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Chronic antihypertensive therapy with thiazide
diuretics in older women and risk of
osteoporotic vertebral fractures: A recently
much-debated association
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Abstract

Background An alleged association of chronic use of thiazide diuretics with an
increased risk of bone fragility fractures has been highlighted by a relatively recent
prospective cohort study (Am ] Med. 2016 Dec; 129(12):1299-1306). However, the
concept that thiazides exert a beneficial effect on osteoporosis is still a predominant
view. This effect would be mediated by the decrease in renal clearance of
calcium ions, a pharmacological feature recognized for a long time now to this
class of drugs , as opposed to the increase in calcium urinary excretion attributed
instead to loop diuretics, i.e. furosemide and similar drugs . The purpose of this
retrospective study is to attempt to clarify whether regular use of thiazide diuretics
as antihypertensive therapeutics is associated with a significantly increased risk of
osteoporotic fractures in female patients, aged over 70 years.

Methods In this two-centre retrospective study, we followed up a cohort of female
patients with (n=80) and without (n=158) thiazide-induced hyponatraemia.
Results A total of 48 osteoporotic fractures was recorded during a median follow-
up period of 57.5 months. By means of univariate regression analysis, an
association was found between thiazide-induced hyponatraemia and increased
risk of vertebral fractures (Odds ratio [OR]: 7.6; 95% confidence interval [CI]: 3.755
- 15.39; p <0.0001). Multivariate regression analysis, however, showed that age (OR:
1.823; 95% CI: 1.211 to 2.743) and body mass index (OR: 0.156; 95% CI: 0.038 to
0.645) were the only independent predictors of osteoporotic fractures. No
association of a history of thiazide-induced hyponatraemia and risk of fracture was
noticeable in the final model.
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Conclusions Because a history of thiazide-induced hyponatremia is associated
with osteoporotic fracture in univariate but not multivariate analyses, a possible
explanation is that confounding factors of older age and low body mass index are
responsible for the apparently heightened risk of fragility fractures in
hypertensive female patients with thiazide-related hyponatremia.
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Manuscript
Background

There is a fair amount of studies that have dealt with exploring the possible
relationship between the use of diuretics (both thiazides and loop diuretics) and
development of osteoporotic fractures (1-8).

Among the most recent studies, there is an observational study by Paik JM et
al (9). In this prospective cohort study of thiazide diuretic use, loop diuretic use
and risk of incident clinical vertebral fracture, Cox proportional-hazards
regression analysis documented a significantly increased risk of developing
vertebral fractures in postmenopausal women taking diuretics. Indeed, thiazide
use was associated with an increased risk of clinical vertebral fracture (RR=1.47;
95% CI: 1.18-1.85). Similarly, women receiving a loop diuretic were more likely to
be affected by clinical vertebral fracture (RR=1.59; 95% CI: 1.12-2.25) compared to
women not treated with a loop diuretic. The higher risk of vertebral fracture with
thiazide use was unexpected.

In fact, despite the above-mentioned recent study, a thiazide-induced
osteoporotic effect is currently not recognized by the vast majority of studies (10-
14).

Moreover, in order to distinguish between the osteo-toxic effect of loop
diuretics and that presumably attributed to the thiazide diuretics, it should be
noted that the possible mechanisms for loop diuretics include their calciuric effect,
subsequent increase in plasma parathyroid hormone level, and decreased bone
mineral density (15-17). Instead, the alleged harmful effect on the vertebral bone
arising from the chronic use of thiazides would be mediated by their strong ability
to deplete the body's sodium pool.

Skeletal bone is a rich reservoir of sodium (18) and may play a key role in
maintaining sodium homeostasis (19) but possibly at the expense of the bone’s
structural integrity. The spine is particularly vulnerable to micro-damage ,e.g.,
linear microcracks and diffuse damage, ( 20) compared with other fracture sites,
considering its dissimilar biomechanics as well as different loading indexes,
microarchitecture, constitution, geometry, and structural arrangement (21 -23), and
the microdamage accumulates with aging(24). The increased vertebral fracture risk
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seen with thiazide use may be induced by the potential harmful effect of
hyponatremia on the spine’s ability to repair local micro-damage.

Thus, a retrospective study has been carried out to clarify whether, in our
experience, the regular use of thiazide diuretics administered as anti-hypertensive
therapy may be associated with a significantly increased risk of osteoporotic
vertebral fractures in female patients, older than 70 years.

Methods

In this two-centre retrospective study, we followed up a cohort of female
patients with and without thiazide-induced hyponatraemia. The relevant data were
collected by review of medical records that were thoroughly analyzed .In particular, in
order to be admitted to the present case-control study, patients had to be female older than
70 years at the time of their first visit, they had to have undergone one or more
hospitalizations or specialist visits to one of the two hospitals involved in the study (CSd
S and S. M d P) and had to have received the diagnosis of hypertension. In addition, a
further requirement for enrollment in this retrospective study was that antihypertensive
therapy should consist of a thiazide diuretic (hydrochlorothiazide, chlortalidone,
indapamide, metolazone, etc.) taken alone, or in combination with another
antihypertensive agent not belonging to the class of thiazide diuretics, on a daily basis for
a period not less than 6 months.

Particular attention was paid to the finding of any hyponatremia (isolated or
repeated) in the patient history. Hyponatraemia was defined by a serum sodium
level below 135 mEq / 1. Moreover, special attention was paid to the diagnostic
evaluation of cases of osteoporotic vertebral fracture. The study included a
scrupulous anamnestic investigation able to highlight a possible history of fracture,
lesion, or collapse of one or more vertebrae. In the vast majority of cases, all
relevant information was acquired without directly contacting patients, but simply
through the scrupulous examination of the history and clinical data contained in
the medical records. Data was then collected, processed and analyzed for
statistical assessment at a third Structure (E.d” A.).

For the consultation of clinical documentation, attention was paid to the
careful preservation of patients' privacy and compliance with current regulations
that recommend collecting clinical record data in anonymous aggregate form for
conducting case-control retrospective studies. The Hospital Directorates were
informed in this regard,while no informed consent of the patients nor the
preventive interpellation of the Ethics Committee was deemed necessary, since it
was a non-experimental retrospective study conducted, while the due attention
was paid to the anonymity of the patient. The group "Patients with history of one
or more vertebral fractures'included those who had, in the medical record, the
documentation of their osteo-vertebral pathology in the form of a radiological
report (e.g., radiograph, computerized tomography scan or magnetic resonance
imaging). However, even a simple medical report (e.g, clinic visit notes, operative
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notes, hospital discharge summary) was considered sufficient to diagnose a
previous osteoporotic fracture of the spine.

We included vertebral fractures that were related to low or moderate trauma
(eg, tripping, or falling from the height of a chair or lower). We excluded vertebral
fractures due to high trauma (e.g., fall down a flight of stairs), motor vehicle
accidents, bicycle accidents, or horseback riding accidents. We also excluded cases
of cervical or sacral fracture. We included in the analysis only cases of vertebral
fracture that were confirmed by medical record review and diagnosed during the 6
years of follow-up between 2011 and May 31, 2017. Participants with a history of
hip or wrist fracture at baseline were excluded from the analysis.

Statistical analysis

Patient data, including smoking status, diabetes mellitus, body mass index,
walking ability, status of living in geriatric longstay facility or nursing homes (vs
home living) and other demographic characteristics, were collected.

Data were expressed in mean + SD unless otherwise specified. For single
comparisons, ANOVA- one way method was used. When judged useful, C-
statistics for building receiving operator characteristic(ROC) curve was also used,
in order to ascertain the optimal cut-off provided with the best balance between
sensitivity and specificity, in the case of quantitative exposure variables that had
been recognized to exert a role as predictive factors for vertebral fractures in
hypertensive elderly women treated with thiazide diuretics. A subdivision of the
enrolled patients according to their serum Na* levels was also performed. Based on
this categorization, three serum sodium classes were identified i.e., class 0,
consisting of normonatremic patients, class 1, consisting of patients with serum
sodium level of 115-134 mEq / 1, and class 2, consisting of patients with serum
sodium level <115 mEq / I. This distinction was made to ascertain whether higher
severity of hyponatremia was associated with a proportionately greater risk of
newly diagnosed osteoporotic vertebral fractures. We then examined the
association of thiazide- induced hyponatraemia with fracture occurrence using 2
per 2 contingency tables and multivariate logistic regression analysis. The
exposure variables entered in the model were age, body mass index, thiazide-
induced hyponatremia, smoking status, walking ability, status of living in geriatric
longstay facility and diabetes mellitus. A history of thiazide-induced
hyponatremia, age, body mass index and the variables at an alpha level < 0.1 in
univariate analysis were selected for multivariate analysis. Two-tailed p-values <
0.05 were considered statistically significant. Statistical analyses were performed
using SPSS software 16.0 (SPSS, Chicago, IL, USA).
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Results

Baseline clinical and demographic data are shown in Table 1. The group of
elderly hypertensive female patients with thiazide-induced hyponatraemia was
composed of 80 individual whereas the one without thiazide-induced
hyponatraemia included 158 subjects. The mean age of the 80 subjects with
thiazide-induced hyponatremia was 74 + 8.5 years, significantly older than the 158
subjects without thiazide-induced hyponatremia (age 65 + 7.5 years; p < 0.0001)
(Figure 1)
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Fig 1The column on the right represents the group of hypertensive patients who experienced one or more
vertebral fractures during the follow-up. The graph clearly shows that mean age recorded at the entrance
into the study was significantly higher (p <0.001) in hypertensive patients with destructive osteoporosis of
the spine, i.e., which developed one or more vertebral fractures ( age: 81.33 £ 5. 27 years) compared with
those that did not have vertebral collapses (age: 64.53 £5. 86 years) ; see also the prospectus at the bottom

of the figure.

Obs Mean Variance Std Dev
0 19 64.5316 34.3456 5.8605
1 48 81.3333 27.8014 5.2727

Levene's Test for Equality of Variances

Significance level P=0.424
ANOVA )
F-ratio | 327.384

Significance level | P <0.001

Student-Newman-Keuls test for all pairwise comparisons

Factor n Mean Different (P<0.05)
from factor nr
(0) 190 64.5316 (1)
(1) 48 81.3333 0)
Legend: Obs= observed; Std Dev= dard deviation; ANOVA= Analysis of variance



http://dx.doi.org/10.20944/preprints201707.0082.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 July 2017 d0i:10.20944/preprints201707.0082.v1

Table 1 Baseline demographic characteristics

Patients with thiazide-induced | Patients without hyponatremia p-value

hyponatremia( no. 80) on thiazide ( no.158)
Age ( years) 74+8.5 65+7.5 p <0.0001
Body mass index( kg/ m?) 22.6+4.17 24.19+3.38 p=0.0017
Duration of follow-up( months) 56.1+10.5 54.8+10.5 p=0.3705
Ever smoked 23(28.7%) 48(30.3%) P=0.91
Independent walking ability 50(62.5%) 128(81%) p=0.0032
Diabetes mellitus 5(6.25%) 3(2%) p=0.122
Living in long-stay geriatric 3(4%) 11(7%) p=0.394
facility

Legend Continuous variables are expressed as mean + standard deviation
As previously reported, the hyponatremia group was also of lower body mass
index (22.6 + 4.17 kg/m? versus 24.19 + 3.38 kg/m?; p = 0.0017)(Figure 2). In addition,
in Figure 3, a ROC-plot highlights the predictive value for occurrence of
osteoporotic vertebral fractures exhibited by body mass index.
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Fig.2 The column on the right represents the group of hypertensive pati who experienced one or
more vertebral fractures during the follow-up. The chart clearly shows that mean body mass index
(BMI) recorded at the entrance into the study was significantly lower (p <0.001) in hypertensive
patients with destructive osteoporosis of the spine, i.e., which developed one or more vertebral
fractures ( BMI: 18.85 * 1.52) compared with those that did not have vertebral collapses (BMI: 24.86
+ 3.10) ; see also the prospectus at the bottom of the figure)

Descriptive Statistics for Each Value of Crosstab Variable

Obs Mean Variance Std Dev
0 190 24.8636 9.6550 3.1072
1 48 18.8577 2.125 1.5207

Levene's Test for Equality of Variances

[ Significance level P <0.001

ANOVA

F-ratio | 168.714
Significance level | P <0.001

Student-Newman-Keuls test for all pairwise comparisons

Factor n Mean Different (P<0,05)
from factor nr

0 190 | 24.8636 (1)

1 48 18.8577 0)

Legend: Obs= observed; Std Dev=standard deviation; ANOVA= Analysis of variance

Mean serum sodium concentration was 123 + 9.5 mEq/L in the thiazide-
induced hyponatremia group. Three cases developed seizures and four required
intensive care unit admission. Mean hospitalisation duration was 6 days for the
hyponatremia group.
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Fig.3

0,950
Standard Error* 0,0132
95% Confidence interval® 0,914t0 0,974
z statistic 34,042
Significance level P (Area=0.5) <0,0001

In this ROC plot, there is the representation of the very good predictive value (AUC = 0.950) possessed
by body mass index ( BMI) as a tool for predicting the occurrence of one or more osteoporotic
vertebral fractures in hypertensive female patients older than 70 years taking chronic therapy with
an oral thiazide diuretic (alone or in combination with another anti-hypertensive drug). By adopting
this method, the best diagnostic accuracy for predicting an osteoporotic spinal fracture has been
attributed to the BMI threshold value of 22.4. This means that in the enrolled population of thiazide
users this value is associated to the presence of osteoporotic vertebral collapse or fracture with a
sensitivity of 97.9% and a specificity of 81.6% (note on top of the graph).

Median follow up was of 57.5 months (interquartile range 54 — 60) in the entire

cohort of enrolled patients.

Furthermore 34 individuals (42.5%) with thiazide induced hyponatremia and
14 (8.8%) without thiazide-induced hyponatremia experienced osteoporotic
vertebral fractures (Table 2) (odds ratio: 7.60; 95% confidence interval [CI] : 3.755-
15.39; p [ chi — square test with Yate correction] <0.0001). Thus, thiazide-induced
hyponatremia was an univariate predictor associated with an increased risk of
newly diagnosed, osteoporotic vertebral fractures.


http://dx.doi.org/10.20944/preprints201707.0082.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 July 2017

d0i:10.20944/preprints201707.0082.v1

Patients with one or more vertebral fractures
yes no Total
8w yes 34 46 80
€ £ k1
35386
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SEE S no 14 144 158
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T =
Total 48 190 238
Odds ratio 7.6025
95% CI 3.755 to 15.3923
z statistic 5.636
significance level P < 0.0001

Table 2 This 2 X2 contingency table shows that, in female hypertensive patients older than 70
years taking thiazide diuretics, the odds of experiencing one or more osteoporotic vertebral
fractures is significantly (p < 0.0001) higher among patients with hyponatremia( serum sodium
level <135 mEq/I) compared to those with normal serum sodium levels ( odds ratio:7.6025; 95%
C1:3.755 to 15.3923). For further explanations, please see the text.

Legend: CI= Confidence interval

Table 3 shows the results of multivariate logistic regression analysis for the
predictors of osteoporotic fractures. In this way, using multivariate logistic
regression to estimate the probability of any osteoporotic vertebral fracture, we
found that thiazide-induced hyponatremia was not any longer significantly
associated with fracture risk. Instead, the only two multivariate predictors of
vertebral fractures were patient age (odds ratio(OR) = 1.823; 95% CI: 1.211 to 2.743;
p = 0.0039)and body mass index (OR= 0.156; 95% CI:0.038 to 0.645; p = 0.0102).In
addition, the two classes of hyponatremia we arbitrarily created had a comparable
odds of incident vertebral fractures, that is, newly diagnosed vertebral fractures
were similarly frequent in the comparison between the two classes , namely the
one with serum Na* of <115 mEq / L, compared to that whose values were only
moderately depressed, i.e., comprised between 115 and 134 mEq / L
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TABLE 3 Multivariate logistic regression analysis

ouicome variabie: patients with one or more veriebrai fractures

exposure variables: age( continuous);body mass index ( continuous); hyponatremia during
thiazide therapy( dichotomous); inability for independent walking( dichotomous); living in geriatric
long stay facility( dichotomous); diabetes (dichotomous)

Odds Ratios and 95% Confidence Intervals

Variable Coefficient|Std. Error| Odds ratio 95% CI p
Age ( continuous variable) 0.600 0.208 1.823 1.2111t0 2.743 0.0039
Body mass index( continuous -1.852 0.721 0.156 0.038 to 0.645 0.0102
variable)

Hyponatremia under thiazide 2.970 1.681 19.508 0.722 to 527.094 0.0773
treatment

Inability for independent -3.318 2.289 0.036 0.0004 to 3.216 0.1472
walking

Living in geriatric long stay -3.136 2.482 0.043 0.0003 to 5.630 0.2063
facility

Diabetes 2.217 1.556 9.179 0.434t0 193.958 | 0.1543

Table 3 Multivariate predictors of occurrence of osteoporotic vertebral
fractures ( one or more
for each individual) among hypertensive female patients older than 70 years, all taking

chronic anti-hypertensive therapy with thiazide diuretic ( alone or in combination with other
anti-hypertensive agents). As reported in the table , hyponatremia per se is not associated
with significantly increased risk of osteoporotic vertebral fractures (p=0.0773). On the
contrary, advanced age appears to be a risk factor ( p= 0.0039), whereas a relatively high
body mass index appears to exert a significant protective effect (OR: 0.156; 95% CI:
0.038 to 0.645; p= 0.0102) against occurrence of osteoporotic vertebral fractures.

Legend: Cl: confidence interval; Std. Error: standard error

Discussion

Use of diuretics for treatment of hypertension, as well as chronic heart failure
has been associated with a reduction in bone mineral density, and related
increased risk of osteoporotic fractures, especially at the vertebral level (25-26).
This topic has attracted the interest of epidemiologists and clinicians, also because
the propitiation or aggravation of osteoporosis may substantially cancel or
diminish the overall therapeutic advantage arising from the beneficial effect on
the cardiovascular apparatus exerted by thiazide diuretics used for primary or
secondary cardiovascular prevention( 27).

This unfavorable outcome would be due to the elicitation of osteoporosis in
postmenopausal women as a harmful repercussion of the diuretics on scheletral
structure.

There are controversial aspects regarding the supposed responsibility of
diuretics in the determinism of osteoporosis. In principle, thiazide diuretics, i.e.,
those most commonly used in hypertension, alone or in combination with other
pharmacological classes (ACE inhibitors, angiotensin receptor blockers, beta-
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blockers) are regarded not to usually increase, but rather = decrease renal
excretion of calcium ions( 28 ). Hence their participation in bone mineral depletion
processes should be deemed to occur less likely when compared to that attributed
to the loop diuretics (furosemide, torsemide, etacrinic acid).

In addition, relatively recently, low sodium serum levels have been blamed on
causing a reduction in bone mineralization, especially in the elderly. In fact,
thiazides, while not increasing calcium urinary excretion, may have an unfavorable
role in bone mineral metabolism through their proved property of causing increase
in sodium urinary clearance with possible related reduction in skeletal sodium
stock (29). Moreover, while thiazide use has been found to be protective for hip
fracture in several studies(10,13), other 2 studies of thiazide use and vertebral
fracture (1-2) found no statistically significant association, whereas one
(9)demonstrated significant association between thiazide use and incident clinical
vertebral fractures.

As for the loop agents, also considered as the cornerstone of therapy for
hemodynamic congestion in chronic heart failure, they have been shown to induce
non-negligible hypercalciuria, thus making the bone more frail and friable and
therefore more predisposed to pathological manifestations such as fragility
fracture(16-17), namely the so-called vertebral collapse, defined by the crush of
one or more vertebral bodies, often detectable in elderly with severe osteoporosis.

If epidemiological observations that would demonstrate the existence of a
causal link between the use of diuretics and the occurrence of osteoporosis are
confirmed by randomized trials with adequate statistical power, then therapeutic
habits for treatment of hypertension and related prevention of cardiovascular and
cerebrovascular events would be modified , i.e., a drastic reduction in the use of
diuretics is likely to occur as a logic consequence from this finding.

In our retrospective case control study, although a history of thiazide-
induced hyponatremia identified individuals at risk for osteoporotic fracture, the
predictive value was no longer evident after controlling for known risk factors of
osteoporosis. Indeed, only two

factors — namely, older age and lower body mass — maintained their predictive
value with regard to osteoporotic vertebral fractures even in the multivariate
logistic regression analysis.

Based on these findings, a significant association of osteoporotic vertebral
fractures with older age and low body mass index can be affirmed. In other words,
our findings indicate that old age and low body mass help explain the occurrence
of osteoporotic vertebral fractures, and that hyponatraemia event might not be the
culprit of the osteoporotic fractures.

Conclusions

At univariate logistic regression analysis, we found that a history of thiazide-
induced hyponatremia in hypertensive women older than 70 years was associated
with small increased risk of osteoporotic vertebral fracture. Conversely, in our
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study this association disappeared after adjustment for conventional risk factor of
vertebral fractures, such as old age and low body mass index.

However, recent research has shown that use of diuretics (both thiazides and
loop diuretics) is associated with an increased risk of vertebral fractures, namely
the most typical manifestation of severe osteoporosis. Thus, a unifying thesis
could be put forward as follows. Hyponatremia per se, doesn’'t induce
osteoporotic fracture, however decreased bone mass (for instance, among elderly
with small body build) might confer heightened risk of hyponatremia because of
reduced bone sodium for exchange with the serum sodium. In keeping with this
concept, occurrence of hyponatremia could only serve as an indirect surrogate
marker for osteoporosis risk.

Conflict of interest statement On behalf of all authors, the corresponding author states that
there is no conflict of interest.
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