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ABSTRACT

Objective: Patients with rheumatoid arthritis (RA) are associated with low bone mineral density
(BMD). Chronic comorbidities such as type Il diabetes mellitus have shown to affect BMD parameters
in patients with RA. Hypertension (HT) is a chronic disease and its coexistence with RA can alter
bone health. The aim of this study was to investigate if HT affected BMD parameters in RA patients
diagnosed for the first time. Methods: Patients with the diagnosis of RA who underwent BMD
studies formed the study population. Patients with HT were sorted from this population and formed
a separate group. Healthy controls were drawn from subjects who came for a check-up. BMD was
done with the GE Lunar DPX machine. Mean T Scores at spine, femur neck and total femur were
recorded. Data from the three groups were analysed and compared. Linear regression analyses were
performed. Results: Analysis suggested that the age had inverse and BMI had direct correlation
with BMD T scores in all groups. The additional diagnosis of HT in RA patients was associated with
higher BMD as compared to patients with RA, but lower than controls. R? values were 0.341, 0.402
and 0.436 for mean T scores at spine, femur neck and femur total respectively. Figures from multiple
regression analysis suggest that BMI alone did not explain the higher T score values in HT patients.
Conclusion: Additional morbidity of HT in RA patients negates the porotic effect of RA as judged by
bone densitometry. Hence, BMD reports should be read with caution in these patients.
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INTRODUCTION

Rheumatoid Arthritis (RA) is a chronic
infammatory disease which affects
various organs. Bone is an important
organ affected by RA. It is manifested
as low bone mineral density (BMD),"?
generalised osteoporosis,’? and in-
creased risk of fragility fractures.®* RA
is a key factor determining the risk of
fractures in the assessment of Fracture
Risk Assessment Score (FRAX) score.®

Hypertension (HT) is also a chronic
disease which can affect multiple
systems. The effect of hypertension
on bone health is controversial. While
many studies have shown that HT has
a negative effect,®” some have shown
none,®° while a few others have shown a
positive effect in men on BMD™. In spite
of variable effect of HT on BMD, it has
been strongly suggested that HT is an
independent risk factor for osteoporosis
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and osteoporotic fractures in men and postmenopausal
women. "

The effect of coexisting HT with RA on BMD has not
been well studied. Associated comorbidities like type
Il diabetes mellitus (T2DM) have shown to alter BMD
parameters in RA patients.'? It is possible that HT, by
the virtue of its effects mentioned above, can alter BMD
values in these patients. The aim of this study was to
investigate if HT affected BMD parameters in newly diag-
nosed RA patients. We also studied if variables such as
age or body mass index confounded the results.

MATERIALS AND METHODS

This was a single-centre cross-sectional study. The cen-
tre has a database of patients following over the last 5
years. Patients with the diagnosis of RA who underwent
BMD studies were included in the study. The American
College of Rheumatology Criteria (ACR) 2019 were used
as a guide to diagnose RA. Since RA is a risk factor for
osteoporosis, all patients presenting to the centre were
advised DXA scan. Though patients presented after vari-
able duration of symptoms, they were diagnosed as RA
for the first time. Hence all these patients were treatment
naive for DMARDS. The mean Disease Activity Score of
these patients at presentation was not significantly differ-
ent in patients with RA and RA with HT and is mentioned
in Table 1. Table 1 also shows the demographics and
associated comorbidities of the study population.
Patients with HT were separated from this population
and formed a separate group. These patients were diag-
nosed as hypertensives prior to their diagnosis of RA by
their primary physicians based on their blood pressure
readings of more than 140/90 mmHg. All these patients
were on medications.

Age-matched controls were drawn from healthy vol-
unteers who came for a routine annual health checkup
and who agreed to use their data for the study. These
were healthy subjects from same geographical area, with

HYPERTENSION NEGATES POROTIC EFFECT OF RA ON BMD

no comorbidities and no addictions. The controls were
matched with the study population for age, but as they
were healthy subjects, comorbidities were not present
and were not intended to match for comorbidities.
Notably, the BMI of controls was significantly better than
the study population by the virtue of them being healthy.
The details of these healthy volunteers have been pub-
lished in a previous study. '3

BMD was done with the GE Lunar DPX machine. Mean
T Scores at spine, femur neck, and total femur were
recorded. T Scores rather than actual bone densities
were used for analysis to give unequivocal picture to
the readers, and also because, more recently, many
publications are using it as preferable way to convey
the BMD.™'® Two technicians performed equal number
of studies randomly throughout the period of 5 years,
minimising operator dependant variability.

Data were analysed using the SPSS software for Windows
(version 26.0, IBM Corporation, USA). Normality of the
variables was tested using skewness, kurtosis, one
sample Kolmogorov-Smirnov test and Shapiro-Wilk test
before performing statistical analysis. Levene’s test was
used to test homogeneity of variance. Continuous vari-
ables were presented as mean with standard deviation.
In the entire study, the p-values less than 0.05 were
considered statistically significant. All the hypotheses
were formulated using two tailed alternatives against
each null hypothesis (hypothesis of no difference). One-
way ANOVA was used to examine differences in mean
of variables between groups. Kruskal-Wallis test was
used for non-normal data. Welsh correction was used
for non-homogeneous data. Multiple stepwise linear
regression was performed to assess the influence of in-
dependent variables on dependent variables. Regression
assumptions co-linearity, normality and homoscedastici-
ty were assessed using VIF, P-P plots and scatter plot of
residuals, respectively.

Table 1. Comorbidities associated with the study population.

RA RA with HT Total
N 396 156 552 Stat: chi square
. NO 388 (97.98%) 149 (95.51%) 537 (97.28%)
Smoking X2 (1, N=552)= 2.576, p= 0.108
YES 8 (2.02%) 7 (4.49%) 15 (2.72%)
NO 373 (94.19%) 145 (92.95%) 518 (93.84%)
Tobacco X2 (1, N=552)= 0.299, p= 0.584
YES 23 (5.81%) 11 (7.05%) 34 (6.16%)
NO 390 (98.48%) 152 (97.44%) 542 (98.19%)
Alcohol X2 (1, N=552)= 0.692, p= 0.405
YES 6 (1.52%) 4 (2.56%) 10 (1.81%)
) NO 357 (90.15%) 138 (88.46%) 495 (89.67%)
Diabetes X2 (1, N=508)= 4.188, p= 0.041
YES 6 (1.52%) 7 (4.49%) 13 (2.36%)
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RESULTS

A total of 552 patients (M-85, F-467) diagnosed as RA
who had their BMD examined were enrolled in the study.
Of these, 156 (M-28, F-128) patients had HT. Five hun-
dred three (M-250, F-253) healthy controls were enrolled
from routine health check-ups. As a group, the controls
were age matched with patients in the study. The DAS
scores in patients with RA and RA with coexisting HT
were not significantly different both in females and males
(p=>0.05) as measured by the unpaired t test (Table 2).
Chi square analysis showed that addictions were also
not significantly different in these two groups (Table 1).
Diabetes was significantly higher in RA with HT patients
(4.49%) versus RA patients (1.52%). However, since
the percentage of diabetic population was quite low, it
is unlikely to affect the overall BMD values of the study
population.

A separate analysis was done for men and women with
age matched controls.

Analysis of variance (ANOVA) tests were conducted
with age, BMI, mean T scores at femur neck, mean
T scores for Femur total and mean T scores for spine
as dependent parameters and diagnosis (controls, RA
and RA with hypertension) as fixed factor to understand

differences between the groups.

ANOVA results indicated that in females, overall signifi-
cant difference was seen in BMI [F (2, 711) = 104.492,
p<0.05], Mean T scores Femur neck [F (2, 713) =
149.878, p<0.05], Mean T scores Femur total [F (2,
700) = 164.243, p<0.05] and Mean T scores Spine [F
(2, 703) = 113.566, p<0.05] between controls, patients
with RA and patients of RA with coexisting HT (Table 2).
In males, overall significant difference was seen in Mean
BMI [F(2, 335)=41.935, p<0.05], Mean T scores Femur
neck [F(2, 335)=20.128, p<0.05], Mean T scores Femur
total [F(2, 333)=34.538, p<0.05], Mean T scores Spine
[F(2, 331)=19.579, p<0.05] between controls, patients
with RA and patients of RA with coexisting HT (Table 2).
The mean values of T scores at different sites are shown
in Figures 1 and 2.

Multiple linear regression analysis was done with T
scores as dependent and age, BMI, RA, RA with HT as
independent parameters for females and males. Linear
regression analysis suggested that the age had inverse
and BMI had direct correlation with BMD T scores in all
groups. The analysis also suggested that the diagnosis
of HT was also associated with higher BMD. Figures
from multiple regression analysis suggest that BMI alone

Table 2. T Scores at different sites in controls, patients with RA and patients with RA+HT.

Female

Controls RA RA with HT Total
N n =250 n =339 n=128 n=717
Mean Age 54.05 + 8.63 52.67 + 11.65 57.59 + 13.11 54,03 + 11.12
Mean BMI2b< 27.84 £ 4.76 22.36 + 4.52 26.66 + 5.3 25.05 + 5.39
Mean T Score Femur neck®>*° -1.183 £ 0.93 -25+0.94 -1.85 £ 1.04 -1.91+£1.13
Mean T Score femur total®b< -0.63 £ 1.05 -2.28 + 0.89 -1.54 £ 1.51 -1.57 £ 1.31
Mean T Score Spine®P< -1.35+1.42 -2.98 +1.16 -2.27 +1.34 -2.28 +1.48
DAS scores - 538 £ 1.64 512 +1.55

Male

Controls RA RA with HT Total
N n =253 n=>57 n=28 n =338
Mean Age 54.98 + 10.48 56.35 + 12.75 59.61 + 11.81 55.59 + 11.05
Mean BMI>© 26.31 + 3.67 21.42 + 3.49 26.41 £ 417 25.49 + 4.11
Mean T Score Femur neck?®° -1.19+0.96 -2.07 £0.82 -1.42 +1.16 -1.36 = 1
Mean T Score femur total 2° -0.88 £ 0.87 -1.96 £ 0.88 -1.1+£0.94 -1.08 + 0.96
Mean T Score Spine ° -1.09 £+ 1.27 -2.36+1.9 -1.59 £ 1.16 -1.34 £ 1.46
DAS scores - 481 +1.64 4,98 + 1.81 -

asignificantly different between control and RA; Psignificantly different between control and RA with HT; csignificantly

different between RA and RA with HT.
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Figure 1. KDE plots of T Scores versus density at different sites in controls, patients with RA and patients with RA+HT.

did not explain the higher T score values in HT patients
(Table 3).

DAS was not significantly different between patients with
RA and RA+HT.

DISCUSSION

That RA predisposes to bone loss is well known and
is confirmed by this study. However, more importantly,
this study suggests that the additional comorbidity of
HT partially negates the effect of RA on BMD. The BMD
values of hypertensive patients with RA are significantly
better than patients with RA, but lower than the controls.
Subset analysis based on gender showed only minor
differences as compared to the whole group. The be-
haviour of T scores in the female group was similar to
the behaviour of the total population. This was expected
since women formed 82.5% of the population. In males
with HT and RA, the T scores at spine and total femur
were significantly better than in males with RA alone but
were not significantly different from the controls. This
minor deviation on the male subset as compared to
the entire group could be due to the smaller number of
males in the group.

RA is well known to cause bone loss reflecting it in lower
BMD values."#'%'" This study confirms this previously
known fact. The incidence of HT is rising.'® As in the
general population, it’s incidence in rheumatologic dis-
eases is also expected to rise proportionately. Hence,
physicians should be aware of how these coexisting
morbidities like HT can affect bone density.

The reports of effects HT alone (without RA) on BMD
have been inconsistent. While a few studies have shown
a positive effect of HT on BMD,'® few have shown no
effect?®?! and some negative effect on BMD.??28 |n a
meta-analysis of nine studies, five studies suggested that
hypertensives had lower BMD than non-hypertensive
controls, while four studies suggested that hypertension
and BMD were unrelated.”

We did not find any study examining the effects of HT on
BMD in RA patients. To the best of our knowledge, this
is the first study to suggest that HT negates the effect of
RA on BMD.

Patients with hypertension and RA had a significantly
higher BMI as compared to patients with RA alone. BMI
has already shown to have positive correlation with BMD
parameters. 24#%This could be one mechanism by which

482



MEDITERRANEAN JOURNAL | 34
oF RHEUMATOLOGY | ozs

Figure 2. Scatter plot of BMI versus T Scores at different sites in controls, patients with RA and patients with RA+HT

the hypertensive patients in the group had higher BMD
parameters. However, in depth analysis showed that
this was not the only factor responsible for better BMD
parameters in hypertensive patients.

The effect of hypertension on bones seems to be
regulated through the renin angiotensin aldosterone
(RAAS) axis. While animal studies suggest that RAAS
stimulation has positive effects on bone metabolism,?®
human studies have shown varied results. The RAS was
found to be active locally in the inflamed synovial tissue
and ACEI was presumed to be helpful in reducing bone
loss.?” Albeit this, and more importantly, clinical studies
have shown opposite results. Use of ACE inhibitors was
suggested to increase bone loss in elderly American
men.2® Continuous use of ACE inhibitors for more than
4 years in elderly Chinese women was associated with
increased bone loss in total hip and femoral neck.? In
the Japanese Adult Health Study, patients taking long
term ACE inhibitors had an annual decline of 0.61% in
their BMD values even after adjustment of confound-
ing factors in their biennial follow ups.* In a study of
post-menopausal women by Carbone et al, use of RAAS
blockers, both ACE inhibitors and ARBs, have been
associated with increased risk of fragility fractures at
least in the first 3 years.®'Action of ACE inhibition in turn

could be mediated through its effect on inhibition of de-
hydroepiandrosterone (DHEA) production. DHEA is a sex
hormone which has an important role in bone anabolism.
ACE inhibitor use was associated with significantly lower
serum DHEA levels in older men.*232 The role of RAAS
activation has already been suggested and elaborated in
the pathogenesis of RA by Moeriera et al.®*In summary,
evidence of high RAAS in RA patients and deleterious
effects of RAAS inhibitors on bone density suggests that
hypertension may negate bone loss associated with RA
through this mechanism too.

Does hypertension predispose to fragility fractures?
The association between hypertension and BMD s still
unclear. A case control study including 124,655 fracture
cases and 373,962 age- and gender-matched controls
suggested that hypertension was associated with a
1.2-fold increase in risk of fractures.® Another Swedish
population-based study suggested that hypertension
increased the multivariable-adjusted hip fracture risk.%®
Recent data from the Dubbo Osteoporosis Epidemiology
Study indicated that a positive relationship between hy-
pertension and fracture risk, in women but not in men,
which however is independent of BMD.?' In the current
fracture risk assessment models (FRAX® or Garvan
Bone Fracture Risk Calculator), hypertension is still not
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Table 3. Summary of multiple linear regression.

TITLE

zgfaerl::af:: T Scores Spine T Scores Femur Neck T Scores Femur Total
Female
Model R? R2=0.341 R2=0.402 R2=0.436
Beta p Beta P Beta p
Age -0.267 < 0.05 -0.253 < 0.05 -0.228 < 0.05
BMI 0.192 < 0.05 0.252 < 0.05 0.297 < 0.05
RA -0.47 < 0.05 -0.492 < 0.05 -0.492 < 0.05
RA with HT -0.188 <0.05 -0.192 < 0.05 -0.214 < 0.05
Male
Model R? R2=0.156 R2=0.22 R?=0.252
Beta p Beta P Beta p
Age - 0.102 -0.164 < 0.05 - 0.785
BMI 0.251 < 0.05 0.326 < 0.05 0.334 < 0.05
RA -0.213 < 0.05 -0.171 < 0.05 -0.261 < 0.05
RA with HT -0.089 < 0.05 0.341 - 0.181
a recognized risk factor for osteoporotic fracture largely CONCLUSION

because of a lack of prospective studies. Higher BMI is
associated with stronger bones. Since this is one likely
mechanism of higher BMD values in hypertensive pa-
tients, it is possible that the bone quality in this subset is
indeed better and therefore may result in fewer fractures.
This is unlike in T2DM, where in spite of higher BMD val-
ues, the bone quality is postulated to be poor."? Hence,
prospective studies are needed to provide a definitive
answer about the significance of better BMD values in
hypertensive patients with RA to determine its impact on
fracture risk.

The higher measures could mean a true improvement in
the quality of the bone. Alternatively, it could also repre-
sent falsely elevated values of a weaker bone. Like in type
Il DM, falsely elevated BMD values could be due to the
difference in cortical and medullary bone densities.3":8
Hence, till the time future studies throw a light about the
mechanisms and till we have results from prospective
studies of fracture risk in hypertensive RA patients, the
BMD results read by DEXA scan in hypertensive patients
would be subject to suspicion. Also, in research studies,
addition of HT as comorbidity in RA patients could alter
the BMD resullts.

There are a few limitations to the study. Firstly, though the
relation of hypertension and BMD could be evaluated,
its relationship with the severity and duration of hyper-
tension could not be done. Secondly, it is possible that
antihypertensive medications could have altered some
values of BMD. The role of anti-hypertensive medications
could not be ascertained from our data.

This study suggests that as compared to RA patients,
coexisting HT and RA present with significantly higher
BMD measures. BMD as measured by DEXA scan in RA
patients could be compromised and these measures, in
this population should be read with caution. Whether the
improved BMD measures in these patients translate into
lower risk of fragility fractures needs to be investigated.
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