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3.  Timeline:
Data analysis and manuscript preparation will be done in the next 12 months.

4. Rationale:

Bone fracture is a major public health concern associated with increased mortality, disability,
and health care costs'>3, In the United States, the incidence of osteoporosis-related fracture is
predicted to increase from 2.1 million in 2005 to 3 million in 2025 due to the growing elderly
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population®. Since a number of fracture cases are considered preventable, identification of risk
factors is crucial to implement early preventive interventions (e.g., osteoporosis treatment and
non-pharmacological interventions) in those at high risk®. Furthermore, if risk factors are
modifiable, such knowledge may unravel a novel preventive target to reduce the risk of fracture.

Electrolytes are essential for mineral and bone metabolism and may be relevant to the risk
of fracture. Calcium and phosphate are the main components of bone in the form of matrix and
hydroxyapatite [Cai0(PO4)s(OH)2]), and affect bone turnover primarily through the regulation of
endocrine hormones such as fibroblast growth factor 23 (FGF23) and parathyroid hormone
(PTH)®’. A study combining data from the Dutch Rotterdam Study and the US Osteoporotic
Fractures in Men study (MrOS) reported that higher levels of serum phosphate were associated
with the risk of fracture,*® although the study population mostly consisted of people of Caucasian
ancestry.

Further, evidence from in vitro and animal studies suggests that other electrolytes such as
sodium, potassium, and magnesium also interact with bone metabolism®!! and can affect bone
mass*?. Previous studies have examined serum magnesium** or sodium level®® and the risk of
fracture, but both study populations were comprised exclusively of Caucasian men, and neither
study accounted for mineral and bone markers (e.g., FGF23, and PTH). To our knowledge, no
study has investigated the association of multiple components of serum electrolytes with the risk
of fracture in a racially diverse cohort.

In this proposal, we will explore whether baseline serum levels of sodium, potassium,
magnesium, calcium, and phosphate are associated with the incidence of hospitalization with
fracture using data from the Atherosclerosis Risk in Communities (ARIC) Study.

5. Main Hypothesis/Study Questions:
Electrolyte imbalances are independently associated with risk of fracture.

6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of
interest with specific reference to the time of their collection, summary of data analysis,
and any anticipated methodologic limitations or challenges if present).

Study Design: Prospective cohort analysis beginning at ARIC visit 2 (main analysis: Analysis 1)
and visit 5 (secondary analysis: Analysis 2).

Inclusion/Exclusion Criteria: Analysis 1 will include all ARIC study participants who attended
visit 2 when serum electrolyte levels and other covariates of interest were measured. Since the
risk of fracture is particularly high in older adults, Analysis 2 will include participants who
attended visit 5 to examine the association of interest among older cohort. We will exclude
individuals with a history of fracture prior to visit 2 (Analysis 1) and visit 5 (Analysis 2), as
appropriate, and non-black/non-white participants.

Exposures: Exposures of interest will be serum levels of sodium (Na), potassium (K),
magnesium (Mg), calcium (Ca), and phosphate (P).
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Outcome: Primary outcome will be fractures requiring hospitalization. These events will be
ascertained using the International Classification of Diseases, 9" revision, Clinical Modification
(1CD-9-CM), codes on hospital discharge records regardless of diagnostic position (Table 1). We
will include fractures identified by the presence of ICD-9-CM codes 733.1x, 733.93 to 733.98, or
800 to 829. We will exclude fractures associated with transport accidents (E800-848), fractures
of toes, finger, and skull or face (ICD-9-CM codes 733.94, 800, 801, 802, 803, 815, 816, 817,
825, or 826)%. Since the ARIC Study transitioned to ICD-10-CM codes starting November 1,
2015, these ICD-9-CM codes will be converted to ICD-10-CM using the General Equivalence
Mappings (GEMs) developed by the Centers for Medicare & Medicaid Services?’.

Table 1: ICD-9-CM codes relevant to fracture

ICD-9CM

733.1x Pathologic fracture

733.93-733.98 Stress fracture

804 Multiple fractures involving skull or face with other bones

805 Fracture of vertebral column without mention of spinal cord injury

806 Fracture of vertebral column with spinal cord injury

807 Fracture of rib(s) sternum larynx and trachea

808 Fracture of pelvis

809 I1l-defined fractures of bones of trunk

810 Fracture of clavicle

811 Fracture of scapula

812 Fracture of humerus

813 Fracture of radius and ulna

814 Fracture of carpal bone(s)

818 I1l-defined fractures of upper limb

819 Multiple fractures involving both upper limbs and upper limb with rib(s)
and sternum

820 Fracture of neck of femur

821 Fracture of other and unspecified parts of femur

822 Fracture of patella

823 Fracture of tibia and fibula

824 Fracture of ankle

827 Other multiple and ill-defined fractures of lower limb

828 Multiple fractures involving both lower limbs lower with upper limb and
lower limb(s) with rib(s) and sternum

829 Fracture of unspecified bones

Other variables of interest and covariate: Covariates will include age, sex, race, body mass index
(BMI), smoking status (current vs. former/never), alcohol consumption (current vs.
former/never), diabetes, hypertension, postmenopausal status (in women), prevalent coronary
heart disease, specific medication use (glucocorticoids, antidepressants, thiazide diuretics,
bisphosphonates, loop diuretics, hormone replacement therapy [in women], benzodiazepines,
proton pump inhibitors, and thiazolidinedione, see Table 2), estimated glomerular filtration rate
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(eGFRcy; calculated using the CKD-EPI [CKD epidemiology Collaboration] 2009 equation),
serum albumin, 25-hydroxyvitamin D, PTH, and FGF23.

Table 2: Medication codes

Medication name

Relevance to fracture risk

Medication code

Glucocorticoids

Trisk of fracture

220000, 221000

Antidepressants

Trisk of fracture via fall

580000, 581000, 581600,
582000, 583000

Thiazide diuretics INa, K, Mg level 376000
Bisphosphonates Lrisk of fracture 300420
Loop diuretics LK, Mg level 372000

Menopausal hormonal therapy

Lrisk of fracture

240000, 249900, 249930

Benzodiazepines

1risk of fracture via fall

571000, 602010, 721000

Proton pump inhibitors

Trisk of fracture, |[Mg
level

492700

Thiazolidinediones

Trisk of fracture

276070

Statistical Analysis Plan: Baseline characteristics will be compared by Na, K, Ca, Mg, and P
categories using chi-square tests for categorical variables and ANOVA for continuous variables.
The level of electrolytes will be treated as categorical variables, according to quintiles, and the
middle quintiles of each electrolyte will be set as a reference group. We will also treat these
variables as continuous variables. For both Analysis 1 and Analysis 2, we will estimate the
cumulative incidence of fracture using Kaplan Meier curves. We will estimate hazard ratios
(HRs) by using multivariable Cox proportional hazards models. We will test the following three
models. Model 1 will be adjusted for age, gender, and race*center. Model 2 will be further
adjusted for BMI, smoking status (current vs. former/never), alcohol consumption (current vs.
former/never), diabetes, hypertension, postmenopausal status (in women), prevalent coronary
heart disease, specific medication use (glucocorticoids, antidepressants, thiazide diuretics,
bisphosphonates, loop diuretics, hormone replacement therapy [in women], benzodiazepines,
proton pump inhibitors, and thiazolidinedione. Model 3 will be further adjusted for eGFRcy,
serum albumin, 25-hydroxyvitamin D, PTH, and FGF23. We will perform subgroup analysis in
predetermined covariates of age (e.g., <65 vs. >= 65 years), sex (male vs. female), and race
(white vs. black).

Sensitivity analysis: We will examine the association between electrolyte imbalances and
specific subtypes of fracture (upper limb, lower limb, vertebral, or hip). Second, we will use
clinical thresholds for individual electrolytes (Table 3), based on the normal range in the general
population.

Table 3: Clinical thresholds for low- and high- levels of electrolytes

Low Normal High References
Na <135 mEqg/L 135-145 mEg/L >145 mEq/L 18
K <3.5 mEg/L 3.5-5.3 mEq/L >5.3 mEqg/L 19
Mg <0.75 mmol/L 0.75-0.95 mmol/L | >0.95 mmol/L 20

(<1.8 mg/dL) (1.8-2.3 mg/dL) (>2.3 mg/dL)
Ca <2.1 mmol/L 2.1-2.6 mmol/L >2.6 mmol/L 21,22
(<8.4 mg/dL) (8.4-10.4 mg/dL) | (>10.4 mg/dL)
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P | <2.5 mg/dL | 25-45mg/dL | >4.5 mg/dL | 23 |

Limitations: No bone mineral density assessment, residual confounding, population restricted to
Black and White adults in the community

7.a. Will the data be used for non-ARIC analysis or by a for-profit organization in this
manuscript? ___Yes _ x__ No
b. If Yes, is the author aware that the current derived consent file ICTDEROS5 must be
used to exclude persons with a value RES_OTH and/or RES_DNA = “ARIC only”
and/or “Not for Profit” ? Yes No
(The file ICTDER has been distributed to ARIC Pls, and contains
the responses to consent updates related to stored sample use for research.)

8.a. Will the DNA data be used in this manuscript? Yes _ x_No

8.b. If yes, is the author aware that either DNA data distributed by the Coordinating
Center must be used, or the current derived consent file ICTDERO05 must be used to
exclude those with value RES_DNA = “No use/storage DNA”"? Yes No

9. The lead author of this manuscript proposal has reviewed the list of existing ARIC
Study manuscript proposals and has found no overlap between this proposal and
previously approved manuscript proposals either published or still in active status.
ARIC Investigators have access to the publications lists under the Study Members Area of
the web site at: http://www.cscc.unc.edu/aric/mantrack/maintain/search/dtSearch.html

__X___Yes No
10. What are the most related manuscript proposals in ARIC (authors are encouraged to
contact lead authors of these proposals for comments on the new proposal or
collaboration)?

To date, we are not aware of any manuscript that has examined the association of serum
electrolyte levels with risk of fracture. ARIC Manuscript Proposal #2371 examined the
association of CKD with the risk of fracture. However, this study did not consider any
electrolytes or mineral and bone markers in their models.

11.a. Is this manuscript proposal associated with any ARIC ancillary studies or use any
ancillary study data?  Yes _ x__ No
11.b. If yes, is the proposal
A. primarily the result of an ancillary study (list number* )
____ B.primarily based on ARIC data with ancillary data playing a minor role
(usually control variables; list number(s)* )
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http://www.cscc.unc.edu/aric/mantrack/maintain/search/dtSearch.html

*ancillary studies are listed by number https://sites.cscc.unc.edu/aric/approved-ancillary-studies

12a. Manuscript preparation is expected to be completed in one to three years. If a
manuscript is not submitted for ARIC review at the end of the 3-years from the date of the
approval, the manuscript proposal will expire.

12b. The NIH instituted a Public Access Policy in April, 2008 which ensures that the public
has access to the published results of NIH funded research. It is your responsibility to upload
manuscripts to PubMed Central whenever the journal does not and be in compliance with this
policy. Four files about the public access policy from http://publicaccess.nih.gov/ are posted in
http://www.cscc.unc.edu/aric/index.php, under Publications, Policies & Forms.
http://publicaccess.nih.gov/submit_process_journals.htm shows you which journals
automatically upload articles to PubMed central.
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