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Abstract

Background: Epidemiological observations suggest links between osteoporosis and the risk of acute cardiovascular events. Whether
the two clinical conditions are linked by common pathogenic factors or atherosclerosis per se remains incompletely understood. The
reduction of bone density and osteoporosis in postmenopausal women contributes to elevated lipid parameters and body mass index
(BMI).

Obijective: To investigate the relationship between serum lipid profile, BMI and osteoporosis in postmenopausal women.

Materials and Methods: A prospective analytical case control-study conducted in Khattoum north hospital at KKhartoum city, capital
of the Sudan from April 2017 to March 2018 after ethical approval obtained from the local Research Ethics Committee of Faculty
of Medical Laboratories, Alzacim Alazhary University on the committee meeting number (109) on Wednesday 15th February 2017. A
written informed consent was obtained from all participants to participate in the study.

Two hundred postmenopausal women were entolled in the study. The age was studied in one hundred osteoporosis postmenopausal
women as a case group and one hundred non-osteoporosis postmenopausal women as control group. The serum lipid profiles were
estimated using spectrophotometers (Mandry) and BMI calculated using Quetelet index formula. The data were analysed using SPSS
version 16.

Results: The BMI, serum total cholesterol, triglyceride, HDL and LDL in case group respectively were (24.846+2.1647,251.190£27.0135
mg/dl, 168.790 +45.774 mg/dl, 50.620 + 7.174 mg/dl, 166.868 £28.978 mg/dl). While the BMI, serum total cholesterol, triglyceride,
HDL and LDL in control group respectively were (25.378 £3.8115, 187.990 + 26.611 mg/dl, 139.360£20.290 mg/dl, 49.480 £4.659
mg/dl, 111.667 +28.0045 mg/dl). All serum lipid profiles significantly increased (p=0.000) in the case group compated to the control
group, except serum HDL was insignificant different between the case and control group and also BMI was insignificant different
between the case and control group. There was a positive Pearson’s correlation between BMD and serum total cholesterol (r= 0.832,
P<0.01), serum LDL (r = 0.782, P<0.01) and serum triglyceride (r = 0.72, P<0.01).

Conclusions: Osteoporotic postmenopausal women had a significant increase in serum lipid profile and BMI. Moreover, we found a
positive link between women with cardiovascular diseases and stroke.

Keywords: Osteoporosis; Postmenopausal women; Serum lipid profile; Sudan.

DOI: https://dx.doi.org/10.4314 /ahs.v22i3.43

Cite as: A/lfabal AO, Ali AE, Modawe GO, Doush WM. Association between serum lipid profile, body mass index and osteoporosis in postmenopansal
Sudanese women. Afri Health Sci. 2022;22(3). 399-406. https:/ | dx.doi.org/ 10.4314/ ahs.v22i3.43

Introduction
Corresponding author: Epidemiological studies suggested a relation between
Wael Mohialddin Ahmed Doush, cardiovascular diseases and osteoporosis.” > The intra-
Assistant Professor of General Surgery, Faculty of vascular deposition of lipids is a strong risk factor for
Medicine and Health Sciences, Omdurman Islamic cardiovascular disease. Studies evaluating the relation-
University, Department of Gastroenterological ship between lipid parameters and bone mineral den-
Surgery, Ibn Sina Specialized Hospital, sity (BMD) in healthy adults and those with metabolic
P.O.Box 7597, Khartoum 11123, Sudan. syndrome revealed inconsistent results.” * Most of these
Tel: +249124529752; studies were performed in women more than men, main-

(https:/ /creativecommons.org/licenses/BY/4.0), which permits unrestricted use, disttibution, and reproduction in any medium, provided the original work is propetly

- © 2022 Alfahal AO et al. Licensee African Health Sciences. This is an Open Access article distributed under the terms of the Creative commons Attribution License
cited.

399 African Health Sciences, Vol 22 Issue 3, September, 2022



5 ¢ Osteoporosis is one of the most

ly in adolescents.
common systemic skeletal disorders characterized by
micro-architectural changes and low bone mass which
increase the risk of bone fracture, (Figure 1).” The frac-
ture risk depends on bone strength, which is determined
by the bone quality and Bone Mineral Density (BMD).*
? Moreovet, osteoporosis is considered as a metabolic
bone disorder accompanied by low mass and weakness
of the bones. Plain x-ray images can help the clinicians
in the diagnosis of osteoporosis, (Figure 2). Some stud-
ies revealed a relationship between dyslipidaemia and low
bone mineral density; while other studies found no rela-
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Figure 1. Osteoporosis inside the femoral bone.

tionship between total serum cholesterol levels and bone
mineral density (BMD).'" Osteoporosis is a major health
problem in postmenopausal women and is associated
with a high risk of cardiovascular disease and stroke due
to raised atherogenic lipid levels."" Body weight is one of
the strongest positive predictors of bone mass. There is
a positive link between body weight and bone mass in all
age groups.'> "’ Because of the controversy in the previ-
ous studies and lack of data in Sudanese postmenopausal
women, we investigated the relationship between serum
lipid profile, BMI and osteoporosis in postmenopausal
women.

Osteoporosis

Figure 2: Plain X-ray image of right hip joint showed osteoporosis inside the head of femoral bone.
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Materials and Methods

This was a prospective analytical case-control hospi-
tal-based study conducted in Khartoum north hospital at
Khartoum city, capital of the Sudan from April 2017 to
March 2018. Two hundred postmenopausal women were
enrolled in this study. The age and sex matched, one hun-
dred osteoporosis postmenopausal women as the case
group and one hundred non-osteoporosis postmeno-
pausal women as a control group.

Inclusion and exclusion criteria

Postmenopausal women with an osteoporosis group and
postmenopausal women without osteoporosis group
were included in this study. Obese women, those with
malignant disease, diabetes mellitus, thyroid diseases,
parathyroid diseases, adrenal glands diseases, chronic
renal failure, inflammatory arthritis, statins usage in the
treatment of dyslipidaemia, corticosteroids, hormones
and diuretics for more than three months, secondary
osteoporosis due to endocrine diseases, gastrointestinal
tract diseases such as (Crohn’s disease, malabsorption),
peptic ulcer surgery, chronic liver disease and osteoporo-

sis induced by medications were excluded from the study.

Data collection and sampling

The blood samples were taken from a peripheral vein af-
ter twelve hours of fasting and were immediately cen-
trifuged at 4°C for 10 min to obtain serum. The fluo-
rescence was measured by automated spectrofluorometer
(Mandry, Germany) at 350 nm (Ex) / 420 nm (Em). The
obtained values with the usage of enzymatic methods
were ascribed the lipid profiles in the serum.

Data analysis

SPSS version 16 was used for data analysis. The data are
presented as the (mean * standard deviation). The t-test
was used to compare the lipid profile and BMI between
the study and control group. P-value of <0.05 was con-
sidered statistically significant

Results

The result data of BMI, serum total cholesterol, triglycer-
ide, HDL and LDL in case group and control group were
showed in (Table 1) respectively.

Table 1: Serum lipid profile among study population.

Parameters Case group
No.=100
BMI 24.846+-2.1647
T-CH 251.190+27.0135
TG 168.790 +45.774
HDL 50.620 +7.174
LDL 166.868 +28.978

In addition, all serum lipid profiles significantly increased
(p=0.000) in the case group compared to the control
group, except serum HDL was insignificant different be-
tween the case and control group and also BMI was in-
significantly difference between case and control group,
(Table 1). Pearson’s correlation showed a positive cor-
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Control group P-value
No.=100
25.378 £3.8115 0.226
187.990 +26.611 0.000
139.360+20.290 0.000
49.480 +£4.659 0.184
111.667 £28.0045 0.00

relation between BMD and serum total cholesterol (r=
0.832, P<0.01), (Figure 3). Also, the Pearson’s correlation
revealed a positive correlation between serum LDL and
BMI (r = 0.782, P<0.01), (Figure 4). In Pearson’s cor-
relation, there was a positive correlation between serum
triglyceride (r = 0.72, P<0.01), (Figure 5).
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Figure 3. Correlations between TC and BMD (r= 0.832, P<0.01).
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Figure 4: Correlation between LDL and BMD (r = 0.782, P<0.01).
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Figure 5: Correlation between TG and BMD (r = 0.72, P<0.01).

Discussion

Because of the controversy on the previous studies and
lack of data in Sudanese postmenopausal women, this
study investigated the relationship between serum lipid
profile, BMI and osteoporosis in postmenopausal wom-
en. Two hundred postmenopausal women were enrolled
in the study. One hundred osteoporosis postmenopausal
women as case group and one hundred non-osteoporosis
postmenopausal women as a control group. In this pres-
ent study, all serum lipid profile was significantly increased
in osteoporotic postmenopausal women compared to the
control group except serum HDIL showed the insignif-
icant difference between case and control group. Also,
BMI showed an insignificant difference between the case
and control group. Pearson’s correlation found a positive
correlation between BMD, total serum cholesterol (T'C),
serum LDL and serum triglyceride (T'G). Dyslipidaemia
has been associated with BMD in some studies, but oth-
er studies revealed no relationship between total serum
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cholesterol levels and bone mineral density."> A positive
association between atherosclerotic CVD and osteopo-
rosis was supported by epidemiological studies.'* " Re-
searchers also showed BMD in postmenopausal women
was quantitatively associated with high lipid levels in the
blood.!®*

This study disagrees with Li et al.'"" who reported that
HDL was positively correlated with postmenopausal os-
teoporosis, but not LDL, TG and TC. Moreover, Sivas et
al.’® supported this study and found a positive correlation
of LDL, TC and TG with postmenopausal osteoporo-
sis. Furthermore, our study disagrees with Wang et al."’
who reported that a negative correlation between LDL,
TC in postmenopausal osteoporosis, but there was no
significant correlation between HDL and TG in post-
menopausal osteoporosis. The dyslipidaemia increas-
es after menopause. A significant increase in TC, LDL,
and TG levels has been demonstrated. HDIL. data have

been controversial. Some authors indicated a lack of any
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change in HDL values, while others reported decreased
ot increased HDL levels.*”* Previously, TC was thought
to be associated with cardiovascular diseases and osteo-
porosis, and subsequent studies investigating the correla-
tion between TC, LDL, TG, and BMD were performed.
However, these studies yielded varying outcomes. Some
studies found no relationship between them, while others

reported a positive or negative correlation.”™

In this study the TC, LDL, TG levels were higher in the
control group compared with the osteoporotic group and
there is a positive correlation with BMD. Lipid disorders
have been associated with BMD in some studies.’! The
mechanism of this relationship may be directly related
to the cholesterol biosynthetic pathway which determines
cholesterol levels and contributes to the activity of the
osteoclast.” Beneficial effects of lipid reducing drugs
such as statins on BMD has been seen in most of pre-
vious studies.” " Furthermore, these findings proposed
the probable association between serum lipid profile and
BMD especially among patients with increased risk of
osteoporosis other than healthy persons.’ '®

Conclusions

Osteoporotic postmenopausal women had a significant
increase in serum lipid profile and BMI. Moreover, we
found a positive link between these women with cardio-
vascular diseases and stroke.

Acknowledgments

The authors would like to thank their colleagues and par-
ticipants in this study for their kind suggestions and un-
limited support.

Ethics approval and consent to participate

The study received no grant funding and our research
complies with the guidelines for human studies and was
conducted ethically in accordance with the World Medi-
cal Association Declaration of Helsinki. Ethical approval
was obtained from the local Research Ethics Committee
of Faculty of Medical Laboratories, Alzaeim Alazhary
University on the committee meeting number (109) on
Wednesday 15th February 2017. A written informed con-
sent was obtained from all participants to participate in
the study.

Conflict of interest
The authors declare that they have no conflict of interest.

African Health Sciences, Vol 22 Issue 3, September, 2022

Funding sources
There is no financial support and sponsorship from any
institute.

Author contributions

WMD is responsible for original article manuscript draft-
ing and critical revision of contents. AOA, AEA and
GOM are responsible for data collection, data analysis
and manuscript design. WMD and GOM are responsible
for manuscript drafting and revision. All authors read and
gave the final approval of the manuscript to be published.

Abbreviations

BMI: body mass index;

BMD: bone mass density;

CVD: cardiovascular disease;

HDL.: high density lipoprotein;

LDL: low density lipoprotein;

TC: total cholesterol;

TG: triglyceride;

SPSS: statistical package for social sciences.

ORCID
Dr.Wael Doush
5255

https://otcid. org/0000-0002-4099-

References

1. Kiel DP, Kauppila LI, Cupples LA, Hannan M T, O'don-
nell CJ, Wilson PW. Bone loss and the progression of
abdominal aortic calcification over a 25-year period: the
Framingham heart study. Calefied Tissue International 2001;
68(5):271-276. https://doi.org/10.1007/BF02390833
2. McFarlane SI, Muniyappa R, Shin JJ, Bahtiyar G, Sow-
ers JR. Osteoporosis and cardiovascular disease: brittle
bones and boned arteries, is there a link? Endocrine 2004,
23 (1):1-10. https://doi.org/10.1385/ENDO:23:1:01

3. Lawlor DA, Sattar N, Sayers A, Tobias JH. The associa-
tion of fasting insulin, glucose, and lipids with bone mass
in adolescents: findings from a cross-sectional study.
The Journal of Clinical Endocrinology & Metabolism 2012,
97(6):2068-2076. https://doi.org/10.1210/jc.2011-2721
4. Xue P, Gao P, Li Y. The association between meta-
bolic syndrome and bone mineral density: a meta-anal-
ysis. Endocrine 2012; 42:546-554 PubMed . https://doi.
org/10.1007/s12020-012-9684-1

5. Wu LY, Yang TC, Kuo SW, et al. Correlation be-
tween bone mineral density and plasma lipids in Tai-
wan. Endocrine Research 2003; 29(3):317-325. https://doi.
org/10.1081/ERC-120025039

404



6. Dennison EM, Syddall HE, Aihie Sayer A, Martin
H]J, Cooper C. Lipid profile, obesity and bone mineral
density: the Hertfordshire cohort study. Journal of the as-
sociation of physicians 2007; 100(5):297-303. https://doi.
org/10.1093/gjmed/hecm023

7. Hennemann A. Osteoporosis: prevention, diagnosis
and therapy. Med Monatsschr Pharm 2002; 25(5):164-167.
8. Diab DL, Watts NB. Diagnosis and treatment of os-
teoporosis in older adults. Endocrinology and Metabolism
Clinies 2013; 42(2):305-317.  https://doi.org/10.1016/].
ecl.2013.02.007

9. Oleson CV, Morina AB. Causes and risk factors of os-
teoporosis. In: Osteoporosis Rebabilitation 2017 (pp. 5-14).
Springer, Cham. https://doi.org/10.1007/978-3-319-
45084-1_2

10. Orozco P. Atherogenic lipid profile and elevated lipo-
protein (a) are associated with lower bone mineral densi-
ty in early postmenopausal overweight women. Ewropean
Journal of Epidemiology 2004; 19(12):1105-1112. https://
doi.org/10.1007/510654-004-1706-8

11. Makovey ], Macara M, Chen JS, Hayward CS,
March L, Sambrook PN. High osteoporotic fracture
risk and CVD risk co-exist in postmenopausal women.
Bone 2013; 52(1):120-125. https://doi.org/10.1016/j.
bone.2012.09.025

12. Hannan MT, Felson DT, Anderson JJ. Bone miner-
al density in elderly men and women: results from the
Framingham osteoporosis study. Journal of Bone and Miner-
al Research 1992; 7(5):547-553. https://doi.org/10.1002/
jbmr.5650070511

13. Nguyen TV, Sambrook PN, Eisman JA. Bone loss,
physical activity, and weight change in elderly women: the
Dubbo osteoporosis epidemiology study. Journal of Bone
and Mineral Research 1998; 13(9):1458-1467. https://doi.
org/10.1359/jbmr.1998.13.9.1458

14. Buizert PJ, van Schoor NM, Lips P, Deeg D], Eek-
hoff EM. Lipid levels: a link between cardiovascular
disease and osteoporosis? Journal of Bone and Mineral Re-
search 2009; 24(6):1103-1109. https://doi.org/10.1359/
jbmr.081262

15. Lian XTI, Zhang YP, Li X, Jing LD, Cairang ZM, Gou
JQ. Exploration on the relationship between the elderly
osteoporosis and cardiovascular disease risk factors. Eur
Rev Med Pharmacol Sci 2017; 21(19):4386-4390.

16. Orozco P. Atherogenic lipid profile and elevated lipo-
protein (a) are associated with lower bone mineral densi-
ty in early postmenopausal overweight women. Ewropean

405

Journal of Epidemiology 2004; 19 (12):1105-1112. https://
doi.org/10.1007/s10654-004-1706-8

17. Li S, Guo H, Liu Y, et al. Relationships of serum lip-
id profiles and bone mineral density in postmenopausal
Chinese women. Clinical Endocrinology 2015; 82 (1):53-58.
https://doi.org/10.1111/cen.12616

18. Sivas I, Alemdaroglu E, Elverici E, Kulug T, Ozoran
K. Serum lipid profile: its relationship with osteoporotic
vertebrae fractures and bone mineral density in Turkish
postmenopausal women. Rbeumatology International 2009;
29(8):885-890. https://doi.org/10.1007 /s00296-008-
0784-4

19. Wang J, li Xm, hong y. The study of correlation be-
tween serum adiponectin and the levels of lipid metab-
olism and bone metabolism biochemical marker in post-
menopausal osteoporosis. | Pract Obstet Gynecol 2014; 30:
828-830 PubMed .

20. Ramos RG, Olden K. The prevalence of metabol-
ic syndrome among US women of childbearing age.
American Journal of Public Health 2008; 98(6):1122-1127.
DOI1:10.2105/AJPH.2007.120055

21. Davis CE, Pajak A, Rywik S, Williams DH, Broda
G, Pazucha T, Ephross S. Natural menopause and car-
diovascular disease risk factors The Poland and US col-
laborative study on cardiovascular disease epidemiology.
Annals of Epidemiology 1994; 4(6):445-448. https://doi.
org/10.1016/1047-2797(94)90003-5

22. Bonithon-Kopp C, Scarabin PY, Darne B, Malmejac
A, Guize L. Menopause-related changes in lipoproteins
and some other cardiovascular risk factors. International
Journal of Epidemiology 1990; 19 (1):42-48. https://doi.
org/10.1093/ije/19.1.42

23. Poehlman ET, Toth MJ, Ades PA, Rosen CJ. Meno-
pause-associated changes in plasma lipids, insulin-like
growth factor I and blood pressure: a longitudinal study.
European Journal of Clinical Investigation 1997;27(4):322-326.
https://doi.org/10.1046/7.1365-2362.1997.1160662.x
24. Matthews KA, Meilahn E, Kuller LH, Kelsey SF, Cag-
giula AW, Wing RR. Menopause and risk factors for cor-
onary heart disease. New England Journal of Medicine 1989;
321(10):641-646.DOI1:10.1056/NEJM198909073211004
25. WU Z, WU X, Zhang Y. Relationship of menopausal
status and sex hormones to serum lipids and blood pres-
sure. International Journal of Epidemiology 1990; 19 (2):297-
302. https://doi.org/10.1093/ije/19.2.297

26. Yamaguchi T, Sugimoto T, Yano S, et al. Plasma lipids
and osteoporosis in postmenopausal women. Endocrine

African Health Sciences, Vol 22 Issue 3, September, 2022



Journal 2002; 49 (2):211-217. https://doi.org/10.1507/
endocrj.49.211

27. Samelson EJ, Cupples LA, Hannan MT, et al. Long-
term effects of serum cholesterol on bone mineral density
in women and men: the Framingham osteoporosis study.
Bone 2004; 34(3):557-561.  https://doi.org/10.1016/j.
bone.2003.11.024

28. Adami S, Braga V, Zamboni M, Gatti D, Rossini M,
Bakri ], Battaglia E. Relationship between lipids and bone
mass in 2 cohorts of healthy women and men. Calified
Tissue International 2004; 74(2):136-142.  https://doi.
org/10.1007/s00223-003-0050-4

29. Brownbill RA, Ilich JZ. Lipid profile and bone par-
adox: higher serum lipids are associated with higher
bone mineral density in postmenopausal women. Jour-
nal of Women's Health 2006; 15(3):261-270. https://doi.
org/10.1089/jwh.2006.15.261

30. Tanko LB, Bagger YZ, Nielsen SB, Christiansen C.

Does serum cholesterol contribute to vertebral bone

African Health Sciences, Vol 22 Issue 3, September, 2022

loss in postmenopausal women? Bone 2003; 32(1):8-14.
https://doi.org/10.1016/88756-3282(02)00918-3

31. Hernandez JL, Olmos JM, Romana G, et al. Bone
mineral density in statin users: a population-based analy-
sis from a Spanish cohort. Journal of Bone and Mineral Me-
tabolism 2014; 32(2):184-191.  https://doi.org/10.1007/
s00774-013-0481-6

32. Bauer DC. HMG CoA reductase inhibitors and the
skeleton: a comprehensive review. Ostegporosis International
2003; 14(4):273-282. https://doi.org/10.1007/s00198-
002-1323-x

33. Wada Y, Nakamura Y, Koshiyama H. Lack of positive
correlation between statin use and bone mineral density
in Japanese subjects with type 2 diabetes. Archives of inter-
nal medicine 2000; 160(18): 2865.

34. Prasad GR, Chiu R, Nash MM, Zaltzman JS. Statin use
and bone mineral density in renal transplant recipients.
American Journal of Transplantation 2003; 3(10):1320-1321.
https://doi.org/10.1046/j.1600-6143.2003.00209.x

406



