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Background: Obesity is a condition characterized by abnormal or excess accumulation of fat in
body tissue, which may impair health and result in electrolyte derangement. Hypercalcemia and
hypochloremia are significant problems in obese patients, and can cause substantial morbidity
and mortality. Determination of patterns of calcium and chloride may play a major role in the
management of obese patients. Therefore, this study aimed to determine calcium and chloride
disorders and their predictors among obese adults in the outpatient department at Wolkite
University Specialized Hospital, southern Ethiopia from May to August 2020.

Methods: This institution-based cross-sectional study was conducted on 250 obese adults
attending the outpatient department from May to August 2020. Structured questionnaires
through face-to-face interviews and participants’ medical records were used to collect
information on determinants related to calcium- and chloride-ion disturbances. Levels of
serum calcium and chloride were measured using an ion-selective electrode analyzer.
Bivariate and multivariate logistic regression analyses were done to identify determinants
associated with calcium and chloride disorders. Using ORs and 95% ClIs,P<0.05 was
considered significant.

Results: Among the 250 patients, 18% (95% CI 53.02—111) and 17.6% (95% C1 0.78-12) of
study participants were hypochloremic and hypercalcemic, respectively. Age >50 years
(AOR 3.58, 95% CI 2.57-11.10), diuretic use (AOR 2.35, 95% CI 1.31-4.23), and obesity
(AOR, 6.82, 95% CI 2.26-14.62) were independent predictors of hypochloremia
on multivariate logistic regression, and obesity (AOR 9.21, 95% CI 2.50-14.81), overweight
(AOR 8.32, 95% CI 1.61-10.20) and physical inactivity (AOR 4.28, 95% CI 1.71-10.44)
were predictors of hypercalcemia.

Conclusion: High burdens of hypochloremia (18%) and hypercalcemia (17.6%) were
observed in these patients. Increased age, diuretic use, being overweight, and physical
inactivity were predictors of electrolyte disorders. The findings of this study should be
taken into consideration to implement preventive interventions on these predictors in obese
patients. Promoting sufficient fruit and vegetable consumption and physical exercise and
determination of serum-chloride and -calcium levels in adult overweight/obese patients are
recommended to minimize the emergence of electrolyte disorders.
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Introduction
Obesity is a condition characterized by abnormal or excess accumulation of fat in
body tissue to the extent that health may be impaired as a result of positive energy

balance and weight gain.'”> Globally, around 1.5 billion people are obese, and
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a study conducted in sub-Saharan African countries
showed that 15.9% of the population were overweight.3
An Ethiopian study indicated 12.1% and 2.8% burdens of
overweight and obesity in urban settings, respectively.
Another study conducted in Addis Ababa revealed that
25.7% of women were overweight and 10.2% obese.
Obese patients differ in both amount of excess fat and
regional distribution throughout the body.*

Obesity encompasses clinical and laboratory test
derangement linked to increased risk of cardiovascular dis-
eases, type 2 diabetes mellitus (T2DM), and derangement of
electrolytes and malignancies with unfavorable outcomes.
Body-mass index (BMI) and waist circumference (WC) are
important variables in estimating and measuring obesity.>"

BMI provides the most useful crude population-level
measure of risk and complications associated with obesity.
However, it does not provide a measure of body fat dis-
tribution and may not correspond to the same degree of
fatness or related health risks among different patients and
populations, unlike WC.°

Therefore, measuring WC gives simple, evident and
practical way of identifying obesity-related health compli-
cations due to intra-abdominal fat distribution,®’ and
appropriately reveals excess fat in intra-abdominal depots,
which has a high risk of adverse health outcomes.

Electrolytes are charged molecules that are important
in maintaining signal transduction, acid-base balance,
blood clotting, body fluid, and muscle contractions.
A number of common electrolytes, eg, potassium, sodium,
magnesium, calcium, and chloride, are found in the body,
each with specific and valuable functions, but most are
specifically responsible for maintaining the balance of
fluids in both the intracellular and extracellular environ-
ments and determine the electrophysiological properties of
myocardial membrane.’

Various factors, such as nutrition, absorption capacity
of gastrointestinal tract, acid—base disorders, drug use,
comorbid infections, or acute and chronic illness, indivi-
dually or combined, play an important role in electrolyte-
disorder development. Electrolyte disorder is common in
obese patients, and electrolyte derangement may contri-
bute to the progress of disease and complications.”'

Calcium (Ca®") ions play a pivotal role in cardiac
muscle fibers during the excitation—contraction sequence,
and are crucial in both central and peripheral vasculature.
Over 99% of total body calcium is found in bones and
teeth,
forms calcium phosphate in bones and teeth.'" Many

and in conjunction with phosphorus to

biological processes, such as normal functioning of nerves
and muscles, blood coagulation, and several enzymatic
processes, are dependent on calcium. It is a versatile intra-
cellular ion that is used throughout the life cycle of an
organism to control various biological cascades and pro-
cesses like insulin secretion. T2DM and cardiovascular
diseases are associated with defects in calcium
metabolism.'” In a clinical setting, either increment
(hypercalcemia) or decrement (hypocalcemia) of serum-
calcium levels can depend on several pathologies and
could be linked with severe life-threatening complications.
Individuals with DM have higher total serum-calcium
levels than their counterparts.'*'* Also, another cross-
sectional study showed that hypercalcemia was associated
with high fasting plasma glucose, insulin resistance, and
sensitivity in T2DM patients, but not with insulin
secretion. '

Hypocalcemia impairs myocardial contractility, and
there have been several studies explaining the derange-
ment of calcium in obese patients, which in turn causes the
development of elevated blood pressure.'? Hypocalcemia
is a leading complication of diabetic nephropathy in
patients with nephrotic syndrome, which leads to urinary
loss of 25-hydroxyvitamin D5 and its carrier protein. On
the contrary, elevated intracellular calcium concentration
through a decrease in normal insulin-stimulated glucose
transport increases the requirement for insulin, causing
insulin overproduction and secretion resulting in hyperpar-
athyroidism-mediated insulin resistance. Serum-calcium
concentration should be evaluated in obese patients,
because hyperparathyroidism has been related to compli-
cations in obese individuals.'>'®

Chloride is the major extracellular anion that maintains
a normal balance of body fluids. It plays a role in acid—
base homeostasis, contributes to the maintenance of urine
and plasma electroneutrality, and may also affect neuronal
activation.'”'8

Mechanisms that lower sodium may also lower chlor-
ide levels, and low chloride levels may represent broader
homeostatic abnormality. High serum-chloride values are
associated with dehydration and decreased renal blood
flow, such as in congestive heart failure. Hypochloremia
in critically ill patients could be due to active CI” loss, eg,
through loss from the gastrointestinal tract (such as with
vomiting diarrhea), through inadequate renal chloride
reabsorption or dilution caused by infusion of hypotonic
fluids."**°
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Hypochloremia increases the risk of mortality in sub-
jects with hypertension, in which Na™~CI™ level is linked
with the increased risk of metabolic syndrome in obese
patients.This suggests the diagnostic utility of Na'—CI~
levels as a provisional new risk marker for metabolic
syndrome.'® Moreover, hyperchloremia results in longer
ICU and hospital stay and mortality. In general, it is
related to poor outcomes in critically ill patients.'® 2!

Disorders of calcium and chloride ions are among the
top parameters used to determine the burden and severity
of systemic and chronic diseases, in addition to response to
treatment and presence of concurrent diseases. Despite
this, chloride and calcium have received less attention
than other ions. Also, both are commonly used in follow-
up for obese patients.'>*> Though knowledge of the
patterns of calcium and chloride disorders and related
predictors in obese patients is crucial, derangements have
not been well assessed, and limited data with conflicting
results are available on calcium and chloride profiles in
obese adults. Therefore, this study aimed to evaluate the
magnitude of calcium and chloride derangements and pre-
dictors among adult obese patients attending the outpatient
department at Wolkite University Specialized Hospital in
southern Ethiopia.

Methods
Study Setting and Design

This institution-based cross-sectional study was conducted
from May to August 2020 among obese patients at the
outpatient department of Wolkite University Specialized
Hospital, which is 173 km southwest of Addis Ababa.

Study Population

All obese patients attending the outpatient departmentserved
as the source population, and all those selectedduring the
study period were taken as the study population.

Inclusion Criteria

All obese adults (age >18 years) participants attending the
outpatient departmentwith central obesity (WC >102 cm
for men and >88 cm for women) were enrolled. Those who
did not meet the inclusion criteria and those with cancer,
chronic kidney disease, critically diseased, or pregnant
were excluded.

Sample Size and Sampling Technique
The sample size was determined using a single popula-
tion—proportion formula with assumptions of expected

frequency (prevalence of hypochloremia among obese
patients) of 25.9%,%> 95% CI, 5% margin of error, and
10% nonresponse rate, which yielded 295. Finally,
a correction formula was used, since the population
was <10,000 (984), and we got a final sample size of
250. All consecutively identified participants who fulfilled
the inclusion criteria were recruited.

Data-Collection Techniques and

Procedures

A pretested structured questionnaires was developed by
reviewing relevant literature and making certain
modifications.'>** The WHO’s stepwise approach for
incommunicable disease surveillance was adopted and
similar literature used.**

For anthropometric measurement, weight was mea-
sured twice — at baseline and at the end of fasting —
with a digital measurement tool to the nearest 100g.
Height was computed with a calibrated wooden measuring
board to the nearest 0.1 cm. BMI was computed by divid-
ing weight (kg) by height (m*).* WC was measured
between the lower margins of the least palpable rib and
the top of the hip at the midpoint or minimal waist using
stretchresistant tape. WC cutoff points usedindicating cen-
tral obesity were >102cm for men and >88 cm for

women.7

Physical/Clinical Examination

Blood pressure was measured digitally using a mercury
sphygmomanometer at the right upper arm after the sub-
ject had been seated for 5 minutes.”®

Specimen Collection and Analysis

After obtaininging verbal consent from the participant,
5 mL blood was taken from each patient and collected
using a serum-separator tube by trained laboratory techni-
cians following standard operating procedures to deter-
mine serum-chloride and -calcium concentrations.
Collected samples were kept for 30 minutes and serum
separated from whole-blood sample by centrifugation at
3,000 rpm for 10 minutes in thermostable conditions.
Then, serum were identified and stored at —20°C until
biochemical analysis. Measurement of serum calcium and
chloride was done using ion-selective electrode analysis at
Wolkite University Specialized Hospital’s laboratory
department with a HumaLyte Plus® following standard

operating procedures.

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14

submit your manuscript

1351

Dove


http://www.dovepress.com
http://www.dovepress.com

Timerga and Haile

Dove

Assays of Calcium and Chloride lons
Ion-selective electrodes were used to analyze serum calcium
and chloride. The International Federation of Clinical
Chemistry recommends cutoff points to categorize calcium-
and chloride-ion values above and below the reference range.
Accordingly, the reference point for chloride-ion concentra-
tion in the blood is 98—-107 mmol/L. Obese patients with
serum-chloride concentrations <98 mmol/L and >107 mmol/
L were categorized as hypochloremic and hyperchloremic,
respectively. Similarly, those with serum-calcium levels
<1.12 mmol/L and >1.14 mmol/L were categorized as hypo-
calcemic and hypercalcemic, respectively.’

An ABX Pentra 400 was used to analyze serum glucose.

Data-Quality Management
All data and specimen collectors were overseen by
a supervisor. According to the guidelines, specimens were
collected, stored, and transported and those of low quality
rejected. Working and acceptable kits were used. Supervisors
checked daily performance. Measuring instruments were
calibrated basedon their respective reference materials.
Both reagents and controls were checked for expiry
dates. The ABX Pentra and HumaLyte Plus’ were checked
for precision using normal and pathological controls.
Before any sample had been processed, dual quality con-
trols were done and results taken after quality had been
deemed acceptable. Collected results were checked for
completeness by the principal investigator.

Data Analysis

Data were cleaned, coded, entered into EpiData 3.1, and
analyzed using SPSS 23.0. Frequency tables and descrip-
tive summaries were used to depict study variables. Both
bivariate and multivariate logistic regression analyses were
done to identify associations between calcium and chloride
Variables with

P<0.25 on bivariate analysis were candidates for multi-

disorders and independent variables.
variate logistic regression. Predictors having significant
association with calcium and chloride disorders in the
final model were identified at P<0.05 with 95% CIs of
AORs. The appropriateness of the analysis model was
checked with the Hosmer—Lemeshow test.

Variables
Selected electrolyte disorders were dependent variables,
and independent variables were sociodemographic factors

(age, sex, education, employment, and residence),

behavioral factors (physical inactivity, cigarette smoking,
and alcohol use), medication (diuretics, antidiabetics, ACE
inhibitors, andcalcium-channel blockers), and anthropo-
metric factors(height, weight, BMI, and WC).

Chloride and calcium disorders were taken as chloride-
ion level <97 mEq/L or >107 mEqg/L and calcium level
<1.12 MEq/L or >1.14 MEq/L, respectively.?®

Obesity was defined in terms of central obesity, in turn
defined as WC>102cm for men and >88 cm for women).’

Physical inactivity was regarded as no moderate daily
physical exercise or activities, such as walking or cycling
that have important health benefits or not doing the recom-
mended 30-60 minutes’ aerobic exercise three to four times
per week to promote cardiovascular fitness.”” Those defined
as smokers had smoked one or more manufactured or hand-
rolled cigarettes during data collection. Alcohol users were
participants who drank more than three to four units for
males and more than two to three units for females daily.>

Khat chewing was taken as any use of khat, irrespec-
tive of type, during the study.’’

Results

A total of 250 sampled obese patients (response rate
100%) were enrolled. Patient ages ranged 20-75 years,
with mean age 50.5+12.9 years. A majority (56%) were
aged >50 years. Ninety (36%) respondents had had no
formal education, 206 (83.2%) were married, and 96
(38.4%) were farmers.

Mean height was 1.64+0.068 (1.45-1.83) m,and weight
71.4£9.29 (45-115) kg. Mean WC was 98.68+£8.30
(88—130) cm. Of the 250 patients, 219 (87.6%) were diabetic
and 151 (60.4%) hypertensive. Insulin and other antidia-
betics (64%), diuretics (42.8%), calcium-channel block-
ers (34.1%), and ACE inhibitors (31.6%) were medications
commonly used. Regular fruit consumers were 114 (45.6)
and a third were khat chewers, followed by alcohol users
(20.8%, Table 1).

Magnitude of Calcium- and Chloride-lon

Disturbances

The commonest electrolyte disorder was hypochloremia
(18%). The average serum-chloride level was 100.35
(95% CI 53.02-111) mmol/L. The second-commonest
disorder was hypercalcemia (17.6%), and the average
serum level of calcium among study subjects was 1.50
+1.49 mmol/L, Table 2).
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Table | Sociodemographic and Other Characteristics of
Participants (n=250)
Categories n %
Age, years 250 140 56
25-49 92 36.8
<25 18 72
Sex Female 120 48
Male 130 52
Residence Urban 120 48
Rural 130 52
Occupation Farmer 96 384
Daily laborer 29 1.6
Merchant 94 37.6
Civil servant 31 12.4
Education None 90 36
Primary 57 228
Secondary 45 18
Higher 58 232
Marital status Married 208 83.2
Single 13 52
Widowed 21 84
Divorced 8 32
FBS (mg/dL) <110 23 9.2
=110 227 90.8
Systolic blood pressure <130 55 22
=130 195 78
Diastolic blood pressure <85 88 35.2
=85 162 64.8
Alcohol consumption Yes 52 20.8
No 198 79.2
Khat chewer Yes 76 304
No 174 69.6
Sufficient fruit consumption Yes 114 45.6
No 136 54.4
Cigarette smoker Yes 34 13.6
No 216 86.4
Body-mass index (kg/m?) 230 63 25.2
25-29.9 79 316
18.5-24.9 71 28.4
<185 37 14.8

Correlations Between Selected
Serum-Electrolyte Parameters and

Predictor Variables

Calcium and chloride levels showed positive correlations with
fasting blood sugar. Systolic blood pressure had a strong nega-
tive correlation with serum-calcium level (=0.56, P=0.037)

Table 2 Selected-electrolyte Status of Participants (n=250)

Category n %
Chlorine Hypochloremia 45 18
Normal 199 79.6
Hyperchloremia 6 2.4
Calcium Hypocalcemia 24 9.6
Normal 182 728
Hypercalcemia 44 17.6

and a strong positive correlation with serum-chloride level
(r=0.61, P=0.025). Diastolic blood pressure shown weak posi-
tive and negative correlations with serum-calcium and -
chloride levels (+=0.21, P=0.035 and —0.33, P=0.002,
respectively). Serum-calcium level showed a significant posi-
tive correlation with BMI (+=0.211, P=0.014), and serum-
chloride level showed a very strong correlation with BMI
(Table 3).

Factors Associated with Hypochloremia
and Hypercalcemia

Bivariate and multivariate analyses were done for each
predominant electrolyte disturbance on sociodemographic,
behavioral, and biochemical factors. Patient age, diuretic
use, physical inactivity, residence, and education were iden-
tified on bivariate analysis for multivariate analysis. Patient
age, diuretic use, and BMI were significantly associated
with hypochloremia. Physical inactivity and BMI were sig-
nificantly associated with hypercalcemia. Patients on diure-
tics were more likely (AOR 2.35, 95% CI 1.31-4.23) to
develop hypochloremia than those not on diuretics.Physical
inactivity increased the odds of hypercalcemia(AOR 4.28,
95% CI 1.71-10.44). Furthermore, BMI was found to
increase the odds of hypercalcemia more than ninefold
(AOR 9.21, 95% CI 2.50-14.8; Tables 4 and 5).

Table 3 Correlations Between Selected Serum Electrolytes and

Predictors

Ca™ cr

r P r P
SBP -0.056 0.037 0.6l 0.025
DBP 0.021 0.035 -0.33 0.002
FBG 0.023 0.041 0.150 0.018
BMI 0.211 0.014 0.71 0.026
Hip circumference -0.83 0.189 -0.071 0.215

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; FBS,
fasting blood sugar.
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Table 4 Bivariate and Multivariate Analysis of Factors Associated with Hypochloremia

Categories Hypochloremia COR (95% CI) AOR (95% CI)
Yes No

Age, years 250 66 74 4.46 (2.26-15.62)* 3.58 (2.58-11.10)**
2549 36 56 3.21 (1.77-12.67)* 2.97 (0.67—-13.18)
<25 3 15 | [

Residence Urban 6l 59 1.95 (1.84-2.84)* 1.08 (0.54-2.15)
Rural 45 85 | |

Education None 49 41 1.92 (1.79-4.68)* 4.40 (0.91-9.61)
Primary 25 32 1.69 (0.64—4.51) 1.91 (0.85-4.33)
Secondary 17 28 2.29 (0.85-6.19) 1.74 (0.72-4.20)
Higher 17 41 | |

Alcohol consumption Yes 28 24 1.75 (0.83-3.32)* 1.18 (0.57-2.31)
No 79 119 | |

Physically inactive Yes 27 23 1.76 (0.62-2.11)* 2.11 (0.67-3.42)
No 80 120 |

Diuretic use Yes 6l 46 2.79 (1.63—4.54)* 2.35 (1.31-4.23)**
No 46 97 | |

BMI 230 38 25 6.51 (2.31-14.62)* 6.82 (2.26—14.62)**
25-29.9 33 46 3.07 (1.15-6.85) 4.74 (1.78-12.67)
18.5-24.9 29 42 2.95 (1.08-6.65) 3.33 (1.24-8.90)
<185 7 30 | |

Notes: *P<0.25; **P<0.05; | = reference.

Table 5 Bivariate and multivariate analysis of factors associated with hypercalcemia

Categories Hypercalcemia COR (95% CI) AOR (95% CI)
Yes No

Sex Female 31 89 2.03 (I.11-3.85)* 1.96 (0.65-3.82)
Male 19 11 | |

Residence Urban 29 91 1.65 (0.84-2.84)* 1.08 (0.54-2.15)
Rural 21 109 | |

Education None 20 70 2.08 (0.79-4.68)* 1.77 (0.69-4.55)
Primary 12 45 1.94 (0.64-4.51) 1.69 (0.60-4.72)
Secondary 12 33 2.64 (0.85-6.19) 2.89 (0.81-8.40)
Higher 7 51 | |

Physically inactive Yes 35 15 3.88 (1.91-6.83)* 4.28 (1.71-10.44)**
No 75 125 | |

BMI 230 10 53 0.97 (0.33-2.64)* 9.21 (2.50-14.81)**
25-29.9 19 60 1.63 (0.57-3.92) 8.32 (1.61-10.20)
18.5-24.9 15 56 1.38 (0.45-3.32) 3.43 (1.35-7.10)
<185 6 31 | [

Notes: *P<0.25; **P<0.05; | = reference.

Discussion
Electrolyte disorders are more common in obese patients,
which could be a result of maldistribution of electrolytes

due to hyperglycemia, shifting osmotic fluids, total-body

deficits, loss due to sweating, diarrhea, or vomiting, and

loss due to diuretics and hypothyroidism, which makes
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electrolytes in the body either high or low.**** Between
the electrolyte disorders assessed, hypochloremia or low
serum-chloride concentration was the more prevalent.
Results showed that hypochloremia affected18% of the
study subjects. This is lower than studies conducted in
multispecialty hospitals in southern India, where 31% of
participants were found to be hypochloremic, and at
a university medical center in the Netherlands, where
25.9% of patients developed hypochloremia. A similar
study was done in an FEthiopian hospital assessing of
renal function and electrolyte balance in patients with
and 45% had
hypochloremia.?*>**> The variation might be due to the

cardiovascular disease, of patients
inclusion of patients with with renal problems or a focus
on those known to have a loss of renal concentrating
capacity (electrolyte disorders in patients admitted with
DM and complicated cardiac disease, respectively).
However, our result was higher than the study done in
Ethiopia, where 14.9% of patients were hypochloremic,
and Okayama University Hospital, where 8.8% of patients
had hypochloremia. The variation might be attributed to
the majority of participants in this being diabetics with
complications. Patients who have insulin resistance and
fail to control their blood sugar are at a greater risk of
hypochloremia, due to the inability of nephrons to main-
tain control of homeostatic mechanisms involving initia-
tion of thirst, and renal handling and done in the critical
care setting, where in acid-base and electrolyte abnormal-
ities are common. Also, previous studies have used narrow
reference ranges (98—106 mEq/L) and variability of study
subjects may affect results. This study revealed that study
participants aged >50 years were at greater risk of hypo-
chloremia (AOR 3.58, 95% CI 2.58-11.10). This is in line
with the Okayama University Hospital study.>® This might
be due to advanced age impairing ability to control water
and electrolyte homeostasis in response to environmental
and dietary changes and dehydration due to decrement in
body-water content, decreased fluid intake, injudicious use
of diuretics, and predisposition to concomitant infections,
or a combination of these. This result is also supported by
studies in Asia that showed that chloride was decreased in
admitted obese dyslipidemic patients of advanced age.'**

DSiuretic use was significantly associated with hypo-
chloremia: the odds of developing hypochloremia were
2.35-fold higher in participants on diuretics than nonusers.
This is in line with studies conducted in Italy, China, and
Ethiopia.”®>7*® This might be due to the fact that drugs,

especially loop diuretics, are a major cause of hypochlor-
emia in obese and hypertensive patients. Increased sodium
delivery to distal tubular segments by loop diuretic—depen-
dent inhibition of Na'~K'—2Cl™ in the thick ascending
limb of the Henle loop enhances the expression and activ-
ity of the thiazide-sensitive cotransporters along the distal
tubules. Moreover, reduction in chloride levels is attribu-
ted in increased Na'—K" ATPase activity on the basolateral
membrane.”*** Chloride ion is readily changed to regulate
plasma strong ion difference and control the acid-base
balance. Sodium and chloride are the major cation and
anion in extracellular fluid and key factors in pronounced
ion differences. The electrochemical effects of such
differences affects water dissociation and hence hydrogen-
ion concentration. As pronounced ion differences become
more positive, the hydrogen ion, a “weak” cation,
decreases to maintain electrical neutrality.'®

The current study also showed that BMI was positively
associated with hypochloremia (AOR 9.214, 95% CI 2.50—
14.81), supported by similar study conducted in Ethiopia
and South Korea.”*** A possible explanation could be that
excessive accumulation of fat leads to increased circulat-
ing blood volume, which increases cardiac output caused
by stroke volume in obese patients and can be due to
hemodilution from increased blood volume in high BMI
or obesity. Another study stated that higher BMI can be
a determining factor in increasing blood pressure and at
the same time responsible for decremeased serum chloride
and other electrolytes, which correlates with the findings
of our study.?*°

The second—-most disordered ions were for hypercalce-
mia — 17.6% of study subjects. This is lower than a study
conducted in Cotonou, Benin, in which 23.3% of patients
were hypercalcemic.'® This difference might be explained
by sociodemographic variations between study subjects,
behavioral factors, and living standards. On the contrary,
the prevalence in this study was higher than studies in
India and Ethiopia, where hypercalcemia was present in

2840 of admitted metabolic

3% and 10.9%, respectively,
syndrome patients. This disparity might be due to socio-
demographic variations and differences in the spectrum of
cases. Calcium is crucial for insulin-mediated intracellular
processes in insulin-responsive tissue like skeletal muscles
and adipose tissue, with a very narrow range needed for
optimal function. Impairment of insulin-receptor phos-
phorylation leads to impaired insulin signal transduction
and lowers glucose-transporter activity. Altered Ca®" reg-
ulation in adipocyte metabolism may enhance triglyceride
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accumulation through increased de novo lipogenesis and
failure to suppress insulin-mediated lipolysis, which leads
to fat accumulation, impaired cellular calcium homeosta-
sis, and defective skeletal muscles and liver and adipose
tissue in patients with T2DM.'®

Physically inactive patients were 4.28 times more
likely to have hypercalcemia than their counterparts.
be that
exerciseinduces bone-mass gain, which will invariably

A possible reason  could physical

modulate  serum/plasma  calcium-ion  concentration.
Parathyroid hormone, which regulates bone metabolism,
functions to maintain calcium-ion concentration in extra-
cellular fluids within its physiological limits. Both exercise
duration and strength readily influence the role of para-
thyroid hormone. Those with a sedentary lifestyle are at
significantly higher risk of developing hypercalcemia than
more physically active p<30ple.41’42 Serum/plasma calcium
and parathyroid-hormone concentration move in the oppo-
site direction to exercise. Regular participation in more
physical activities induces parathyroid “hypoactivity”,
which may be one potential explanation for future risk of
developing primary hyperparathyroidism.*'

This showed that higher BMI had
a significant association with hypercalcemia (AOR 9.21,
95% CI 2.50-14.81), supported by similar studies con-

ducted in the US and Spain.®** A possible explanation

study also

could be that insulin resistance and secretion depend on
calcium homeostasis in obese patients. Cross-sectional
studies have associated increased serum-calcium concen-
tration with markers of impaired glucose metabolism and
enhanced risk of T2DM with cardiovascular complications
in individuals with increased serum-calcium concentra-
tions.o Calcium homeostasis depends highly on insulin
resistance and secretion. Secretion of insulin in response
to an increased level of plasma glucose is a Ca®'-
dependent cascade. A change in insulin secretion is also
involved with disorders in blood-glucose homeostasis,’
and enhanced cytosolic calcium is related to increased
expression of GLUT4 transporters in muscle cells, which
in turn enhances insulin-stimulated glucose-transport
activity in these myocytes.'' Also, hyperparathyroidism
is associated with long-term insulin resistance and relative
insulin insufficiency, which leads to outcomes of obesity
or deterioration of glycemic control. Because obesity
increases the risk of cardiovascular disease, it has been
hypothesized that calcium levels are associated with obe-
sity and its components. It is thought that elevated intra-
cellular free-calcium concentration (by decreasing stable

insulin-stimulated glucose transport) results in an
increased requirement for insulin, resulting in hyperpar-
athyroidism, related insulin resistance, which leads to

development of overt DM.'>**

Limitations

There might have been recall bias, since study subjects
were asked about past situations. Also, causality cannot be
inferred, due to the cross-sectional nature of the study.

Conclusion

Calcium- and chloride-ion disorders are common in obese
patients and may be related to increased negative complica-
tions. These disorders are particularly common in obese
patients with overt complications, older patients, and those
on certain medications, in particular diuretics. Obese patients
may receive complex drug regimens, some of which may be
related to the disorders explained herein. Prevention of obe-
sity, particularly through moderate physical exercise,
a healthy diet, discontinuation of diuretics when possible,
strict follow-up, and control of glucose levels is of paramount
importance to avert ion disorders in obese patients. The most
effective management of these derangements can be achieved
by averting the underlying pathophysiological events.
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