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Introduction: The ongoing repercussions of the COVID-19 pandemic include potentially deleterious impacts on bone health.
Aim: This research aimed to ascertain the effects of COVID-19 on the bone health of obese and non-obese Indian individuals.
Methods: We executed a case-control study enrolling individuals who recovered from COVID-19. Participants were stratified into
obese and non-obese groups based on their BMI. Comprehensive assessments encompassed anthropometric evaluations, laboratory
tests, and bone mineral density (BMD) measurements using dual-energy X-ray absorptiometry (DEXA).

Results: From April to July 2022, we enrolled obese (n = 27, mean BMI = 30.54 + 4.51 kg/m 2) and non-obese (n = 23, mean BMI =
21.97 £ 2.20 kg/m 2) individuals. The cohort’s average age was 36.08 £ 15.81 years, with a male-to-female ratio of 1.6:1. There was
a difference in BMD, especially at the total hip, between the two groups. BMD at the spine (L1-L4), the neck of the femur, and ultra-
distal radius were consistent across both groups. Weight exhibited a significant positive correlation with BMD at L1-L4 (r = 0.40, p =
0.003) and the left femur total (r = 0.27, p = 0.001). Haemoglobin levels were lower in the obese group compared to their non-obese
counterparts (12.3 + 2.0 vs 13.6 + 1.9, p = 0.01). Multivariate analysis underscored weight as a crucial predictor for BMD at the spine
(L1-L4, p = 0.003) and total hip (p = 0.001).

Conclusion: Even with advanced age, obese post-COVID-19 individuals demonstrate a higher bone mineral density (BMD) at the hip
than non-obese subjects.
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Introduction

COVID-19, triggered by the coronavirus, wreaked global chaos. As of November 2023, the pandemic has resulted in
seven million fatalities." The disease has been categorized into two phases to enhance management strategies: Acute
COVID-19 and Chronic COVID-19 (also known as Long COVID). The burden of long COVID is increasing day by day
as most of the patients progress in the long COVID phase of the COVID 19.> The most common manifestations of the
long COVID syndrome are fatigue, muscle pain, headache, brain fogginess, and autonomic dysfunction.** COVID-19
was linked to significant health impacts due to its influence on the immune system.” This disease triggered an abnormal
immune response known as cytokine release syndrome, leading to multi-organ dysfunction, especially in the lungs, blood
vessels, and heart. This syndrome was particularly severe in patients with co-morbidities such as diabetes, obesity,
chronic kidney disease, and hypertension.® Among these, obesity was the most common co-morbidity linked to
complications from COVID-19. Research has indicated that obesity can affect bone health in various ways. For instance,
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the mechanical loading on the hip and spine, increased levels of IGF-1, and higher production of oestradiol in body
tissues contribute to bone protection. Conversely, factors like hypogonadism, increased inflammation, and a sedentary
lifestyle are associated with bone loss.” ' Post-COVID-19 bone loss is linked to severity, steroid use, hypogonadism,
vitamin D deficiency, and inactivity. SARS-CoV2 entered cells via ACE 2 receptors during acute COVID-19.
Downregulation of ACE 2 increased Angiotensin-2, a potent proinflammatory molecule. Angiotensin 2 increases
E and P selectin, IL-8, CCL-2, and 5 expressions.>”"'" Angiotensin 2 and inflammatory cytokines increased osteoblast
RANKL expression. RANK and RANKL activation caused bone loss by activating osteoclasts. This caused bone loss
after months of recovery from the acute COVID-19.'%!3

Data concerning the interplay of obesity and bone mineral density in post-COVID patients is scarce. In this case-
control study, we aimed to assess the bone mineral density in patients who recovered from acute COVID-19. We also
tried to assess the effect of obesity on bone mineral density.

Methodology

From April 2022 to July 2022, we conducted a case-control study at the National Institute of Medical Sciences Hospital
in Jaipur, Rajasthan, India. The medical record section searched for data on COVID-19 patients (n=4000) who were
discharged from the COVID-19 acute care facility. We called the eligible patients and asked them to come to the
outpatient department of medicine. One hundred sixty-six patients agreed to come for a screening visit out of 400 who
were found to be eligible. Ninety-two consented to take part in the study out of a total of 166.

Study Population

Data Review and Study Recruitment
The files of individuals admitted to the NIMS hospital’s acute COVID care facility and discharged without oxygen support
were reviewed. The study’s eligibility was determined using the following criteria. Patients over the age of 18 who had
a positive RT PCR test at the time of admission were included. Patients who had malignancy, chronic gastrointestinal diseases,
chronic kidney disease, chronic liver disease, or who were taking drugs that could impair bone health were excluded.

The ethical approval was obtained from the NIMS Institutional Ethics Committee (approval number—-NIMSUR/IEC/
2022/252). Figure 1 provides the details on patients included in the study.

Evaluation at the Out-Patient Department of the General Medicine

We assessed these patients in the outpatient medicine department. Weight, height, waist circumference, hip circumfer-
ence, and waist-to-hip ratio were measured to calculate BMI. Underweight and normal weight were categorized as “non-
obese” (BMI: 18.5-22.9) and overweight and obese as “obese” (BMI > 23).

Bone Mineral Density Assessment

Before sending these individuals for bone mineral density, all precautions were explained (Stop taking calcium supplements
24 hours before the DEXA scan; wear loose-fitting, comfortable clothes without metal zippers, belts, or buttons, and remove
any jewellery). The Lunar Prodigy Advance DXA System measured bone mineral density (GE Healthcare). Lumbar vertebrae
(L1-L4), left femur neck, left femur total, and left forearm ultra-distal radius BMD and BMC were measured. Right hip BMD
was used if left femur BMD was unavailable. BMC (Bone Mineral Content) was calculated by summing the product of area
and pixel value (density) for each pixel in the region of interest. The area was determined from the number of pixels within the
bone’s defined edges. BMD (Bone Mineral Density) was then calculated by dividing the BMC by area.

Lab Investigations

We did a complete blood count (Auto Haematology Analyzer, BC-6200, Mindray Bio- Medical Electronics, Shenzhen,
China) to see the haematological markers of the inflammation. To assess the inflammation, Serum C-reactive protein
(CRP) was measured (model Elite 580, Erba Mannheim Germany). Serum calcium and serum phosphate were also
assessed (model Elite 580, Erba Mannheim Germany).
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Figure | Comparative Analysis of Anthropometric Measurements in Obese and Non-Obese Participants. The figure illustrates the differences in Height (p = 0.075), Weight
(p <0.001), BMI (p = <0.001), waist circumference (p = <0.001), Hip circumference (p = <0.001), and WHR (p = 0.740) between the two groups. p value < 0.05 are
considered statistically significant and marked in bold.

Statistical Analysis

Patient characteristics are presented as the number and percentages for categorical variables explore any underlying
factors contributing variables. Pearson’s chi-squared test was used for the relationship between categorical variables. The
correlation between BMI and BMD was analysed separately for the obese and non-obese groups using Pearson’s
correlation coefficient (r) for normally distributed data. All statistical tests were two-sided, and a p-value of less than
0.05 was considered statistically significant. Statistical analyses were performed using a statistical software package (eg,
SPSS version 28, IBM Corp., Armonk, NY, USA).

Results

Fifty individuals could complete the entire study from the initial seventy individuals who agreed to participate. Twenty
patients were excluded due to various reasons (8 patients did not agree to BMD due to fear of radiation, three patients
were found to have a pregnancy, and five patients took drugs that can affect bone mineral density: 3 took steroids, 2 took
diuretics), four patients developed diseases (diabetes-2, ILD-1, RA-1).

Demographics

The average age of the study population was 36.08 + 15.81 years (range 18—70 years). In the study, the male: female ratio
was 1.6:1. Twenty-seven of the fifty individuals were categorized as obese (mean BMI = 30.54 + 4.51 kg/m2) and
twenty-three as non-obese (mean BMI = 21.97 + 2.20 kg/m?2). This means obese patients were more common than non-
obese patients. The anthropometric data are compared in Figure 1. Obese individuals were older than non-obese
participants (41.48 + 18.28 vs 29.74 + 9.14 years, p = 0.006). The demographic details are shown in Table 1.

Lab Investigations
The serum calcium was 9.1 + 0.57 mg/dl (8.0-10.5). Serum phosphorus was 3.6 + 0.7]1 mg/dl (range-2.2-5.4).
The median serum CRP was 1.4 mg/dl (IQR-0.74 to 6.5). Obese patients had similar serum calcium,
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Table | Demographic Characteristics of the Study Cohort: A Comparative Analysis Between 27 Obese and 23
Non-Obese Participants

Overall Obese (27) Non-Obese (23) p-value*
Demographic parameters
Age (years) [mean * SD] [36.08 + 15.81] [41.48 + 18.28] [29.74 + 9.14] 0.006
Gender 0.029
Male 31 (62%) 13 (48.14%) 18 (78.26%)
Female 19 (38%) 14 (51.85%) 5 (21.73%)
Others 0 (0%) 0 (0%) 0 (0%)
Smoking 0.084
Yes 19 (38%) 4 (14.81%) 15 (65.22)
No 31 (62%) 23 (85.18%) 8 (34.78)
Tobacco intake 0.099
Yes 12 (24%) 4 (14.5%) 8 (34.78%)
No 38 (76%) 23 (85.18%) 15 (65.21%)

Notes: *p-value was calculated between obese and non-obese groups, statistically significant at <0.05. Significant values are marked in bold.

phosphorus, and C-reactive protein, suggestive of no excess inflammation in the obese group but lower
haemoglobin than non-obese (12.3 + 2.0 vs 13.6 £ 1.9, p = 0.01). The haematological and biochemical

parameters are shown in Table 2.

Table 2 Comparison of Hematological and Biochemical Laboratory Parameters Between Obese and Non-Obese

Participants
Overall Obese (27) Non-Obese (23) p-value*

Biochemistry Investigations

Serum CRP (mg/l) [10.19 £ 32.62] [444 £ 521] [16.94 + 47.44] 0.222
Serum calcium (mg/dl) [9.13 £ 0.57] [9.23 £ 0.57] [9.00 £ 0.55] 0.167
Serum sodium (mmol/L) [142 £ 2.96] [141.73 £ 3.02] [142.33 + 2.92] 0.477
Serum phosphate (mg/dl) [3.67 £0.71] [3.69 £ 0.69] [3.67 £ 0.74] 0.929
Serum potassium (mmol/L) [4.38 £ 0.42] [4.43 £ 0.43] [4.33 £ 0.40] 0.426
Serum chloride (mmol/L) [103.48 + 3.02] [103.36 + 3.27] [103.62 + 2.78] 0.767
Hematological Investigations

Hemoglobin (g/dl) [12.86 + 2.09] [12.34 £ 2.01] [13.68 +1.98] 0.023
Eosinophils (%) [3.32 £ 2.15] [3.21 £ 1.96] [3.46 + 2.38] 0.696
Basophils (%) [0.33 £ 0.18] [0.36 + 0.22] [0.29 £ 0.19] 0.188
Neutrophils (%) [57.32 £ 9.96] [56.60 + 10.14] [58.17 £ 9.91] 0.584
Platelets (x[073/uL) [224.98 + 83.01] [233.89 £ 95.20] [214.52 + 68.62] 0.409
Lymphocytes (%) [34.41 £ 7.33] [35.58 £ 8.03] [33.03 £ 6.31] 0.216

Notes: *p-value was calculated between obese and non-obese groups, statistically significant at <0.05. Significant values are marked in bold.
Abbreviation: CRP, C reactive protein.
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Baseline Bone Mineral Density
Obese patients have more bone mineral density at the total hip (1.06 £ 0.12 vs 0.97 + 0.10, p = 0.010). There was no

difference in the BMD at the spine (L1-L4), neck of femur, and ultra-distal radius in the obese and non-obese groups.
This comparison of the BMD at different anatomical sites is shown in Figure 2.

Bone Mineral Density and Its Determinants

The weight correlated positively with the L1-L4 BMD (g/cm2) (1-0.40, p = 0.003) and left femur total BMD (1-0.27, p = 0.001).
This is shown in Figure 2. Left femur neck BMD positively correlated with weight (r-0.28, p = 0.047). The correlation of the
weight with the BMD at different anatomical sites is shown in Figure 3. The BMD at total hip showed a negative correlation with
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Figure 2 Comparative Analysis of Bone Mineral Density (BMD) in Obese and Non-Obese Participants. This figure depicts the differences in BMD measurements at specific
anatomical sites: Lumbar Spine (L1-L4), Left Neck of Femur, Left Total Hip, and Distal Radius. Notably, obese participants exhibited higher BMD values at the Left Total Hip.
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Figure 3 Scatter plots with linear regression lines showing the correlation of weight with bone mineral density (BMD) at specific anatomical sites. The figure displays the
relationship between weight and BMD measurements at the lumbar spine (L1-L4), left neck of the femur, left total Hip, and distal radius. A positive correlation was observed
between weight and BMD at LI-L4 (r = 0.40, p = 0.003) and with left total Hip BMD (r = 0.27, p = 0.001).
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the CRP (r-0.26, p = 0.06). Left femur neck BMD positively correlated with height (r-0.33, p = 0.02). In the multivariate stepwise
analysis using BMD at the spine (L1-L4) as a dependent variable and age, CRP, weight, and waist-hip ratio as independent
variables, weight was a significant predictor (p = 0.003). Similarly, weight was the only predictor of BMD at total hip (p =0.001)

in the multivariate analysis.

Discussion

Our investigation sought to elucidate the relationship between bone mineral density (BMD) and prior COVID-19
infection, especially in obese patients. We used a dual-energy absorptiometry scan to evaluate the bone mineral density.
Our study provided some significant findings.

One of our key findings was the pronounced age difference between obese and non-obese groups. The mean age for
the obese cohort was significantly higher at 41.5+18.2 years compared to the non-obese group at 29.8 + 9.1 years
(p-value 0.006). We deliberately chose not to randomize our dataset, believing that retaining its real-world structure
would better reflect the genuine trajectory of obesity over time. This age disparity may be concordant with the previously
published research and attributed to the natural increase in fat mass (approximately 1% per decade) due to sedentary
habits, hormonal shifts, and perturbations in fat regulation mechanisms.'*'

An interesting demographic trend also emerged from our study, pointing to the disparate prevalence of obesity
between genders. The gender ratio in the obese group was more balanced at 48.15% male to 51.85% female,
contrasting with the predominantly male non-obese group (78.26% to 21.73%). High proportions of females in the
obese group can explain the BMI difference in the obese and non-obese groups. This is concordant with the previous
study, “Family Health Survey 57, from Jaipur, where the prevalence of abdominal obesity was found to be higher in
females (40% vs 12%).'® Such gender disparities might be rooted in cultural norms; particularly in India. For instance,
domestic responsibilities predominantly rest on women, and cultural barriers might limit their opportunities for
physical activity.

An important observation from our study was the higher BMD at the total hip in obese participants, even though they
were older and had an unequal (more females) gender distribution. The BMD readings at the spine (L1-L4) and ultra-
distal radius remained relatively consistent between the two cohorts. The correlation between obesity and BMD is
a nuanced and debated study area. Dr. Beck et al studied hip BMD and geometry about BMI among postmenopausal non-
Hispanic whites from the WHI-OS. While heavier women had stronger femurs, the strength increase was not propor-
tionate to weight. One might assume heavier women would have more hip fractures. However, data from 78,013 NHW
women showed hip fracture incidents decreased as BMI increased. This highlights the complex relationship between
obesity and bone health.'”

BMI and obesity can serve as a protective factor for bone health. Such protective effects can be ascribed to increased
mechanical loading on bones, elevated osteocyte signalling, intensified estrogen production, diminished synthesis of
SHBG, and hyperinsulinemia.'® %"

This was supported by a meta-analysis, which employed a random-effect model with the inverse-variance method and
showed that postmenopausal women with obesity had a 25% and 15% reduced risk for hip and wrist fractures,
respectively.?! While obesity may confer BMD benefits the hip and spine; its influence is negligible at the radius, likely
due to the Latter’s minimal exposure to mechanical stress.

In our study, the obese patients had lower haemoglobin than the non-obese patients. This can be due to the gender
proportions (the obese group had more females than the non-obese). The other possible cause is the iron deficiency
associated with obesity.

The study analysed the influence of obesity on bone mineral density in a post-COVID population, offering timely
insights given the global relevance of COVID-19’s aftermath. A strength lies in its utilization of anthropometry data,
ensuring a thorough assessment of participants. However, the small sample size, likely due to COVID-related apprehen-
sions, poses generalizability concerns. A more extended follow-up period and inclusion of body fat analysis would have
further enriched the study’s depth and scope.
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Conclusions

Our study revealed that post-COVID obese individuals, despite being older, exhibited a higher bone mineral density
(BMD) at the hip compared to non-obese counterparts. These findings challenge the perceived association between
obesity, inflammation, and reduced BMD post-COVID.
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