunlight 
on 452 clear weather days (3231 min/year) during the 
2 year study period. The doses of  menatetrenone (45 
mg/d), alendronate (5 mg/d) and risedronate (2.5 mg/d 
or 17.5 mg/wk) used in the RCTs were approved by the 

Health, Labor and Welfare Ministry of  Japan. Calcium 
supplementation was not provided in any RCT because 
such a therapy could aggravate immobilization-induced 
hypercalcemia and decrease renal synthesis of  1,25 dihy-
droxyvitamin D [1,25(OH)2D]. Vitamin D (ergocalcif-
erol 1000 IU/d) supplementation was provided in three 
RCTs for alendronate and risedronate (potent anti-re-
sorptive drugs). During the trials, 4.3%-9.7% of  patients 
were dropped because of  death or intercurrent illness, 
noncompliance or loss to follow-up. No severe adverse 
events were observed.

EFFICACY OF SUNLIGHT EXPOSURE 
AGAINST HIP FRACTURES
Study subjects were men and women. Serum 25(OH)D 
concentration, muscle strength, motor function and meta-
carpal BMD increased in the sunlight exposure group 
and decreased in the usual lifestyle group[12]. Urinary de-
oxypyridinoline concentration decreased in the sunlight 
exposure group and increased in the usual lifestyle group. 
Respective changes in serum 25(OH)D concentration 
were +92.6% and -51.9%. Respective percentage changes 
in metacarpal BMD were +3.8% and -2.6%. The RR (95% 
CI) for hip fractures in the sunlight exposure group com-
pared with the usual lifestyle group was 0.27 (0.08, 0.95) 
for the intent-to-treat (ITT) set and 0.27 (0.08, 0.95) for 
the per protocol set (PPS) (Table 2), suggesting a signifi-
cant reduction in the risk of  hip fractures after sunlight 
exposure therapy.

EFFICACY OF MENATETRENONE 
AGAINST HIP FRACTURES
Study subjects were women. Serum vitamin K2 concentra-
tion increased and serum undercarboxylated osteocalcin 
(ucOC) decreased in the menatetrenone group compared 
with the non-treatment group[13]. Respective changes 
in serum vitamin K2 concentration were +259.8% and 
-1.8%. Respective changes in serum ucOC concentration 
were -46.7% and +3.3%. Urinary deoxypyridinoline and 
serum ionized calcium concentrations decreased, intact 
PTH concentrations increased and metacarpal BMD in-
creased in the menatetrenone group compared with the 
non-treatment group. Respective percentage changes in 
metacarpal BMD were +0.9% and -4.3%. The RR (95% 
CI) of  hip fractures after menatetrenone treatment com-
pared with non-treatment was 0.13 (0.02, 0.97) for the 
ITT set and 0.12 (0.02, 0.93) for the PPS (Table 2), sug-
gesting a significant reduction in the risk for hip fractures 
after menatetrenone therapy.

EFFICACY OF ALENDRONATE AGAINST 
HIP FRACTURES
Study subjects were women. Serum 25(OH)D concentra-
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tion increased, urinary deoxypyridinoline and serum ion-
ized calcium concentrations decreased, and metacarpal 
BMD increased in the alendronate + vitamin D supple-
mentation group[14]. Serum 25(OH)D, urinary deoxy-
pyridinoline and serum ionized calcium concentrations 
increased, and metacarpal BMD decreased in the placebo 
+ vitamin D supplementation group. Respective changes 
in serum 25(OH)D concentration were +209.8% and 
+209.5%. Respective changes in urinary deoxypyridino-
line concentration were -38.1% and +14.0%. Respective 
percentage changes in metacarpal BMD were +3.1% and 
-2.8%. The RR (95% CI) of  hip fractures after alendro-
nate compared with placebo was 0.29 (0.10, 0.85) for the 
ITT set and 0.28 (0.10, 0.83) for the PPS (Table 2), sug-
gesting a significant reduction in the risk of  hip fractures 
after alendronate therapy with vitamin D supplementa-
tion.

EFFICACY OF RISEDRONATE AGAINST 
HIP FRACTURES
Study subjects were men for the daily risedronate st
udy and women for the weekly risedronate study[15,16]. 
Changes in serum 25(OH)D, urinary deoxypyridinoline, 
serum ionized calcium concentrations and metacarpal 
BMD in the two studies of  daily and weekly risedronate 
+ vitamin D supplementation (compared with placebo 
+ vitamin D supplementation) were similar to those in 
the study of  alendronate + vitamin D supplementation 

(compared with placebo + vitamin D supplementation) 
shown above. Respective changes in serum 25(OH)D 
concentration were +198.4% to +211.1% and +185.2% 
to +198.4%. Respective changes in urinary deoxypyridin-
oline concentration were -48.2% to -50.4% and +18.3% 
to +19.2%. Respective percentage changes in metacarpal 
BMD were +2.2% to +3.4% and -2.9% to -3.2%. The 
RR (95% CI) of  hip fractures after daily risedronate 
compared with placebo in men was 0.33 (0.09, 1.20) for 
the ITT set and 0.34 (0.09, 1.21) for the PPS (Table 2). 
The RR (95% CI) of  hip fractures after daily risedronate 
compared with placebo in women was 0.20 (0.06, 0.68) 
for the ITT set and 0.20 (0.06, 0.66) for the PPS (Table 2). 
These results suggested a significant reduction in the risk 
for hip fractures after risedronate therapy with vitamin 
D supplementation in elderly women with Parkinson’s 
disease.

DISCUSSION
The present study clarified the efficacy of  interven-
tions (including sunlight exposure, menatetrenone and 
oral bisphosphonates with vitamin D supplementation) 
protecting against hip fractures in elderly patients with 
Parkinson’s disease. Because hypovitaminosis D and K, 
increased bone resorption, low BMD and an increased 
risk of  falls contribute to the risk for hip fractures in 
elderly patients with Parkinson’s disease[12-16], these three 
interventions were suggested to be reasonable and effec-
tive for the management of  bone health.

BMD, thickness, porosity and mean degree of  min-
eralization in cortical bone may be important factors 
in determining the fracture risk at sites primarily com-
posed of  cortical bone such as the proximal femur in 
postmenopausal women with osteoporosis[20,21]. Because 
most hip fractures occur due to falls, motor function may 
also be an important factor in the risk of  hip fractures. 
Serum 25(OH)D is derived from both dietary intake and 
sunlight-induced production by the skin[22,23]. The as-
sociations of  hypovitaminosis D and vitamin D supple-
mentation with the risk of  falls have been confirmed in 
elderly persons[17-19]. Sunlight exposure improves hypovi-
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Table 2  Efficacy of interventions against hip fractures in 
patients with Parkinson’s disease

Interventions Relative risk (95% confidence interval)

ITT set PPS

Sunlight exposure[12] 0.27 (0.08, 0.96) 0.27 (0.08, 0.95)
Menatetrenone[13] 0.13 (0.02, 0.97) 0.12 (0.02, 0.93)
Alendronate (Daily)[14] 0.29 (0.10, 0.85) 0.28 (0.10, 0.83)
Risedronate (Daily)[15] 0.33 (0.09, 1.20) 0.34 (0.09, 1.21)
Risedronate (Weekly)[16] 0.20 (0.06, 0.68) 0.20 (0.06, 0.66)

ITT: Intention-to-treat, PPS: Per-protocol set.

Table 1  Identified randomized controlled trials of efficacy of interventions against hip fractures in patients with Parkinson’s disease

Number of study subjects

Interventions Groups Randomized Dropped out Completed Average 
age (yr)

Average duration of 
illness (yr)

Vitamin D 
supplementation

Study period 
(yr)

Sunlight exposure[12] Sunlight exposure 162   6 156 75.4 4.2 None 2 
(men/women) Usual lifestyle 162   8 154 75.2 4.1 
menatetrenone[13] Menatetrenone   60   4   56 72.3 4.8 None 1 
(women) Non-treatment   60   6   54 71.6 4.9 
Daily alendronate[14] Alendronate 144 13 131 72.2 5.1 Ergocalciferol (1000 IU/d) 2 
(women) Placebo 144 15 129 72.2 5.1 
Daily risedronate[15] Risedronate 121 10 111 71.3 4.9 Ergocalciferol (1000 IU/d) 2 
(men) Placebo 121   9 112 71.3 4.9 
Weekly risedronate[16] Risedronate 136 10 126 74.4 4.8 Ergocalciferol (1000 IU/d) 2 
(women) Placebo 136 12 124 74.4 4.9 
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taminosis D, leading to increases in muscle strength and 
motor function in men and women. A decrease in bone 
resorption induces an increase in cortical BMD. It is doc-
umented that cortical BMD correlates positively with se-
rum 25(OH)D concentration, particularly in the subjects 
with vitamin D insufficiency[24]. Thus, improvements of  
muscle strength, motor function and cortical BMD might 
partly contribute to the prevention of  hip fractures. Sun-
light exposure appears to help prevent hip fractures in 
patients with Parkinson’s disease and hypovitaminosis D 
due to malnutrition and sunlight deprivation.

Vitamin K deficiency, as indicated by a high serum 
ucOC concentration, and low BMD may independently 
contribute to the risk for hip fractures in elderly per-
sons[25-27]. Menatetrenone improved hypovitaminosis K, 
decreased serum ucOC concentration, improved hyper-
calcemia and increased cortical BMD by decreasing bone 
resorption in women. Experimental studies showed the 
anti-resorptive effect of  menatetrenone in various osteo-
porosis model animals[28,29]. A recent report showed that 
menatetrenone maintains bone strength of  the femoral 
neck by improving femoral neck width and maintaining 
the indices of  compression, bending and impact strength 
in healthy postmenopausal women[30]. Thus, improve-
ments of  cortical BMD, serum ucOC concentration and 
possibly bone geometry of  the proximal femur might 
have partly contributed to the prevention of  hip frac-
tures. Menatetrenone appeared to be effective in prevent-
ing hip fractures in patients with Parkinson’s disease and 
hypovitaminosis K. However, the magnitude of  hip frac-
ture risk reduction was quite high, probably because of  
the bias introduced by the use of  a small sample size and 
the low intake of  natto (fermented soy bean), in terms of  
severe vitamin K deficiency in the recruited subjects[31].

Alendronate or risedronate with vitamin D supple-
mentation improved hypovitaminosis D, strongly de-
creased bone resorption, improved hypercalcemia and in-
creased cortical BMD in men or women. Alendronate has 
been reported to strongly suppress bone resorption and 
improve femoral neck BMD, cortical thickness, cortical 
porosity and mean degree of  mineralization of  bone and 
thereby to prevent hip fractures in postmenopausal wom-
en with osteoporosis[20,21]. The greater the suppression of  
bone turnover and subsequent increase in BMD are, the 
better the drugs are at preventing nonvertebral fractures, 
including hip fractures[32]. Thus, improvements in the 
above parameters resulting from strong suppression of  
bone resorption[21] and a decrease in the risk of  falls by 
vitamin D supplementation[17-19] may partly contribute to 
the prevention of  hip fractures in women. Alendronate 
or risedronate and vitamin D supplementation appear to 
be quite effective for preventing hip fractures in women 
with Parkinson’s disease and hypovitaminosis D, as well 
as increased bone resorption. However, risedronate and 
vitamin D supplementation did not significantly reduce 
the incidence of  hip fractures in men, probably because 
of  less than adequate statistical power due to the lower 
incidence of  hip fractures in men (7.4% in the placebo 

+ vitamin D supplementation group) compared with 
women (11.0% in the placebo + vitamin D supplementa-
tion group).

During the trials, 4.3-9.7% of  patients were dropped 
because of  death or intercurrent illness, noncompliance 
or loss to follow-up. However, no severe adverse events 
were observed, suggesting the safety of  all interventions 
(sunlight exposure and pharmacotherapy such as mena-
tetrenone and oral bisphosphonates) in elderly patients 
with Parkinson’s disease.

Because patients with Parkinson’s disease are prone to 
falls, not only sunlight exposure or vitamin D supplemen-
tation, but also hip protectors and exercise aiming at the 
prevention of  falls may help reduce the incidence of  hip 
fractures. However, exercise therapy may be difficult for 
patients with very advanced Parkinson’s disease. Further 
studies are needed to confirm this suggestion.

CONCLUSION 
The present study clarified the efficacy of  three interven-
tions, including sunlight exposure (men and women), 
menatetrenone (women) and oral bisphosphonates with 
vitamin D supplementation (women), protective against 
hip fractures in patients with Parkinson’s disease. The risk 
of  hip fractures was reduced 73% by sunlight exposure, 
87% by menatetrenone treatment and 71-80% by oral 
bisphosphonate treatment. The efficacy of  exercise and 
hip protectors remains to be established. These interven-
tions might be difficult to perform but may help reduce 
the incidence of  falls and possibility of  hip fractures.
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