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A Commentary on 


Alendronate Use and Risk of Type 2 Diabetes: A Nationwide Danish Nested Case-Control Study 
by Viggers R, Al-Mashhadi Z, Starup-Linde J and Vestergaard P (2021).  Front. Endocrinol. 12:771426. doi: 10.3389/fendo.2021.771426



Background

Osteoporosis and diabetes mellitus are common metabolic diseases. Interventions to prevent either (or to kill two birds with one stone) seem worthwhile.



Population-Based Research

The current study (1) was based on nationwide databases in Denmark. The authors defined 163,588 subjects with a diagnosis of diabetes mellitus and matching controls. There were many imbalances, e.g., smoking, glucocorticoid use, and comorbidities. The researchers looked into prior Alendronate use since 1998. A protective effect (HR = 0.64) against type 2 diabetes was calculated, as well as some dose dependency. The results in the work of Viggers et al. might have been confounded: There is well-known gastric intolerance to oral bisphosphonates, which would keep several patients from taking more than a single or limited dose of the drug. Some patients might have never taken any pill after reading about possible side effects in the package insert, and no individual intake evaluation was possible. The reported dose effect (with longer ones taking Alendronate, which lowers diabetes risk), which should support the concept that Alendronate protects against diabetes, is modest and overexpressed, as shown in Figure 1 of the paper by Viggers et al. Alendronate ≤ 6 months, however, reduced diabetes risk by 30% (HR = 0.70), with the “most effective” time frame of 4.0-5.9 years adding just 14.7% (HR = 0.55). A year-long effect on glucose metabolism from possibly very limited medication exposure in the first weeks or months with quite little improvement in long-term treatment groups seems relatively implausible.

Interestingly, similar information was published by the co-author Vestergaard (2011) (2). In that historic paper, he did a different data selection, comparing 103,562 users of osteoporosis drugs matched to controls (not taking osteoporosis drugs). Dose-dependent protection to develop diabetes by use of Alendronate (HR = 0.71) was reported. The strongest benefit against developing diabetes mellitus was found with the selective estrogen receptor modulator Raloxifene (HR = 0.46), but this fact did not make it to the title of the paper. Another interesting point is that, in the control group (without osteoporosis medication), there were 4.1% with diabetes at baseline, compared to 3.5% in the osteoporosis group!

Despite an impressively high number of participants and best attempts to adjust for confounders in those studies, results are only associations and critical information, e.g., body mass index, was missing (subjects with higher BMI have a higher incidence of DM but have lower incidence of osteoporosis).

A study by Toulis et al. (3) using UK databases also discussed this aspect by comparing 35,998 bisphosphonate users vs. 126,459 matched non-users with the advantage to include BMI into matching. They also reported an overall protection against diabetes, but curiously only in the long term (more than 2.5 years of exposure), while somewhat confusingly, an increase in their first quartile (1.0–2.5 years) was seen with an adjusted IRR of 1.67. They chose to exclude medication exposure of less than 1 year from analysis.



Preclinical Trials

Osteocalcin is a possible connector between bone and glucose metabolism. Preclinical data are contradictory; e.g., Alendronate reduced osteocalcin and might improve glucose metabolism by that way in several cell culture experiments (4); on the other hand, there was an animal model with Alendronate-fed rats (5), reporting higher fasting blood glucose levels and worsened insulin sensitivity.



Prospective Clinical Trials

A study by Hong et al. (6) in 84 osteoporotic patients starting risedronate (plus vitamin D) for 16 weeks did show the expected decline of about 50% in osteocalcin levels but a slightly increased (!) fasting plasma glucose (5.3–>5.5 mmol/L) without other changes in the glucose metabolism (insulin, HOMA-B, and HOMA-IR).

Evidence from RCTs with this topic is scarce. In 2019, Fard et al. (7) published a clinical trial in 80 non-diabetic postmenopausal women “with osteopenia” (but BMD was not provided). They suggested some benefit of Alendronate vs. placebo on glucose metabolism over 12 weeks: small reductions in the Alendronate-treated group in fasting glucose (between group difference 5.7 mg/dl = 0.3 mmol/L) and Hb1Ac (Δ 0.11%) and an improvement of HOMA insulin resistance were reported (−0.95 with Alendronate vs. −0.08 with placebo, but intergroup difference was not significant). There were imbalances at randomization: HbA1c and HOMA-IR were higher in placebo. A dropout rate of 25% in just 12 weeks’ study duration has to be considered, and no intention-to-treat (ITT) statistics was applied. A crossover of the placebo group would have been interesting.

Schwartz et al. (8) analyzed data of three large pivotal trials of osteoclast inhibitors (Alendronate, Zoledronic Acid, and Denosumab) in ~20,000 postmenopausal osteoporotic women. Despite being a post hoc evaluation, the advantages of this ITT analysis were as follows: substantial patient numbers; prospective and randomized population including clinical information such as compliance with medication, body mass index, and bone mineral density; and, of course, lab values. They summarized: “Antiresorptive therapy does not have a clinically important effect on fasting glucose, weight, or diabetes risk in postmenopausal women”.



Conclusion

To conclude, the study by Schwartz et al. has the best database to draw the conclusion: There is no clinically relevant effect of bisphosphonates on glucose metabolism in humans, whatever preclinical models may suggest. Taking into account the mentioned literature, another hypothesis for future research is suggested: “Do osteoporosis patients have a statistically lower risk to develop diabetes mellitus compared to a non-osteoporotic population?”—getting diagnosed with osteoporosis might have at least one small benefit for the patient.
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