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Abstract: There has been a limited evaluation of the efficacy of administered vitamin-D3 and bisphosphonate in a single pill 

(once-weekly) on changes of Bone Mineral Density (BMD), speciality in elderly people. To evaluate the changes in BMD, 

using Risedronate and vitamin D3, in patients from the first level of primary care after a period of more than 2 years of follow-

up. An observational and retrospective cohort study, in a non-controlled, real-life setting nested to a database was designed. 

Records of participants between March-04-2008 and June-27-2012. Mexican patients from 21 Clinics of Family Medicine. The 

database is characterized by all patients received Risedronate (35 mg) and vitamin-D3 (2800 IU) combined in a single pill, 

administered once-weekly. BMD was determined in the distal portion of the radius bone using an Omnisense-7000S bone 

densitometer. The Kaplan-Meier method was used to estimate cumulative probabilities. Hazard ratios (HRs) were estimated 

using Cox-proportional hazard-models. A total of 14,721 women were included. The mean time of treatment was 27.06 months 

(interquartile-range=26.00-29.00); the crude HR in patients with osteoporosis was 2.483 (95%CI 1.806-3.414) times higher 

than their counterparts with osteopenia. In relation to age, the increase in BMD was 26% higher (HR=0.739; 95%CI 0.712-

0.766) in patients with 60 or more age than their counterparts aged ≤59 years. The duration of treatment with 

risedronate/vitamin D3 once-weekly depends on the target population and need strict monitoring of BMD particularly for those 

patients who have a treatment for more of 18 months due to the risk of decreased BMD. 

Keywords: Risedronate (35 mg) and Vitamin D3 (2800 IU), Retrospective Cohort Study, Bone Mineral Density,  

Cox Proportional Hazard Models 

 

1. Introduction 

Osteoporosis is considered a public health problem 

worldwide (affecting approximately 200 million people 

according to the International Osteoporosis Foundation [1])
 

that predisposes affected individuals to fractures [1, 2]. 

Osteoporotic fractures also represent an important public 

health problem due to the social and financial impacts that 

are generated. Annually, osteoporosis leads to more than 8.9 

million fractures, of which over 4.5 million occur in Europe 

and North America [2]. Moreover, the prevalence of 

osteoporosis increases with age, affecting up to 80% of 

women over 80 years of age [3]. Several studies have shown 

that bisphosphonates are safe and effective for the treatment 

and prevention of postmenopausal osteoporosis and 

osteoporosis induced by glucocorticoid agents [4-18].
 
These 
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drugs are the first-line agents for the medical treatment of 

osteoporosis around the world [19-21]. It is well established 

that Risedronate (5 mg) compared to placebo reduces the risk 

of vertebral and non-vertebral bone fractures (by 33 to 65%) 

[6, 7], and a dose of 5 mg is recommended in 

postmenopausal women every 24 hours for 2 or 3 years. This 

reduces bone turnover [4-6] and increases bone mass in the 

lumbar spine, femoral neck, femoral trochanter, proximal 

femur, total hip and diaphysis of the radius [6, 9, 10, 12, 13]. 

On the other hand, the use of Risedronate at a dose of 35 mg 

once-weekly provides the same efficacy and safety [13] and 

in combination with vitamin D3 (2800 UI), increases bone 

mineral density (BMD) in the diaphysis of the radius in 

postmenopausal women. The response is best observed in 

women with osteoporosis and obesity [22]. The aim of this 

study was to evaluate the changes in BMD, in the diaphysis 

of the radius, using Risedronate and vitamin D3 (35 mg/2800 

IU) combined in a single pill (once-weekly), in patients (from 

the first level of primary care) with osteopenia and 

osteoporosis after a period of more than 2 years of follow-up. 

2. Material and Methods 

2.1. Study Design, Patient Enrolment and Ethical 

Considerations 

We conducted an observational and retrospective cohort 

study in Mexican patients from ISSSTE (Instituto de 

Seguridad y Servicios Sociales de los Trabajadores del 

Estado) in a non-controlled, real life setting nested to a 

database. This database is characterized by having socio-

demographic information of patients and records of BMD 

since baseline to several periods of time after the 

administration of risedronate and vitamin D3 (single pill) 

once-weekly. Diagnosis of osteoporosis and osteopenia was 

based on BMD measurements specified in the WHO Report, 

Brussels, Belgium, May 5–7, 2004 [2]. A total of 66,398 

records of subjects (aged 21 to 106 years) were included. All 

patients were detected and monitored through outpatient 

family medicine consultations between March 04, 2008 and 

June 27, 2012 (women= 66,386; 99.98%, 95% confidence 

interval [CI] 100.0–100.0; and men= 12; 0.02% 95% CI 0.0–

0.0). Of this total population (n= 66,398), 12,901 (19.4%; 

95% CI 19.1–19.7), and 47,344 (71.3%; 95% CI 71.0–71.6) 

individuals were diagnosed with osteopenia and osteoporosis, 

respectively. After clinical diagnosis but lacking a 

subsequent measure of the BMD, a total of 40,780 patients 

were excluded. A total of 25,618 (aged 24 to 102 years) 

patients were analysed to determine the period of follow-up 

of treatment (women= 25,615; 99.99%, 95% CI 100.0–100.0 

versus men= 3; 0.01%, 95% CI 0.0–0.0). After analyses of 

the follow-up period, only 14,721 records had information 

about the duration of follow-up time. Therefore, we only 

analysed information from this group of participants. The 

study was conducted in accordance with Good Clinical 

Practices covered by Mexican law and the Declaration of 

Helsinki. Identification numbers were assigned to maintain 

the anonymity of the patients. 

2.2. Bone Mineral Density Measurements and Operational 

Definitions 

The WHO recognises bone densitometry as the reference 

method for the diagnosis of osteoporosis in postmenopausal 

women;[2] therefore, BMD was performed using the 

Omnisense 7000S device (Sunlight, Germany) according to 

the manufacturer's recommendations (Sunlight Medical, Ltd., 

Model: Sunlight Omnisense
TM

 7000S). A baseline BMD was 

determined in the distal portion of the radius bone using an 

Omnisense 7000S bone densitometer (precision: Intra-

observer coefficient of variance= 0.2-0.3%, and Inter-

observer coefficient of variance= 0.3-0.7%; “in vivo”). 

Subsequently, 4 bone densitometries were measured after 

starting treatment. Osteopenia and Osteoporosis were defined 

according to the operational definition of the WHO as a T-

score value between -1.0 and -2.5 standard deviations (SD), 

and T-score < or = -2.5 SD of the maximum density average 

value for a young normal adult [2]. 

2.3. Drug Information, Dosage and Administration 

All patients received Risedronate (35 mg) and vitamin D3 

(2800 IU) combined in a single pill and administered once-

weekly. Although our analysis is retrospective, is important 

to clarify that during the treatment period, all patients were 

instructed to take the drug with at least 120 mL of water, on 

an empty stomach, at least 30 minutes before breakfast. 

Patients were also to remain upright (sitting or standing) for 

at least 1 h, according to the recommendations of the data 

sheet. 

2.4. Study Variables and Statistical Analysis 

Sociodemographic variables included in the present study 

were sex, age, T-score, time of treatment, and family and 

personal medical history of non-communicable diseases. For 

Cox regression analysis, the primary outcome variable was 

the duration of treatment associated with the increase of 

BMD, which was measured as the difference between the 

date of definitive suspension of the prescribed drug and the 

start date of drug administration. Therefore, the outcome of 

the study was the increase of BMD, measured as the 

difference between the values of the third T-score minus the 

baseline T-score value (improvement). The dependent 

variable was the improvement of BMD. Continuous variables 

are expressed as the mean and standard deviation (SD). 

Comparisons between the first and third values of 

densitometry were performed using the Wilcoxon signed-

rank test. Categorical variables are described by absolute 

frequency and the corresponding 95% confidence interval 

and were compared using the Yates’s corrected chi-square 

test. The Kaplan-Meier method was used to estimate 

cumulative probability regarding increase of the BMD of the 

patients. Hazard ratios (HRs) were estimated using Cox 

proportional hazard models and their 95% CIs were 

calculated using a logarithmic transformation method. We 
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use the Cox regression procedure for modelling the time to 

increase the BMD as a specified event, based on the values of 

baseline T-scores as time-dependent covariates. We 

considered a p value <0.05 to be statistically significant. 

3. Results 

3.1. General Characteristics of the Study Population at 

Baseline 

We included a total of 14,721 women with osteopenia (n= 

75; 0.5%, IC 95% 0.4–0.6) and osteoporosis (n= 14,646; 

99.5%, IC 95% 99.4–99.6). The mean age of the patients, was 

64.78 years (SD= 9.489; Median = 64.00; range 24 to 101; 

Interquartile range [IQR] = 58.00–71.00). The mean time of 

treatment was 27.06 months (SD = 3.26; median = 27.00; 

range 0 to 33 months; IQR = 26.00–29.00). Of the total 

population, 68.6% (n= 10,102; 95% CI 67.8–69.3) were from 

the population patients with 60 or more age (Osteopenia= 42; 

0.4%, 95% CI 0.3–0.5 versus Osteoporosis= 10,060; 99.6%, 

95% CI 99.5–99.7), and 31.4% were participants aged ≤ 59 

years (n= 4,619; 95% CI 30.7–32.2), of these patients, 33 were 

diagnosed with osteopenia (0.7%; 95% CI 0.5–1.0), and 4,586 

with osteoporosis (99.3%; 95% CI 99.0–99.5) (Table 1). The 

average age in elderly persons was 64.51 years (median= 63 

years; interquartile range [IQR] =57–71 years, range= 78). 

Table 1. Number of patients regarding to the time from administration of prescribed drug. 

 N (Baseline) 6 months 12 months 18 months 24 months 30 months 36 months 

Global 14 721 14 710 14 700 14 584 13 198 3 424  

Osteopenia 75 75 75 75 75 75 75 

Subjects ≤ 59 years old 33 33 33 33 33 33 33 

Subjects ≥ 60 years old 42 42 42 42 42 42 42 

Osteoporosis 14 646 14 635 14 625 14 509 13 123 3 349  

Subjects ≤ 59 years old 4 586 4 582 4 578 4 534 4 099 594  

Subjects ≥ 60 years old 10 060 10 053 10 047 9 975 9 024 2 755  

Source: Prepared by the authors using information from the database. 

Clinical comorbidities and risk factors found in our patient 

group are as follows: hypertension (n= 2,764; 18.8%, IC 95% 

18.2–19.5), diabetes (n= 1,369; 9.3%, IC 95% 8.8–9.7), 

cancer (n= 52; 0.4%, IC 95% 0.3–0.4), arthritis (n= 403; 

2.7%, IC 95% 2.5–3.0), alcohol consumption (n= 1,360; 

9.2%, IC 95% 8.6–10.0), sedentary lifestyle (n= 4,834; 

32.8%, IC 95% 32.1–33.6), medical family history of 

osteoporosis (n= 1,049; 7.1%, IC 95% 6.7–7.6), and use of 

hormonal therapy (n= 124; 0.8%, IC 95% 0.7–1.0). 

3.2. Changes of Bone Mass Density 

We observed a significant increase of BMD (Mean of the 

T-score value (third densitometry) = -2.51, SD= 0.83) 

compared to the baseline values (Mean of baseline T-score= -

3.33, SD= 0.72). The average difference between both values 

was 0.82 units (IC 95% 0.80–0.83, p value= <0.001) (Figure 

1) and those differences were more evident in patients with 

osteoporosis.

 

a) 
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b) 

Figure 1. Average values (n= 14 721) of bone mineral density (BMD): a) Values of mean BMD according to time of densitometry study, b) Values of mean 

BMD in relation to age and diagnosis. 

Moreover, 13,926 patients (94.6%, 95% CI 94.2-95.0) 

improved their BMD score and 795 (5.4%, 95% CI 5.0-5.8) 

showed no improvement from their previous clinical 

condition (262 patients without change of their T-score 

values; 33.0%, 95% CI 29.6–36.4, and 533 patients with a 

decrease of their BMD; 67.0%, 95% CI 63.6–70.4). 

 

Figure 2. Analysis of Kaplan-Meier model in total population: Survival curve. probability regarding increase of the bone mineral density (BMD) of the 

patients. Outcome (improvement). 

3.3. Usefulness of Treatment 

Ninety-four percent of patients achieved some degree of 

improvement (n=13,926; 95% CI 94.2–94.9), 3.62% (n= 533; 

95% CI 3.3–3.9) and 1.78% of patients (n= 262; 95% CI 1.6–

2.0) showed a decrease of their BMD or no change of the T-

score value after treatment compared to the baseline T-score, 

respectively. Of the total of 13,926 patients with an 

improvement of their BMD, 7,697 (55.3%; 95% CI 54.4-

56.0) had no change in their initial diagnosis (7,660 remained 

with osteoporosis, and 37 with osteopenia). However, 6,229 

patients (44.7%, 95% CI 44.0-45.6) had a change from their 

previous clinical condition (1 patient from osteopenia to 

normal T-score value [0.02%; 95% CI 0–1.3], 5,679 patients 

from osteoporosis to osteopenia [91.17%; 95% CI 90.5–91.8] 

and 549 patients from osteoporosis to normal T-score value, 

8.81%; 95% CI 8.2–9.5). Moreover, as shown in figures 2 

and 3, we observed a different probability to increase the 
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BMD between patients with osteopenia and osteoporosis. 

Pass 24 month, the patients with osteoporosis had a lower 

probability of improving their BMD compared with their 

counterparts with osteopenia (p value of long rank= <0.001), 

and a higher risk of decreasing their BMD with prolonged 

treatments (Figure 2). 

Furthermore, patients with osteopenia and aged ≥ 60 years 

have a greater probability of increasing their BMD and a 

lower risk of decreasing their BMD than patients with 59 

years old or less (Figure 3). The probability of increasing the 

BMD in patients with osteoporosis was 2.483 (95% CI 

1.806-3.414) times higher than their counterparts with 

osteopenia. However, the probability to increase the BMD 

was higher in elderly patients than their counterparts aged ≤ 

59 years (HR= 3.426; 95% CI 2.157-5.440, p <0.001 vs. 

HR= 1.755; 95% CI 1.131-2.723, p= 0.012). 

 

a) 

 

b) 

Figure 3. Analysis of Kaplan-Meier model, in population, by age: Survival curve. a) probability of increases bone mineral density (BMD) of patients with 

aged ≤59 years, b) probability of increases bone mineral density (BMD) of patients with aged ≥ 60 years, respectively. Outcome (improvement). 
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4. Discussion 

4.1. Effect of Risedronate and Vitamin D3 Once-weekly on 

Bone Mineral 

In the present study, we found a significant difference in 

baseline T-score values regarding the duration of treatment; on 

average, there was an increase of 23.66% in the BMD of the 

total study population (Median= 18.92%; IQR= 10–32.26). 

These findings are consistent with the results reported by 

Zoehrer et al [18]. They showed that after 3- and 5-years of 

treatment with risedronate (5 mg/day, orally) and 1000 mg 

elemental calcium per day the degree of mineralization 

increased significantly in the risedronate as well as in the 

placebo group, compared with baseline [18]. However, this 

degree of mineralization did not exceed normal mineralization, 

suggesting that the changes at the material level of the bone 

matrix may contribute to risedronate antifracture efficacy in 

osteoporotic patients [18]. Similarly, in the United State 

population, an increase of BMD was observed [9]. This 

increase of the BMD at the hip trochanter, total hip, femoral 

neck, and lumbar spine was observed after 12 months of 

treatment with administration of risedronate 35 mg once-

weekly compared with baseline [9]. Moreover, in 

postmenopausal women from North and South America, and 

Europe the use of risedronate at 5mg and 35 mg has a similar 

increase of BMD from baseline in the lumbar spine, total 

proximal femur, femoral neck and femoral trochanter [13]. 

Delmas et al showed that in postmenopausal women with 

osteoporosis who received 75 mg of risedronate on 2 

consecutive days each month or 5 mg daily for 12 months, 

after 2 years there were similar increments of the BMD in the 

lumbar spine (3.4% +/- 0.16 and 3.6% +/- 0.15; respectively) 

[23]. Similar results were obtained with the use of 75 mg of 

risedronate once a month (3.5%; 95% CI 3.15-3.93) after 1 

year [24]. Moreover, in women and men with osteoporosis 

induced by corticosteroids the use of risedronate 5 mg (once 

daily for 12 months) demonstrated an increase of BMD at the 

lumbar spine, femoral neck and femoral trochanter [12]. In 

addition, in men with osteoporosis from Eastern and Western 

Europe, Lebanon, Australia and the United States the use of 

risedronate (35 mg) once-weekly increased the BMD (in 6%) 

after 2 years of treatment [10]. This effect was observed at the 

lumbar spine, total proximal femur, femoral trochanter and 

femoral neck [10]. However, the increase of BMD appears to 

be dependent on the duration of treatment and dose. McClung 

et al reported that the use of risedronate at a dose of 150 mg 

once a month provided similar efficacy and safety at 2 years 

compared with risedronate at 5 mg daily, for the treatment of 

postmenopausal osteoporosis (4.2%; CI 95% 3.68 to 4.65) [25]. 

Another low-dose regimen was used in a Japanese population 

with similar results [14]. The use of risedronate once-weekly 

(with a dose of 17.5 mg) had equivalent efficacy to the use of 

once-daily treatment with 2.5 mg risedronate with favourable 

safety profiles [14]. However, although 94.6% of our total 

study population had an increase of BMD compared with their 

baseline, 42.3% (95% CI 41.7–43.4) of the patients had 

changes of their previous clinical condition (from osteoporosis 

to osteopenia or normal T-score value, or from osteopenia to 

normal T-score value). Furthermore, the percentage of patients 

with a decrease of their BMD was higher than those patients 

who did not have changes of their BMD. Our findings may be 

different to other clinical studies for the following reasons: the 

type of clinical study (cross-sectional study, cohort study, 

retrospective cohort study), study population, type of bone 

structure analysed (lumbar spine, femoral neck, trochanter, 

proximal femur, total hip, hip trochanter and diaphysis of the 

radius), dose (5 mg, 35 mg, 75 mg or 150 mg), administration 

(daily, once-weekly, 2 consecutive days each month or 1 a 

month), duration of treatment (12 months, 2, 3 and 5 years) 

and the presentation of our study drug in combination with 

vitamin D3, in a single pill. Another important difference 

between our study population and other populations is that 

68.6% were aged ≥ 60 years. We find that the probability of an 

increase in BMD is similar in patients with osteopenia and 

osteoporosis during a period of 18 months of drug 

administration; however, 6 months after this period the 

probability changes. For 2 years of treatment the probability of 

an increase of BDM is approximately 90% and 95% for 

patients with osteoporosis and osteopenia, respectively. 

4.2. Limits and Recommendations 

The present study had the limitation than we did not include 

a comparative interventional group such as a placebo-

controlled group or a group treated with mono-therapy 

administration of risedronate every 24 hours or once-weekly. 

In addition, we described only the changes in BMD before and 

after treatment using a bone densitometer. Therefore, we could 

not ascertain the direct relationship between drug efficacy and 

fracture reduction. However, there are several studies that have 

reported only the increase of BMD in several parts of the body. 

Other studies have reported the reduction of bone turnover and 

the risk of vertebral and non-vertebral bone fractures using 

mono-therapy administration of Risedronate (5 mg) every 24 

hours or once-weekly [4-6, 26, 27]. Despite these 

disadvantages, our results allow us to generate several 

recommendations. All patients with osteopenia and 

osteoporosis could receive 18 months of treatment with 

risedronate and vitamin D3 with a low probability of reduction 

of their BMD. After this period of time, the patients with 

osteoporosis could decrease their BMD. However, the 

performance of the suggested practical approach must be 

rigorously assessed and the clinician’s judgement remains 

paramount when making decisions. If a clinician makes the 

decision to continue with treatment, our findings suggest a 

strict monitoring of BMD. Furthermore, our results suggest 

that the risk of unwanted effect in patients with osteoporosis is 

lower in subjects with age of 60 years or above compared with 

adults aged ≤ 59 years, but this result depends of multiples 

factors. In patients with osteopenia and an age of ≥ 60 years, 

we observed that the period of treatment could be extended for 

another six months with a strict monitoring of their BMD. The 

probability of an increase in the BMD in this population is 
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nearly 80% during a period of treatment of 30 months. 

Moreover, a small percentage of patients (5.4% (n= 795; 95% 

CI 4.9–5.9) present with a reduction of their BMD or do not 

have a change in the T-score value after treatment compared to 

the baseline T-score. These results can be explained, at least in 

part, by the genetic background of our population. Several 

studies have identified polymorphisms in some candidate 

genes that have been associated with bone mass, osteoporotic 

fracture or osteoporosis; these include the Vitamin D receptor, 

the oestrogen receptor, the collagen type I alpha-1 gene [28, 

29], interleukin-16 (IL-16; rs11556218) [30], IL-6 (−174 G/C) 

[31], tumour necrosis factor alpha (TNF-α; −308G>A) [32], 

IL-10 (−1082G>A) [32], and the osteoprotegerin gene (OPG: 

g.26395T>C and g.27649A>G genetic polymorphisms) [33]. 

However, epigenetic mechanisms are another factor that could 

explain our results in this particular group of patients. Zhang et 

al reported that epigenetic mechanisms (DNA methylation and 

histone modifications) may be associated with osteoporosis in 

a glucocorticoid-induced osteoporosis mouse model [34]. 

Additionally, several genes and transcription factors involved 

in bone formation and bone resorption regulate several cellular 

and molecular mechanisms that could explain the response of 

these patients to our study drug. This is because these 

mechanisms play an important role in regulating biological 

processes and gene expression [22]. Another important factor 

is the presence of co-morbidities and the pharmacological 

interaction between prescribed drugs for these co-morbidities. 

These drugs could be associated with genetic and epigenetic 

changes that stimulate several pharmacological responses. It 

has been established that hyperglycaemia is an important 

factor that has direct and indirect deleterious effects on 

osteoblast function and bone formation [35, 36], and studies in 

animal models suggest that insulin resistance might be 

associated with osteoporosis [37, 38]. Therefore, we 

recommend the study of the pharmacogenetic and 

pharmacoepigenetic effects [39] of prescribed drugs, in further 

studies.  

5. Conclusion 

Our findings support evidence that indicates the duration 

of treatment with risedronate with vitamin D3 once-weekly 

depends on the target population. We suggest a strict 

monitoring of BMD particularly for those patients who have 

a treatment for more of 18 months due to the risk of decrease 

BMD. However, the clinician’s judgement remains 

paramount when making decisions about the extension of the 

period of treatment. 
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