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Background: Vitamin D and calcium are important factors involved in the regulation of blood glucose and in-
sulin secretion. The Homeostatic Model Assessment of Insulin Resistance (HOMA-IR) score is a useful variable for
evaluating insulin resistance, and therefore we cross-sectionally compared HOMA-IR scores according to serum
vitamin D levels and dietary calcium intake.

Methods: We selected data from healthy males (n=5,163) and females (n=7,506) analyzed over 5 years (2008—
2012) via the Korea National Health and Nutrition Examination Survey (KNHANES). We calculated HOMA-IR
scores and compared them according to serum 25-hydroxyvitamin D (25(0OH)D) concentration classification
(<20, 20-30, >30 ng/mL) and dietary calcium quintile after adjustment for relevant variables using complex
sample analysis. Comparisons were done after data weighting.

Results: The mean dietary calcium intake in males and females was 558.1 mg/day and 445.9 mg/day, respec-
tively. The mean serum 25(OH)D concentration in males and females was 19.4 ng/mL and 16.8 ng/mL, respec-
tively. After adjustment for relevant variables, HOMA-IR score was significantly correlated with serum 25(0H)D
concentration and dietary calcium intake in females, whereas it was only correlated with serum 25(0H)D con-
centration in males. HOMA-IR was significantly lower in the top quintile of dietary calcium intake (mean, 866
mg/day) within females with vitamin D deficiency (P=0.047).

Conclusion: Adequate dietary calcium intake may be important for normal HOMA-IR in females with vitamin
D deficiency.
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INTRODUCTION

Both calcium and vitamin D are the key for preventing and treat-
ing osteoporosis.' Calcium is essential for bone health and vitamin
D enhances calcium absorption and accumulation in bone. In addi-
tion to promoting bone health, both calcium and vitamin D have
various effects on non-skeletal functions. Many studies have proven

that a low to moderate calcium intake has a beneficial effect on bone

health'?, cardiovascular diseases®, colorectal cancer?, stroke®, and
all-cause mortality. Moreover, recent studies showed that low cal-
cium intake is associated with a good metabolic profile’, especially
insulin resistance.® In contrast, elevated calcium concentration is re-
lated to a number of metabolic abnormalities, including impaired
glucose tolerance’, decreased insulin sensitivity, and insulin secre-
tion."” Furthermore, high serum calcium concentration has been

shown to be associated with a 49% increased risk of type 2 diabe-
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tes."" Along with calcium, vitamin D has been shown to be related
to many medical conditions such as cardiovascular disease'?, can-
cer, inflammatory bowel disease', depression and anxiety'*, neu-
rodegenerative disease'é, diabetes", and all-cause mortality."® Of
particular note, one recent study reported that serum vitamin D
concentration was inversely correlated with insulin resistance.”
The Homeostatic Model Assessment of Insulin Resistance (HO-
MA-IR) score is considered a good marker for assessing insulin re-
sistance. While both calcium and vitamin D status have been relat-
ed with disorders related to impaired glucose metabolism, such as
insulin resistance and diabetes, the association of dietary calcium
intake and of serum 25-hydroxyvitamin D (25(OH)D) concentra-
tion with HOMA-IR score has not previously been assessed. We
hypothesized that HOMA-IR scores vary according to differences
in dietary calcium intake and serum 25(OH)D concentration.
Therefore, in this cross-sectional study, we evaluated HOMA-IR
scores according to dietary calcium intake and serum 25(OH)D
concentration using data from non-diabetic healthy Koreans ac-
quired via the Korea National Health and Nutrition Examination

Survey (KNHANES, 2008-2012).

METHODS

Subjects

We used data from the KNHANES. Data from the fourth (IV-2
and IV-3, 2008 and 2009) and fifth (V-1-V-3,2010-2012) surveys
containing dietary calcium intake, 25(OH)D intake, and HOMA-
IR scores were used in this cross-sectional analysis. From an initial
data set of 45,811 males and females, 34,300 participants (14,797
males and 19,503 females) were selected. Of the 34,300 evaluated
participants, 2,895 were excluded due to chronic diseases and com-
bined diseases, and 18,258 participants were excluded due to miss-
ing data. An additional 478 participants were excluded due to hav-
ing calcium intake >2,000 mg/day, HOMA-IR score >10, and
fasting blood sugar >126 mg/dL. Thus, data from 12,669 partici-
pants (5,163 males and 7,506 females) were used in this analysis
(Fig. 1). The Institutional Review Board of Ajou University ap-
proved this study (IRB No. AJIRB-MED-EXP-15-189) and all

participants provided written informed consent before the survey:.
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45,811 Participants were assessed for eligibility
- KNHANES (2008-2012)

age <20 years old

T

11,511 Participants were excluded due to ]

34,300 Participants
- 14,797 Males
- 19,503 Females

,895 Participants were excluded due to disease
+ 2,419 Type 2 diabetes mellitus
+90 Chronic renal failure

T

+495 Current cancer
- 109 Overlapping disease
31,405 Participants
+ 13,465 Males
+ 17,940 Females

18,258 Participants were excluded due to missing
25(0H)D, calcium intake, HOMA-IR,
or supplement intake data

T

13,147 Participants
- 5,432 Males
+7,715 Females

478 Participants were excluded due to
+59 Calcium intake >2,000 mg/day
80 HOMA-IR >10
+ 339 Fasting blood sugar > 126 mg/dL

T

12,669 Participants were included in the analyses
- 5,163 Males
- 7,506 Females

Figure 1. Flowchart for study data selection. Flow diagram of subject inclusion
and exclusion for the Korea National Health and Nutrition Examination Survey
(KNHANES). It shows the selection of study subjects in the 2008—2012 KNHANES.
25(0H)D, 25-hydroxyvitamin D; HOMA-IR, Homeostatic Model Assessment of In-
sulin Resistance.

Laboratory and nutritional assessment

In this nationwide survey, blood samples were collected after 8
hours of fasting. Central testing institute guidelines were followed
systematically (NeoDin Medical Institute, Seoul, Korea). Serum
25(OH)D concentration was measured with a radioimmunoassay
kit (DiaSorin Inc,, Stillwater, MN, USA) using an r-counter (1470
Wizard; PerkinElmer, Turku, Finland). The inter-assay coefficients
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of variation ranged from 2.8% to 6.2% for the 2008-2009 samples
and from 1.9% to 6.1% for the 2010-2011 samples. Total choles-
terol, triglyceride, high-density lipoprotein cholesterol, and low-
density lipoprotein cholesterol levels were measured using a Hita-
chi 7600-110 chemistry analyzer (Hitachi, Tokyo, Japan). An auto-
mated analyzer with an enzymatic assay (Pureauto S GLU; Daiichi,
Tokyo, Japan) was used to measure fasting plasma glucose concen-
trations; serum insulin concentrations were measured using a gam-
ma counter with an immunoradiometric assay (INS-Irma; Biosource,
Nivelles, Belgium). To assess insulin, HOMA-IR scores were calcu-
lated by the following equation: fasting insulin (uIU/mL) x fasting
glucose (mg/dL)/40S. A 24-hour dietary recall method for nutri-
ent intake, including total calorie and calcium intake, was used. The
results were calculated using the Food Composition Table devel-
oped by the National Rural Resources Development Institute (7th

revision).?’

Lifestyle questionnaires

Physical activity was classified into two categories, “yes” or “no.”
Yes was defined as > 30 minutes of moderate physical activity, three
or more times in the last week. For smoking, three categories (cur-
rent, ex-, and nonsmokers) were used. Current smokers were de-
fined as those who were currently smoking and had smoked more
than five packs of cigarettes during their life; ex-smokers were per-
sons who had smoked in the past but had quit; and nonsmokers
were persons who had no history of smoking. Alcohol consump-
tion was also classified into two categories, “yes” or “no.” Yes was
defined as regular alcohol drinkers, i.e., individuals who drank alco-

hol more than once per month; nondrinkers included all others.

Statistical analysis

After data weighting, we used a complex sample analysis method
for the KNHANES data. Data from males and females were strati-
fied into five groups (Sth percentile) according to calcium intake as
follows: G1 (1st quintile: male, 4-297 mg/day; female, 3-217 mg/
day), G2 (2nd quintile: male, 298—420 mg/day; female, 218-320
mg/day), G3 (3rd quintile: male, 421-551 mg/day; female, 321—
43S mg/day), G4 (4th quintile: male, $52-758 mg/day; female,
436-615 mg/day), and GS (Sth quintile: male, 759-1,996 mg/day;
female, 616-1,997 mg/day). Serum 25(OH)D concentration was
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also classified into three groups in both sexes: <20, 20-30, and
> 30 ng/mL. General characteristics including age, body mass in-
dex (BMI), waist circumference, systolic blood pressure, diastolic
blood pressure, fasting glucose, insulin, HOMA-IR score, total cho-
lesterol, high-density lipoprotein, triglyceride, serum 25(OH)D
concentration, daily calorie intake, and daily calcium intake were
evaluated by a descriptive method after data weighting. In addition,
smoking, drinking, and moderate physical activity were assessed by
the chi-square test in both sexes. Partial correlation of dietary calci-
um intake and serum 25(OH)D with HOMA-IR score was com-
pared after adjustment for age, BMI, smoking status, alcohol intake,
moderate physical activity, and season in male; menopause, oral
contraceptive use, and hormone replacement therapy were also ad-
justed in female. Finally, we compared HOMA-IR scores according
to daily dietary calcium intake group (quintile) and serum 25(OH)
D category (< 20, 20-30, and >30 ng/mL) by the analysis of vari-
ance test after adjustment for age, smoking status, alcohol intake,
moderate physical activity, season, and protein intake in male; meno-
pause, oral contraceptive use, and hormone replacement therapy
were also adjusted in female. All P-values express the trend that was
used to assess the significance of all analyses; a P-value <0.05 was
considered statistically significant. Data were analyzed using IBM
SPSS version 19.0 (IBM Corp., Armonk, NY, USA).

RESULTS

There were significant differences between the two sexes regard-
ing age, BMI, systolic blood pressure, diastolic blood pressure, fast-
ing glucose, high-density lipoprotein, triglyceride, serum 25(OH)
D concentration, and daily total calorie intake (Table 1).

The partial correlation coefficient (r) of HOMA-IR score and
serum 25(OH)D concentration was —0.078 (P < 0.001) in males.
There was no significant correlation between HOMA-IR score and
dietary calcium intake. In females, the partial correlation coefficients
of dietary calcium intake with HOMA-IR and of serum 25(OH)D
concentration with HOMA-IR were —0.062 (P< 0.001) and -0.031
(P=0.008), respectively (Table 2).

We also evaluated the difference in HOMA-IR score according
to dietary calcium intake quintile for different serum 25(OH)D

concentration groups (deficiency, insufficiency, normal) after ad-
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Table 1. General characteristics of the study subjects

Variable Male (n=5,163) Female (n=7,506) P
Age (yr) 425+03 443+03 <0.001
BMI (kg/m?) 24.0+0.1 23.0+0.1 <0.001
WC (cm) 84.0+04 772+02 <0.001
SBP (mmHg) 117.2+0.3 112.6+03 <0.001
DBP (mmHg) 77302 724+02 <0.001
Fasting glucose (mg/dL) 933403 91.3+0.1 <0.001
Insulin (plU/mL) 96+0.1 98+0.1 0.084
HOMA-IR 2.24+0.02 2.23+0.02 0.591
TC (mgy/dL) 186.7+0.6 185.9+05 <0.001
HDL (mg/dL) 499402 55.9+0.2 <0.001
TG (mg/dL) 151.2+2.1 105.6+1.1 <0.001
25(0H)D (ng/mL) 194+0.2 16.8+0.2 <0.001
Energy (kcal/day) 2,368.0+16.7 1,660.0+10.8 <0.001
Carbohydrate intake (%) 67.0+0.1 720+0.1 <0.001
Calcium (mg/day) 558.1+54 4459+46 <0.001
Smoking <0.001

Never 2,898 (56.4) 7,045(94.3)

Current 2,237 (43.6) 423(5.7)
Drinking <0.001

Never 1,317(25.7) 4,536 (60.9)

Current 3,803(74.3) 2,913(39.1)
Moderate activity 0974

Yes 4,423 (85.7) 6,411 (85.9)

No 713(13.9) 1,063 (14.1)

jomes

justment for age, smoking, drinking, moderate physical activity,
season, and protein intake in male; menopause, oral contraceptive
use, and hormone replacement therapy were also adjusted in fe-
male. HOMA-IR scores were not different across the dietary calci-
um and vitamin D groups in males. However, in females, HOMA-
IR was significantly lower in the top dietary calcium intake quintile
(mean, 866 mg/day) within the vitamin D-deficient group (P=0.047).
In addition, females with vitamin D insufficiency in the highest di-
etary calcium quintile had the lowest HOMA-IR; however, this dif-
ference was only of marginal significance (P=0.064) (Table 3).

DISCUSSION

We found that dietary calcium intake (mean, 866 mg/day) was
significantly associated with low HOMA-IR scores in females with

Table 2. Correlations of dietary calcium intake and 25(0H)D with HOMA-IR score

Calcium (mg/day) 25(0H)D (ng/mlL)

Variable

r P r P
Male (n=5,163) —0.008 0575 -0.078 <0.001
Female (n=7,506) —0.062 <0.001 —0.031 0.008

Values are presented as mean+standard error or number (%). Pvalues are from the
general linear model after data weighting.

BMI, body mass index; WG, waist circumference; SBP, systolic blood pressure; DBP. dia-
stolic blood pressure; HOMA-IR, Homeostatic Model Assessment of Insulin Resistance;
TC, total cholesterol; HDL, high-density lipoprotein; TG, triglyceride; 25(OH)D, 25-hy-
droxyvitamin D; Energy, total calorie intake; Calcium, daily dietary calcium intake.

Values represent partial correlation coefficients after adjustment for age, body mass in-
dex, smoking, drinking, moderate physical activity, season, and protein intake in male;
additional adjustment was performed for menopause, oral contraceptive use, and hor-
mone replacement therapy in female.

25(0H)D, 25-hydroxyvitamin D; HOMA-IR, Homeostatic Model Assessment of Insulin
Resistance; Calcium, daily dietary calcium intake.

Table 3. Comparison of HOMA-IR scores according to serum 25(0H)D concentration group and dietary calcium quintile

Serum 25(0H)D (ng/mL)

Group Male (n=5,163) Female (n=7,506)

<20 20-30 >30 <20 20-30 >30
G1 2.25+0.05(n=543) 2.33+0.07 (n=350) 2.09+0.08(n=139) 234+004(n=1,059) 2.22+0.06(n=333) 2.33+0.11(n=93)
G2 2.30+0.06 (n=558) 2.15+0.05 (n=2356) 2.05+0.09(n=107) 2.25+003(n=1,064) 2.25+0.06(n=377) 2.00+0.12 (n=58)
G3 2.28+0.05(n=558) 2.16+0.06 (=380 1.91+0.06 (n=107) 2.23+004(n=1,084)  2.24+0.06 (n=346) 2.20+0.13(n=75)
G4 2.28+0.05(n=550) 2.19+0.06 (n=387) 2.16+0.11(n=97) 224+004(n=1,059) 2.24+0.05(n=379) 2.20+0.10 (n=69)
G5 2.30+0.04 (n=541) 2.17+0.05(n=402) 1.95+0.13(n=88) 217+004* (n=1,084)  2.07+0.05(n=369) 2.02+0.07 (n=57)
P 0.949 0.206 0.146 0.047 0.064 0.140

Values are presented as mean + standard error by the analysis of variance test after adjustment for age, smoking, drinking, moderate activity, season, and protein intake in male; ad-
ditional adjustment was performed for menopause, oral contraceptive use, and hormone replacement therapy in female. G1-G5 represent the dietary calcium intake quintiles. Mean +
standard error (range of daily dietary calcium intake) in male: G1, 211.8+2.6 mg/day (4-297 mg/day); G2, 360.9+ 1.2 mg/day (298-420 mg/day); G3, 482.6+ 1.4 mg/day (421-551
mg/day); G4, 646.6 + 2.1 mg/day (552-758 mg/day); G5, 1,021.5+9.4 mg/day (751,996 mg/day). Mean + standard error (range of daily dietary calcium intake) in female: G1, 150.9+
1.4 mg/day (3217 mg/day); G2, 268.5+ 0.9 mg/day (218-320 mg/day); G3, 375.1+ 1.1 mg/day (321-435 mg/day); G4, 515.7+ 1.7 mg/day (436615 mg/day); G5, 866.3+8.5 mg/day

(616-1,997 mg/day).
*P<0.05 for the comparison between G1 vs. G5.

HOMA-IR, Homeostatic Model Assessment of Insulin Resistance; 25(0H)D, 25-hydroxyvitamin D.
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vitamin D deficiency, but not in males. In addition, a marginally
significant difference was observed in females with vitamin D in-
sufficiency. This finding may indicate that adequate dietary calcium
intake is important for normal HOMA-IR in females with vitamin
D deficiency. In addition, maintenance of serum 25(OH)D >20
ng/mL may be beneficial for glucose metabolism.

Serum calcium concentration and incident diabetes have been
shown to be tightly connected." Since calcium in our body plays
an crucial role in many functions, including insulin secretion®, cal-
cium is a key element for maintaining beta cell function.” There-
fore, persistent alterations in calcium balance are likely to affect the
insulin secretory response. Vitamin D is a regulator of calcium ab-
sorption and distribution and as such is an important factor in cal-
cium homeostasis and insulin balance. Vitamin D has also been re-
ported to be related to insulin resistance.” The effect of vitamin D
on insulin synthesis and secretion is regulated by vitamin D response
element.* It is also regulated by extracellular calcium concentra-
tions and calcium influx into beta cells.*® Another mechanism by
which vitamin D affects insulin resistance involves the renin-angio-
tensin-aldosterone system. Specifically, vitamin D inhibits the ac-
tion of insulin in vascular tissue and skeletal muscle via angiotensin
11, which may result in decreased glucose uptake.”®

In our study, adequate dietary calcium intake (mean, 866 mg/
day) was significantly associated with low HOMA-IR scores in fe-
males with vitamin D deficiency. Similar findings were observed in
females with vitamin D insufficiency, but the statistical significance
was marginal. This finding may mean that adequate dietary calci-
um intake is associated with lower HOMA-IR scores in females
with vitamin D deficiency. The relationship of dietary calcium in-
take and serum 25(OH)D concentration with HOMA-IR score
was observed only in females. There are several potential reasons
for this finding. To explore these possibilities, we further analyzed
differences in fasting glucose and insulin concentration in the dif-
ferent dietary calcium groups in females with vitamin D deficiency.
We found that serum insulin concentration showed a significantly
different trend (P=0.024), but not fasting glucose (P=0.168).
Relatively lower insulin concentration was found in the higher di-
etary calcium intake group. This lower insulin concentration might
be associated with the lower HOMA-IR scores in females with vi-

tamin D deficiency. No differences were observed in males. Several
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other factors can also be considered, including differences in fat
distribution, intake of dietary calcium and carbohydrate, and serum
25(OH)D concentration. According to the macronutrient analysis,
female participants (mean, 72%) consumed more carbohydrates
than male subjects (67%). The HOMA-IR score is an indicator of
carbohydrate imbalance; therefore, higher HOMA-IR scores are
expected in participants with higher carbohydrate consumption. In
the vitamin D-insufficient group, the HOMA-IR differences in the
top dietary calcium intake quintile showed marginal significance,
which may indicate that maintenance of serum 25(OH)D concen-
tration > 20 ng/mL is also important for normal HOMA-IR scores.
Interestingly, in females with sufficient vitamin D, the HOMA-IR
values were lowest in the top dietary calcium intake quintile, even
though this difference was not statistically significant. The lack of
statistical significance may be due to the small sample size com-
pared to those in the other groups. We adjusted for total protein in-
take; however, there was no additional significant change of HOMA-
IR scores. A potential explanation for this finding is that protein in-
take is considerably lower than carbohydrate intake (which is relat-
ed with HOMA-IR score) in Korea, especially in female.

There are some limitations to our study. First, this was a cross-
sectional study. Second, due to the high prevalence of vitamin D
deficiency, we could not apply HOMA-IR scores properly in the
vitamin D-sufficient group according to dietary calcium intake
group. Third, the reasons why a significant difference in HOMA-
IR score was not observed in males are unclear. Fourth, we used
data from healthy participants only, and therefore it is difficult to
generalize the results of this study. Regardless of these limitations,
our study is valuable since it is the first study to evaluate differences
in HOMA-IR score according to serum 25(OH)D classification
(<20,20-30, >30ng/mL) and dietary calcium intake group (quin-
tiles) using the representative KNHANES data.

In conclusion, higher dietary calcium intake was significantly as-
sociated with lower HOMA-IR scores in females with vitamin D
deficiency. Further interventional or large-scale prospective studies

are needed to confirm this association.
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