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4. Rationale:

Sickle cell trait (SCT) is the heterozygous form of sickle cell anemia and has a birth prevalence
of 7-9% in Black Americans.! Although the SCT genotype is generally benign, it carries the risk
of hemoglobin S polymerization and red blood cell sickling under conditions of hypoxia or
extreme exertion.>™ Sickle cell nephropathy, thought to be caused by hemoglobin S
polymerization in the low oxygen, hypertonic environment of the renal medulla,® is observed
both with heterozygous and homozygous inheritance of the HbS gene.®” In prospectively
analyzed observational cohort studies, SCT has also been associated with incidence of
albuminuria, chronic kidney disease, and end-stage renal disease.®® However, less focus has been
directed toward hyposthenuria, or the inability to concentrate urine, in individuals with SCT.
Further, it is unknown whether SCT increases the risk of chronic dehydration or its associated
outcomes.

Several small studies from the 1950s — 1960s reported an age-dependent worsening in urinary
concentration ability among individuals with SCT, relative to non-carrier controls.**-*3 Although
urine concentration following a 12 hour fluid restriction approached the normal range for very
young children with SCT, evidence of hyposthenuria was apparent for all individuals with SCT
over the age of 10.1> Water loss due to urinary concentration defects may be compensated by
polydipsia, or increased thirst, and potentially offset by adequate fluid intake. However, under
strenuous conditions such as military training or endurance athletics, additional water loss
through sweating or elevated respiration may tip the hydration balance for individuals
predisposed to hyposthenuria, leading to hypertonicity, or a disproportionate loss of body water
relative to sodium and potassium.* In laboratory settings, RBCs with hemoglobin S content are
observed to sickle when exposed to hypertonic saline solution, both for homozygous (HbSS) and
heterozygous (SCT) genotypes.*® Under physiologically plausible conditions, hypertonic
extracellular fluid is also observed to induce water efflux and sickling of hemoglobin S
containing RBCs.*® With water loss, the RBCs shrink and the hemoglobin S molecules become
more closely packed together. The close proximity allows polymerization crosslinks and strand
formations, which cause the RBC to distort and sickle.

In the general population of healthy adults with access to water, dehydration is thought to be
uncommon.!” With advanced age; however, dehydration may be as prevalent as 20% - 30%, with
etiologies related to impaired thirst mechanism, diabetes, renal disease, or dementia. The
prevalence of midlife dehydration has not been previously reported, for either the general
population or individuals with SCT, nor are its associated long-term outcomes known.

5.  Main Hypothesis/Study Questions:

-What is the prevalence of dehydration in middle-aged individuals with SCT? Does it differ from
the general population without SCT?

-Do clinical or demographic factors associated with dehydration differ by SCT status?

-Is dehydration in SCT more often described as isotonic, hypertonic, or hypotonic?

-Are laboratory markers of dehydration at midlife associated with future hospitalizations for
dehydration, and does risk of hospitalization for dehydration differ by SCT status?

-Is dehydration at midlife associated with early mortality, and if so do adjusted mortality risks
differ by SCT status?
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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 population: ARIC participants with and without SCT, with available blood analysis at
ARIC visit 1

Exclusions:
-Sickle cell anemia (HbSS) or double heterozygosity for HbS and HbC (HbSC disease)
-Participants not fasting at least 8 hours prior to bloodwork

Derived variables;
Plasma osmolality: (2 x serum sodium + BUN / 2.8 + glucose / 18)
Dehydration: plasma osmolality > 295 mOsm/kg
Isotonic dehydration: serum sodium =130 — 150 mEq/L
Hypotonic dehydration: serum sodium < 130 mEg/L
Hypertonic dehydration: serum sodium >150 mEq/L
Chronic kidney disease: eGFR <60 mL/min/1.73 m?using CKD-Epi formula

Hospitalization for dehydration
-1CD-9 discharge codes: 276.x
-1ICD-10 discharge codes : E86.x, E87.0

Modeling approach

-Odds ratios of dehydration at ARIC visit 1 comparing SCT to no SCT
Odds ratios by demographic subgroups
Odds ratios by clinical subgroups (CKD, diabetes)

-Hazard ratios of hospitalization for dehydration, associated with laboratory markers at ARIC v1
Modification by SCT status

-Hazard ratios of mortality, associated with laboratory markers of dehydration at ARIC v1
Modification by SCT status

Model adjustments

-Demographics (e.g., age, race, sex, ARIC center)

-Clinical factors (e.g., diabetes mellitus, chronic kidney disease, diuretics use)
-Environmental factors (e.g., cold vs. warm months for dehydration assessment)

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 ICTDERO5 must be
used to exclude persons with a value RES_OTH and/or RES_DNA = *“ARIC only”
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8.a. Will the DNA data be used in this manuscript? __ x_ Yes 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 ICTDERO5 must be used to
exclude those with value RES_DNA = “No use/storage DNA”? _x__Yes __ No
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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)?

ms #2150 Sickle cell trait and venous thromboembolism.
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ms #2174 s sickle cell trait a risk factor for stroke and cerebral small vessel disease?
This work was published in 2014

11.a. Is this manuscript proposal associated with any ARIC ancillary studies or use any
ancillary study data? _ x__ Yes No

11.b. If yes, is the proposal
__X_ 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)* )

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

Ancillary study # 2010.16  Sickle cell trait: a risk factor for kidney disease?
We have contacted the lead authors (Abhijit Kshirsagar , Vimal Derebail, and Nigel Key) and are
collaborating with them on this proposal.

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.
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