K perplexity

what is the association between orthostatic
hypotension and vitamin D

Current research suggests a complex relationship between vitamin D status and orthostatic
hypotension, with multiple cross-sectional and prospective studies demonstrating an association
between hypovitaminosis D and increased risk of orthostatic hypotension, particularly in older
adults. However, the evidence is not entirely consistent, with some studies finding no significant
association and clinical trials of vitamin D supplementation showing limited efficacy in preventing
orthostatic hypotension. This report synthesizes the current evidence regarding this association,
explores potential biological mechanisms, examines population differences, and discusses
therapeutic implications for clinical practice.

Understanding Orthostatic Hypotension and Vitamin D

Orthostatic hypotension (OH) is clinically defined as a drop in systolic blood pressure of 20
mmHg or more and/or a drop in diastolic blood pressure of 10 mmHg or more within 3 minutes of
standing 1 2L 381 This condition is particularly common in older adults and is associated with
significant adverse outcomes including falls, syncope, institutionalization, and increased
mortality[2l. The prevalence of OH increases with age and is often attributed to age-related
dysfunction of blood pressure control mechanisms3l 4l Orthostatic hypotension that occurs
within or at 1 minute of standing appears to be associated with a higher risk of falls, myocardial
infarction, syncope, and mortality compared to OH that occurs after 1 minute of standing 31161
The clinical significance of OH extends beyond simple hemodynamic changes, as it can
substantially impact quality of life and independence in affected individuals.

Vitamin D is a fat-soluble vitamin that plays critical roles beyond its well-known functions in
calcium homeostasis and bone health!Zl. Vitamin D receptors are present in numerous tissues
throughout the body, including vascular smooth muscle, cardiac cells, and neurons involved in
the baroreflex arc that regulates blood pressurefll@l. Hypovitaminosis D, typically defined as
low serum 25-hydroxyvitamin D (250HD) levels, has been associated with various
cardiovascular conditions including hypertension, coronary heart disease, and heart failure 2l
The potential relationship between vitamin D status and orthostatic hypotension has gained
increasing attention over the past decade, with multiple studies investigating whether vitamin D
deficiency may contribute to impaired blood pressure regulation during postural changes[ll 1101
381191 understanding this relationship is particularly important given the high prevalence of both
vitamin D deficiency and orthostatic hypotension in older populations.



Epidemiological Evidence Supporting the Association

Multiple cross-sectional studies have demonstrated an association between hypovitaminosis D
and orthostatic hypotension in older adults 0181191 - A meta-analysis examining this
relationship found that participants with hypovitaminosis D had a higher prevalence of
orthostatic hypotension (OR = 1.88; 95% ClI: 1.25-2.84)12L. This association remained significant
even after adjusting for various potential confounders including age, sex, BMI, renal function,
comorbidities, seasonality, use of antihypertensive medications, and supplementation with
cholecalciferol (OR = 2.03; 95% CI: 113-3.68) 81 People with orthostatic hypotension were
found to have significantly reduced serum vitamin D concentrations (standardized mean
difference = -0.42; 95% Cl: -0.72 t0 -0.12) 12 These findings suggest that the relationship
between vitamin D status and orthostatic hypotension is not merely coincidental but persists
even when accounting for various factors that might influence both conditions.

A prospective longitudinal study provided stronger evidence for a causal relationship by
demonstrating that hypovitaminosis D predicts the onset of OH in older adults over a follow-up
period of 4.4 yearsm. This predictive relationship was particularly strong in women, suggesting
potential sex-specific effects of vitamin D on blood pressure regulationmﬁl. The EPIDOS study,
which focused on oldest-old women (mean age 83.3 years), found that diastolic orthostatic
hypotension was observed more frequently among women with vitamin D deficiency (19.2%)
compared to those without (10.0%) B4l There was an inverse linear association between
250HD concentration and change in diastolic blood pressure after 3 minutes of standing
(adjusted B =-0.07,p = 0.046) 8114l After adjusting for numerous covariates, vitamin D
deficiency was associated with orthostatic hypotension (adjusted OR 3.36, p = 0.004),
specifically with diastolic orthostatic hypotension (adjusted OR 3.81, p = 0.003) 131141

The British Regional Heart Study examined 3,620 older community-dwelling men and found that
those with vitamin D deficiency (<25 nmol/l) were more likely to have OH occurring within 1
minute of standing in both univariate logistic regression (OR 1.88, 95% CI 1.40-2.53) and
multinomial, multiple logistic regression (OR 1.51, 95% CI 1.06-2.15), compared to men with
sufficient levels of vitamin D (=50 nmoI/I)@@l. Interestingly, vitamin D insufficiency (=25-<50
nmol/l) was not associated with increased risk of OH, suggesting a possible threshold effect—it
may be only below a particular level of vitamin D that the risk of OH is increased 81181 This
finding is important as it suggests that severe vitamin D deficiency, rather than milder
insufficiency, may be the critical factor in the relationship with orthostatic hypotension.

Contradictory Evidence and Limitations

Despite the substantial evidence supporting an association between vitamin D deficiency and
orthostatic hypotension, some studies have yielded contradictory results. A study examining
older Irish adults found no association between vitamin D status and orthostatic hypotension!.
The authors noted that their study used a gold standard of vitamin D measurement,
standardized cutoffs, and included a large, well-described population-representative sample of
older people with a diagnosis of orthostatic hypotension based on continuous beat-to-beat
readingsml. This contradictory finding highlights the complexity of the relationship and
suggests that other factors may modify the association between vitamin D and orthostatic
hypotension in different populations.



More significantly, interventional studies have not consistently demonstrated benefits of vitamin
D supplementation for preventing or treating orthostatic hypotension. The Study to Understand
Fall Reduction and Vitamin D in You (STURDY), a double-blind, randomized, response-adaptive
trial, tested the effects of higher doses of vitamin D3 (1,000+ |U/day, i.e., 1,000, 2,000, and
4,000 IU/day combined) versus lower-dose vitamin D3 (200 IU/day) on fall risk in adults ages 70
years and older with low serum 25-hydroxyvitamin D (10-29 ng/ml) 121181 Among 688
participants (mean age 77 years), the trial found that higher-dose vitamin D3 supplementation
was not associated with seated, standing, or orthostatic blood pressure, and it did not lower the
risk of OH or orthostatic symptoms compared to lower-dose supplementation121 131 These
findings contradict the hypothesis that vitamin D supplementation could be an effective
intervention for preventing orthostatic hypotension, at least at the doses tested in this trial.

Another analysis from the STURDY trial specifically examining the effects of vitamin D
supplementation on orthostatic hypotension similarly found no benefit4l, Comparing the 200
IU/day dose to the 1000, 2000, and 4000 IU/day doses, researchers found no reduction in the
risk of OH during the triall4l. Furthermore, vitamin D dose was not associated with orthostatic
symptoms as participants stood up or after standing, nor with orthostatic symptoms or
functional limitations in the preceding 30 daysl4l. These findings led the researchers to
conclude that their results did not support the use of higher doses of vitamin D3
supplementation as an intervention to prevent orthostatic hypotension12l [131 [14]

Potential Biological Mechanisms

Several biological mechanisms have been proposed to explain the potential link between vitamin
D status and orthostatic hypotension. Vitamin D receptors are present in vascular smooth
muscles, cardiac cells, and endothelial cells, suggesting that vitamin D may directly modulate
the cardiovascular system's response to orthostasis 2 8], Through these receptors, vitamin D
may influence vascular tone, cardiac contractility, and endothelial function—all crucial
components of the body's response to postural changeslﬁl. Vitamin D has been shown to have
beneficial effects on endothelial function, which could potentially improve vascular reactivity
during orthostatic stressil. The presence of vitamin D receptors in neurons of the baroreflex
arc, which is responsible for detecting and responding to changes in blood pressure, suggests
that vitamin D may also play a role in the neural control of blood pressure during orthostatic
challengesmm.

Vitamin D is crucial in regulating electrolyte levels, specifically calcium and phosphate, which are
paramount to maintaining otolith organ health!Z. The otolith organs are part of the vestibular
system, which plays a critical role in balance and the detection of head positionm. The
vestibular and cardiovascular systems work in tandem to sustain cardiac output via the
vestibulo-sympathetic reflex during postural changesm. In animal models, vitamin D receptor-
deficient mice developed calcium imbalances resulting in abnormal otolith development and
significantly reduced posture controllZ, Similarly, vitamin D deficiency in humans has been
implicated in abnormal otolith development resulting in otolith dysfunction and an increased risk
of vestibular diseasesZ. Therefore, vitamin D deficiency might impair both cardiovascular and
vestibular functions, resulting in a reduced vestibulo-sympathetic reflex during orthostasis,
thereby increasing the risk of orthostatic hypotension.



Another potential mechanism involves the role of vitamin D in autonomic nervous system
function. Orthostatic hypotension, particularly in older adults, is often attributed to autonomic
dysfunction that impairs the body's ability to maintain blood pressure during positional
changes 3l 4] vitamin D deficiency has been associated with impaired vascular responses to
vasoconstrictors and alterations in autonomic control mechanisms2l, A study examining
children with chronic nausea and orthostatic intolerance found that serum 25(OH)D tended to be
lower in those with orthostatic intolerance compared to those without3l. Most importantly,
25(0OH)D showed a high positive correlation with supine measures of baroreflex sensitivity and
heart rate variability only in the orthostatic intolerance group, and there was a trend for a
negative correlation with sympathovagal balance3l. Low 25(0H)D correlated with greater loss
of both baroreflex sensitivity and heart rate variability upon head-up tilt testing15l. These
findings support the concept that low vitamin D may contribute to impaired cardiovascular
responses to orthostatic stress through effects on autonomic function.

Population Differences and Risk Factors

The association between vitamin D status and orthostatic hypotension appears to vary across
different populations, suggesting important demographic and clinical factors that may modify
this relationship. Age is a significant factor, with the association being particularly pronounced in
older adults, especially the "oldest-old" (=80 years)ﬁlm. This may reflect the higher
prevalence of both vitamin D deficiency and orthostatic hypotension in this demographic, as well
as age-related changes in cardiovascular physiology and autonomic function that may amplify
the effects of vitamin D deficiency on blood pressure regulation. The association between
vitamin D deficiency and orthostatic hypotension may be mediated or modified by age-related
factors such as decreased skin synthesis of vitamin D, reduced outdoor activity, and changes in
dietary intake, all of which contribute to the high prevalence of vitamin D deficiency in older
adults.

Gender appears to play an important role in the relationship between vitamin D and orthostatic
hypotension, with several studies finding stronger associations in women than in men Ll (21 3] 4]
A prospective longitudinal study demonstrated that hypovitaminosis D predicted the onset of
OH in older adults after 4.4 years of follow-up, with this predictive relationship being significant
only in women when stratified by sex. The EPIDOS study, focusing specifically on oldest-old
women, found a strong association between vitamin D deficiency and diastolic orthostatic
hypotension[é“ﬂ. The reasons for these gender differences remain unclear but may relate to
hormonal factors, differences in body composition, or gender-specific variations in vitamin D
metabolism. These findings suggest that older women with vitamin D deficiency may represent a
particularly high-risk group for developing orthostatic hypotension.

Comorbidities and concurrent medications also appear to influence the association between
vitamin D status and orthostatic hypotension. A meta-analysis found that the administration of
antihypertensive treatment showed a significant direct correlation with the risk of OH in older
patients with low vitamin D levels (Coefficient 0.05, p < 0.001) 19 Thijs suggests that older
adults with vitamin D deficiency who are taking antihypertensive medications may be at
particularly high risk for developing orthostatic hypotensionm. Diabetes mellitus represents
another important comorbidity that may strengthen the association between vitamin D
deficiency and orthostatic hypotension@l. A study evaluating vitamin D status and its



correlation with orthostatic hypotension among diabetic patients found that orthostatic
hypotension and vitamin D levels were strongly correlated in this population8l. At a cut-off
value <72.1 nmol/L, vitamin D could predict orthostatic hypotension in diabetic patients with a
specificity of 97.83%, sensitivity of 100%, positive predictive value of 93.3%, and negative
predictive value of 100% (8.

Therapeutic Implications and Vitamin D Supplementation

Despite the epidemiological evidence linking vitamin D deficiency with orthostatic hypotension,
clinical trials of vitamin D supplementation have yielded disappointing results regarding
prevention or treatment of this condition. The STURDY trial found that higher doses of vitamin
D3 supplementation (1,000+ IU/day) compared to a lower dose (200 1U/day) did not reduce the
risk of orthostatic hypotension or its symptoms in older adults with low baseline vitamin D
levelsl12 181 [4] Thege findings do not support the use of higher doses of vitamin D3
supplementation as an intervention to prevent orthostatic hypotension, at least in the general
population of older adults with mild to moderate vitamin D insufficiency (10-29 ng/ml)lﬁlml. The
lack of efficacy may suggest that the observational association between vitamin D deficiency
and orthostatic hypotension is not causal, or that other factors mediate or modify this
relationship in ways that are not addressed by simple vitamin D supplementation.

However, it is noteworthy that specific subpopulations might still benefit from vitamin D
supplementation for the management of orthostatic hypotension. A study examining diabetic
patients found improvement in orthostatic hypotension among the studied groups after vitamin
D supplementation@l. Additionally, the threshold effect observed in some studies—where only
severe vitamin D deficiency (<25 nmol/l) was associated with increased risk of OH, while vitamin
D insufficiency was not—suggests that supplementation might be beneficial specifically in those
with profound vitamin D deficiency rather than milder insuﬁiciency@@l. This perspective is
supported by a meta-regression analysis which found that vitamin D supplementation showed a
significant inverse relationship towards the risk of orthostatic hypotension (Coefficient -0.12, p <
0.001) among patients with hypovitaminosis DO These conflicting findings highlight the need
for targeted approaches to vitamin D supplementation, focusing on specific high-risk
populations rather than broad implementation.

Physical activity appears to be an important modifier of the relationship between vitamin D
status and orthostatic hypotension. A meta-regression analysis found that physical activity
showed a significant inverse relationship towards the risk of orthostatic hypotension (Coefficient
-0.09, p = 0.002) among patients with hypovitaminosis DAl This suggests that regular
physical activity might help mitigate the risk of orthostatic hypotension in individuals with vitamin
D deficiency, possibly through improvements in cardiovascular fitness, autonomic function, and
peripheral vascular responses to orthostatic stress. The potential synergistic benefits of
combining vitamin D supplementation with physical activity interventions for preventing
orthostatic hypotension warrant further investigation, particularly in high-risk populations such as
older adults and individuals with diabetes.

Current evidence does not support routine high-dose vitamin D supplementation for the
prevention or treatment of orthostatic hypotension in the general older adult population.
However, screening for and correcting severe vitamin D deficiency (<25 nmol/l) may be



reasonable in individuals at high risk for orthostatic hypotension, such as older women, those
with diabetes, and patients taking antihypertensive medications 19l 81 [S1[6] Fyture randomized
controlled trials should focus on these specific high-risk subgroups and investigate whether
targeted vitamin D supplementation, possibly in combination with other interventions such as
physical activity programs, might be effective in preventing orthostatic hypotension and its
associated adverse outcomes.

Conclusion

The relationship between vitamin D status and orthostatic hypotension represents a complex
interplay of physiological, demographic, and clinical factors. While numerous cross-sectional and
some prospective studies have demonstrated an association between vitamin D deficiency and
increased risk of orthostatic hypotension, particularly in older women and those with severe
deficiency, interventional studies have not consistently shown benefits of vitamin D
supplementation for preventing this condition. The association appears stronger in certain
populations, including older women, individuals with diabetes, and those taking antihypertensive
medications, suggesting important effect modifiers that warrant further investigation.

Several biological mechanisms have been proposed to explain the potential link between vitamin
D and orthostatic hypotension, including effects on vascular tone, cardiac function, autonomic
nervous system regulation, and vestibular system development and function. However, the
precise pathways through which vitamin D deficiency might contribute to impaired blood
pressure regulation during orthostatic stress remain incompletely understood. The threshold
effect observed in some studies—where only severe vitamin D deficiency but not insufficiency
was associated with increased risk of orthostatic hypotension—suggests that maintaining
vitamin D levels above critical thresholds may be more important than achieving optimal levels
for preventing this condition.

Future research should focus on clarifying the role of vitamin D in blood pressure regulation
during orthostatic stress, identifying high-risk populations who might benefit from targeted
vitamin D assessment and supplementation, and investigating combination approaches that
address multiple risk factors for orthostatic hypotension. While current evidence does not
support routine high-dose vitamin D supplementation for preventing orthostatic hypotension in
the general older adult population, screening for and correcting severe vitamin D deficiency may
be reasonable in individuals at high risk for this condition. As our understanding of this
relationship continues to evolve, a personalized approach to assessing and addressing vitamin D
status in the context of orthostatic hypotension risk appears most prudent.
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