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2 A= vs A EA AW AlE (Centers for Disease Control
and Prevention) 2] =9 27 &7 Al¥ (National Center for Health
Statistics, NCHS)ellA Al&et= w1 A7 9% FAF (National
Health and Nutrition Examination Survey, NHANES)AZE
ggailnh. =W A7 S A vEm FHY] AAH 4G AHE
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shal k. AEZAE AAHAR o 9 ARPANE Ak, 1
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AAE AR, wid vi= S S 5,000 WS AdAskar 3tk o
Aol g EZS Y B E4 AEH 71# &7 A9 993 (NCHS
Research Ethics Review Board) 2] %915 At}

A3k NHANES dolH & 3 f71stdE3 7734

20069 AmE AREEFITE T A7 Apme] EFE 20,470W F
2041 o]Ze] A3l 10,0207l ar, 3 =2 dial AAE
wkokS- Wnt olYgl HAF A3t HE A (limit of detection,
LOD) o]+l Alge 8,929 0| qlt}h <Figure 1>. A, =%, m—/p-—
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NHANES study population enrolled in
two cycles: 2003-2004,2005-2006
(n=20,470)

 |Exclusion:
- Less than 20 years old (n=10,450)

A 4

Greater than or equal to 20 years old
(n=10,020)

Exclusion:
- Not tested for PTH (n=1,072)
- Results of PTH were below LOD (n=19)

A 4

Tested for PTH which results were
over the LOD

(I"I:B 929] Exclusion-
' + Benzene

- Not tested for benzene (n=5,419)
- Results of benzene were below LOD (n=1,567)

+ Toluene
- Not tested for Toluene (n=5,464)
i l - Results of Toluene were below LOD (n=131)
v
Tested for benzene which results Tested for toluene which results Tested for m-/| i * m-/p- Xylene
-/p- xylene which results ) _
were over the LOD were over the LOD were over the LOD - Not tested fm,m"’p’ xylene (n=5,387) _
(n=1,043) (n=3334) (n=3.475) - Results of m-/p- xylene were below LOD (n=67)
y»|Exclusion:
» - Without data about covariates, at least one of the
> following: gender, age, ethnicity, BMI, alcohol
v 4 A consumption status, smoking status, annual family
annual income, physical activity, serum Vitamin D,
Study population for benzene Study population for toluene Study population for m-/p- xylene and serum calcium
(n=1,734) (n=2,976) (n=3,104) + Benzene (n=209)

« Toluene (n=358)

* m-/p- Xylene (n=371)

Figure 1. Flowchart of selecting study population
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2) ¥ =22 (Parathyroid Hormone, PTH)

FEA 322 e A4 SAslen, A" VA=

18=74 pg/mLZ, ¥4 S22 Astse 3 FHdd 52

18 pg/mL ©]3Fel A2 Ao th[51].

3) A {713FE (Volatile Organic Compounds,

VOCs)

Y FIEEES dHeA AN wAFEESE ks
azvtE gy W AEEA (solid phase microextraction with gas
chromatography and mass spectrometry) < ©]&3sto] =43}, &
Aol o] g A Ve WA, EFA, m—/p— ALt}
WAl =<, m—/p— AL HE A= A7 0.0240 ng/mlL,
0.0250 ng/mL, 0.0340 ng/mL$1o™ 20039d-2004 A=9b
2005 -2006d AR AE @Al ol wEE T AMEY

BE2S <Table 1>9 &gk}



Table 1. Proportion of the participants whose levels of VOCs were over the LOD

Benzene Toluene m-/p- Xylene
Percentage (SE) Percentage (SE) Percentage (SE)
2003-2004 58.46% (3.73) 95.75% (1.26) 98.44% (0.69)
2005-2006 54.18% (2.93) 96.92% (1.62) 98.23% (1.52)
SE: Standard error
9
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A% 7152 Chronic Kidney Disease Epidemiology Collaboration
(CKD—-EPD &4& o]g&3st oF3st Ab4a] o3& (estimated

glomerular filtration rate, eGFR) & ¥ 7}sFt}H[52].

e L o — L2200
EGFR:Ax[mm(S?CT.J.J] x[ma.x(s?w.lj] x (0.993)49¢
Ae 3% FAdelA 163, 521 ool 166, =1 2 Q1F FAdelA
141, 59 9 Q1F 4ol 1440t} S dd A#otEd F&
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Table 2. List of questionnaires related to recent exposure to VOC.

In the last three days, did you breath fumes from paints?

In the last three days, did you breath fumes from degreasing cleaners?

In the last three days, did you breath fumes from diesel fuel or kerosene?

In the last three days, did you breath fumes from paint thinner, brush cleaner, or furniture stripper?
In the last three days, did you breath fumes from drycleaning fluid or spot remover?

In the last three days, did you breath fumes from fingernail polish or fingernail polish remover?

In the last three days, did you breath fumes from glues or adhesives used for hobbies or crafts?

In the last three days, did you breath fumes from varnish or stain?

12



Table 3. List of risky occupations with regard to VOC.

2003-2004

2005-2006

Mining Mining

Construction

Manufacturing-Food and kindred products

Manufacturing-Textile mill products

Manufacturing-Apparel and other finished textile products
Manufacturing-Paper products, printing, publishing, and allied industries
Manufacturing-Chemicals, petroleum, and coal products
Manufacturing-Rubber, plastics, and leather products
Manufacturing-Lumber and wood products, including furniture
Manufacturing-Metal industries

Manufacturing-Machinery, except electrical

Manufacturing-Electrical machinery, equipment, and supplies
Manufacturing-Transportation equipment

Manufacturing-Miscellaneous and not specified manufacturing industries
Trucking service

Transportation, except trucking

Construction
Manufacturing: Durable Goods
Manufacturing: Non-Durable Goods

Transportation, Warehousing

13
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Vit D: Vitamin D
Ca: Calcium

Figure 2. Causal diagram among VOC, PTH, vitamin D, and calcium when vitamin D and calcium were decreased.
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Vit D: Vitamin D
Ca: Calcium

Figure 3. Causal diagram among VOC, PTH, vitamin D, and calcium when vitamin D and calcium were increased.
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Figure 4. Causal diagrams among VOC, PTH, vitamin D, and calcium when vitamin D and calcium were not changed
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Table 4. Univariate analysis between potential confounders and benzene

Geometric mean (95% CI) or B+SE p-value
Gender 0.4280
Male 0.069 (0.062-0.077)
Female 0.072 (0.064-0.080)
Age 0.000+0.002 0.9224
20-29 0.067 (0.058-0.076)
30-39 0.070 (0.061-0.080)
40-49 0.079 (0.069-0.090)
50-59 0.066 (0.056-0.077)
60-69 0.081 (0.062-0.105)
70-79 0.059 (0.046-0.076)
Over 80 0.049 (0.037-0.064)
Ethnicity <.0001
White 0.074 (0.066-0.084)
Black 0.081 (0.071-0.091)
Hispanic 0.046 (0.041-0.051)
Others 0.059 (0.045-0.078)
BMI <.0001
Underweight 0.102 (0.061-0.173)
Normal 0.081 (0.072-0.091)
Overweight 0.067 (0.059-0.076)
Obese 0.064 (0.056-0.072)
Alcohol consumption status 0.0014
Drinker 0.073 (0.066-0.081)
Non-drinker 0.061 (0.054-0.068)
Smoking status <.0001
Current smoker 0.147 (0.134-0.161)
Former smoker 0.046 (0.041-0.053)
Never smoker 0.039 (0.037-0.042)
Annual family income <.0001
Under $20,000 0.087 (0.077-0.098)
Over $20,000 0.067 (0.060-0.074)
Physical exercise 0.0021
Yes 0.065 (0.059-0.072)
No 0.078 (0.069-0.088)
Vitamin D -0.189 (0.066) 0.0073
Calcium 0.869 (0.832) 0.3048
Recent exposure to VOC 0.7846
Yes 0.071 (0.064-0.079)
No 0.070 (0.063-0.078)
Risky occupation 0.7698
Yes 0.067 (0.058-0.078)
No 0.066 (0.060-0.072)
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Table 5. Univariate analysis between potential confounders and toluene

Geometric mean (95% CI) or B£SE p-value
Gender <.0001
Male 0.154 (0.143-0.166)
Female 0.126 (0.116-0.137)
Age 0.002+0.001 0.1507
20-29 0.125(0.115-0.137)
30-39 0.138 (0.123-0.154)
40-49 0.151 (0.135-0.168)
50-59 0.139 (0.124-0.155)
60-69 0.160 (0.140-0.183)
70-79 0.130 (0.108-0.156)
Over 80 0.116 (0.092-0.146)
Ethnicity <.0001
White 0.148 (0.138-0.159)
Black 0.133 (0.117-0.150)
Hispanic 0.103 (0.096-0.110)
Others 0.127 (0.101-0.161)
BMI <.0001
Underweight 0.189 (0.129-0.275)
Normal 0.143 (0.131-0.158)
Overweight 0.139 (0.126-0.153)
Obese 0.134 (0.123-0.145)
Alcohol consumption status <.0001
Drinker 0.148 (0.138-0.158)
Non-drinker 0.117 (0.106-0.128)
Smoking status <.0001
Current smoker 0.331 (0.300-0.366)
Former smoker 0.110 (0.099-0.121)
Never smoker 0.099 (0.092-0.108)
Annual family income 0.0036
Under $20,000 0.159 (0.142-0.178)
Over $20,000 0.135 (0.126-0.144)
Physical exercise 0.0010
Yes 0.131(0.121-0.142)
No 0.152 (0.142-0.163)
Vitamin D -0.006 (0.065) 0.9221
Calcium 0.782 (0.740) 0.2993
Recent exposure to VOC 0.0005
Yes 0.151 (0.141-0.161)
No 0.132 (0.122-0.143)
Risky occupation 0.0021
Yes 0.158 (0.142-0.176)
No 0.128 (0.117-0.139)
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Table 6. Univariate analysis between potential confounders and m-/p- xylene

Geometric mean (95% CI) or B+SE p-value
Gender <.0001
Male 0.153 (0.145-0.162)
Female 0.127 (0.119-0.135)
Age 0.002+0.001 0.6000
20-29 0.131 (0.123-0.140)
30-39 0.138 (0.127-0.149)
40-49 0.147 (0.136-0.159)
50-59 0.144 (0.134-0.155)
60-69 0.140 (0.123-0.160)
70-79 0.125(0.112-0.139)
Over 80 0.126 (0.101-0.157)
Ethnicity <.0001
White 0.143 (0.135-0.152)
Black 0.133 (0.122-0.145)
Hispanic 0.120 (0.110-0.130)
Others 0.146 (0.130-0.165)
BMI <.0001
Underweight 0.159 (0.128-0.199)
Normal 0.147 (0.137-0.157)
Overweight 0.140 (0.130-0.151)
Obese 0.131 (0.124-0.139)
Alcohol consumption status <.0001
Drinker 0.144 (0.137-0.152)
Non-drinker 0.125(0.117-0.133)
Smoking status <.0001
Current smoker 0.209 (0.196-0.223)
Former smoker 0.126 (0.117-0.135)
Never smoker 0.119 (0.111-0.128)
Annual family income 0.0693
Under $20,000 0.147 (0.137-0.156)
Over $20,000 0.138 (0.130-0.146)
Physical exercise 0.0785
Yes 0.137 (0.128-0.145)
No 0.143 (0.136-0.152)
Vitamin D 0.060 (0.044) 0.1821
Calcium 0.776 (0.474) 0.1122
Recent exposure to VOC 0.0001
Yes 0.149 (0.141-0.158)
No 0.133 (0.126-0.141)
Risky occupation 0.0033
Yes 0.150 (0.139-0.163)
No 0.136 (0.128-0.144)
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Table 7. Univariate analysis between potential confounders and parathyroid hormone

Geometric mean (95% CI) or B£SE p-value
Gender 0.1141
Male 37.972 (37.093-38.871)
Female 38.789 (37.737-39.871)
Age 0.002+0.001 <.0001
20-29 32.179 (31.022-33.379)
30-39 37.154 (35.826-38.531)
40-49 39.268 (37.635-40.972)
50-59 40.324 (38.656-42.063)
60-69 42.134 (39.399-45.058)
70-79 50.543 (46.939-54.423)
Over 80 54.493 (50.226-59.123)
Ethnicity <.0001
White 37.192 (36.233-38.176)
Black 43.280 (41.679-44.943)
Hispanic 41.823 (39.388-44.408)
Others 38.721 (35.571-42.150)
BMI <.0001
Underweight 30.627 (26.307-35.657)
Normal 35.098 (33.708-36.546)
Overweight 38.937 (37.781-40.130)
Obese 41.571 (40.361-42.817)
Alcohol consumption status
Drinker 37.143 (36.392-37.909)
Non-drinker 42.387 (40.783-44.053)
Smoking status <.0001
Current smoker 33.243 (31.956-34.581)
Former smoker 40.560 (39.122-42.051)
Never smoker 40.202 (38.965-41.479)
Annual family income 0.8324
Under $20,000 38.271 (36.871-39.724)
Over $20,000 38.412 (37.536-39.308)
Physical exercise 0.0060
Yes 37.518 (36.471-38.596)
No 39.761 (38.616-40.940)
Vitamin D -0.355 (0.022) <.0001
Calcium -2.587 (0.224) <.0001
Recent exposure to VOC 0.0724
Yes 37.754 (36.574-38.972)
No 38.838 (37.900-39.799)
Risky occupation 0.6314
Yes 37.233 (35.502-39.048)
No 37.838 (36.867-38.834)
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Table 8. General characteristics of study population where exposure of interest is benzene

Independent variable of interest: Benzene

Study population Not included in study
(n=1,734) population
N (weighted %) or mean N (weighted %) or mean p-value
(SE) (SE)
Gender <.0001
Male 916 (52.65%) 3,643 (46.82%)
Female 818 (47.35%) 4,138 (53.18%)
Age 42.721 (0.445) 47.408 (0.486) <.0001
Ethnicity 0.2433
White 893 (72.10%) 4,001 (71.91%)
Black 394 (11.20%) 1,630 (11.39%)
Hispanic 364 (10.36%) 1,837 (11.60%)
Others 83 (6.34%) 313 (5.10%)
BMI 0.4971
Underweight 31 (1.99%) 118 (1.71%)
Normal 526 (32.82%) 2,232 (31.22%)
Overweight 573 (31.72%) 2,662 (33.87%)
Obese 604 (33.47%) 2,581 (33.19%)
Alcohol consumption status <.0001
Drinker 1,299 (78.54%) 4,651 (71.50%)
Non-drinker 435 (21.46%) 2,276 (28.50%)
Smoking status <.0001
Current smoker 718 (41.84%) 1,393 (20.22%)
Former smoker 326 (19.40%) 2,166 (26.51%)
Never smoker 690 (38.76%) 4,212 (53.27%)
Annual family income 0.2568
Under $20,000 495 (21.35%) 2,164 (20.04%)
Over $20,000 1,239 (78.65%) 5,346 (79.96%)
Physical exercise 0.8663
Yes 916 (58.26%) 4,030 (58.54%)
No 818 (41.74%) 3,750 (41.46%)
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Table 9. General characteristics of study population where exposure of interest is toluene

Independent variable of interest: Toluene

Study population Not included in study
(n=2,976) population
N (weighted %) or N (weighted %) or p-value
mean (SE) mean (SE)
Gender 0.0560
Male 1,430 (49.31%) 3,129 (47.33%)
Female 1,546 (50.69%) 3,410 (52.67%)
Age 43.613 (0.491) 47.971 (0.506) <.0001
Ethnicity 0.4951
White 1,519 (72.16%) 3,375 (71.83%)
Black 646 (10.76%) 1,378 (11.68%)
Hispanic 675 (11.32%) 1,526 (11.36%)
Others 136 (5.77%) 260 (5.13%)
BMI 0.2480
Underweight 45 (1.58%) 104 (1.88%)
Normal 890 (31.99%) 1,868 (31.32%)
Overweight 986 (32.26%) 2,249 (34.06%)
Obese 1,055 (34.18%) 2,130 (32.74%)
Alcohol consumption status 0.0044
Drinker 2,087 (74.94%) 3,863 (71.94%)
Non-drinker 889 (25.06%) 1,822 (28.06%)
Smoking status 0.0350
Current smoker 756 (26.02%) 1,355 (23.98%)
Former smoker 672 (23.03%) 1,820 (26.13%)
Never smoker 1,548 (50.95%) 3,354 (49.89%)
Annual family income 0.0003
Under $20,000 751 (18.14%) 1,908 (21.55%)
Over $20,000 2,225 (81.86%) 4,360 (78.45%)
Physical exercise 0.0105
Yes 1,636 (60.77%) 3,310 (57.24%)
No 1,340 (39.23%) 3,228 (42.76%)
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Table 10. General characteristics of study population where exposure of interest is m-/p- xylene

Independent variable of interest: m-/p- Xylene

Gender
Male
Female

Age

Ethnicity
White
Black
Hispanic
Others

BMI
Underweight
Normal
Overweight
Obese

Alcohol consumption status
Drinker
Non-drinker

Smoking status
Current smoker
Former smoker
Never smoker

Annual family income
Under $20,000
Over $20,000

Physical exercise
Yes
No

Study population Not included in study
(n=3,104) population
N (weighted %) or N (weighted %) or p-value
mean (SE) mean (SE)
0.0812
1,492 (49.22%) 3,067 (47.34%)
1,612 (50.78%) 3,344 (52.66%)
43.744 (0.555) 47.989 (0.491) <.0001
0.4877
1,589 (72.19%) 3,305 (71.80%)
670 (10.67%) 1,354 (11.75%)
706 (11.47%) 1,495 (11.27%)
139 (5.67%) 257 (5.18%)
0.2439
45 (1.52%) 104 (1.92%)
931 (32.08%) 1,827 (31.25%)
1,032 (32.40%) 2,203 (34.02%)
1,096 (33.99%) 2,089 (32.81%)
0.0026
2,181 (75.08%) 3,769 (71.78%)
923 (24.92%) 1,788 (28.22%)
0.0736
771 (25.56%) 1,340 (24.20%)
709 (23.38%) 1,783 (25.99%)
1,624 (51.05%) 3,278 (49.81%)
0.0028
798 (18.40%) 1,861 (21.47%)
2,306 (81.60%) 4,279 (78.53%)
0.0082

1,700 (60.67%)
1,404 (39.33%)

3,246 (57.22%)
3,164 (42.78%)
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Table 11. The geometric means (95% CI) of serum vitamin D and calcium according to inclusion in the study population by the exposure of interest

Study population

Not included in study population

Geometric mean (95% CI)

Geometric mean (95% CI)

p-value

Exposure of interest: Benzene

Vitamin D (nmol/L)
Calcium (mg/dL)

Exposure of interest: Toluene

Vitamin D (nmol/L)
Calcium (mg/dL)

Exposure of interest: m-/p- Xylene

Vitamin D (nmol/L)
Calcium (mg/dL)

58.105 (55.635-60.685)
9.519 (9.491-9.546)

58.453 (56.308-60.679)
9.511 (9.488-9.534)

58.409 (56.284-60.615)
9.513 (9.490-9.537)

57.223 (55.157-59.367)
9.516 (9.493-9.538)

56.813 (54.713-58.994)
9.520 (9.498-9.541)

56.802 (54.694-58.992)
9.518 (9.497-9.540)

0.3146
0.8382

0.0113
0.2877

0.0106
0.5443
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Table 12. The numbers (weighted %) of participants with recent exposure to VOC and risky occupation according to inclusion in the study population by

the exposure of interest

Study population Not included in study population
N (weighted %) N (weighted %) p-value
Exposure of interest: Benzene
Recent exposure to VOC 670 (39.45%) 681 (36.56%) 0.1819
Risky occupation 300 (26.42%) 999 (23.76%) 0.1399
Exposure of interest: Toluene
Recent exposure to VOC 1,102 (38.14%) 249 (37.09%) 0.7381
Risky occupation 487 (24.33%) 812 (24.39%) 0.9670
Exposure of interest: m-/p- Xylene
Recent exposure to VOC 1,149 (38.17%) 202 (36.71%) 0.6647
Risky occupation 504 (24.39%) 795 (24.34%) 0.9686
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Qokle] gith. v Aol mal leAE WAl B sEm
7k

w0 AT Sleol yEEt (8 £SE=-0.095£0.010, p—
value<.0001). =3 Aty 5oz RAgst dl 204 % (fESE=-
0.055%£0.012, p-value<.0001), HlEYl DE F7lI2 HAHS »d
34 %= (B E£SE=-0.071%£0.010, p—value<.0001), ZHo 2 F7I=
A Bd 4 oNE YEwt (B £SE=-0.072+0.011, p-
value<.0001). < ¢ F718g= =& o5 BT F718
md 59 (BESE=-0.073+0.011, p-value<.0001), 3 AT

5 F7tE BT BEd 6oAE Fovd o AddATt

et (B =SE=-0.072%£0.017, p—value=0.0002).

<Table 14> ZAAYH 3RS G 22 HASS wldlo] 199
Sl T T2#0] 18 pg/mL olstd ez=vlE st

Zolth, ®d 1o B 67bA8] @Zxn] (95% AFTFhHE 77t
1.562 (1.370—1.779), 1.241 (0.960—1.605), 1.340 (1.044—1.722),
1.364 (1.065—1.747), 1.421 (1.075-1.879), 1.564 (1.052-
2.325)0lth. =, 21 Wz dxlo] 149 F7id o Fdd Vs
Astsol dE 9ol Kdlof wet AAl= 24%°14 56%7H4 S+
T oolth g mdeA SAA froido]l FREAN, 2 29
p—#< 0.0968% ZAFH 27 91| (marginally significant) 3 T},
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Table 13. Linear regression analysis between serum benzene and PTH

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
B+SE p-value B+SE p-value p+SE p-value B+SE p-value B+SE p-value B+SE p-value
Overall -0.095+£0.010  <.0001  -0.055£0.012 <.0001 -0.071£0.010 <.0001  -0.07240.011  <.0001  -0.073+0.011 <.0001  -0.072+0.017  0.0002
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Table 14. Odds ratios (95% ClIs) of lower PTH per unit increase in log-transformed serum benzene

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Overall 1.562 (1.370-1.779) 1.241 (0.960-1.605) 1.340 (1.044-1.722) 1.364 (1.065-1.747) 1.421(1.075-1.879) 1.564 (1.052-2.325)
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Table 15. Linear regression analysis between serum benzene and PTH; stratified according to gender, BMI, and kidney function

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
B+SE p-value B+SE p-value B+SE p-value p+SE p-value B+SE p-value p+SE p-value
Gender
Male -0.127+0.014 <0001  -0.092+0.017 <.0001  -0.100+0.016  <.0001  -0.102+0.015 <.0001 -0.105+0.017 <.0001 -0.130+0.019 <.0001
Female -0.064+0.018  0.0011  -0.021+0.020  0.2910 -0.047+£0.018  0.0129  -0.047+0.019  0.0198  -0.047+0.019  0.0202 -0.018+0.023  0.4587
Obesity
BMI<25  -0.064+0.021  0.0049  -0.046+0.025 0.0768 -0.064+0.022  0.0079  -0.066+0.024  0.0090  -0.065+0.024 0.0103  -0.061+0.035  0.0905
BMI=25 -0.104+0.013 <.0001  -0.065+0.016  0.0005 -0.082+0.015 <.0001  -0.081+0.014 <.0001  -0.082+0.015 <.0001 -0.082+0.019  0.0002
Kidney function
Good -0.091+0.013 <0001  -0.047+0.017 0.0109 -0.068+0.015 <.0001 -0.068+0.015 <.0001 -0.070+0.016  0.0001  -0.062+0.020  0.0041
Poor -0.084+0.024  0.0016  -0.071+£0.035  0.0530  -0.077+0.037  0.0446  -0.075+£0.036  0.0448  -0.076+0.037  0.0481 -0.089+0.041  0.0401
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Table 16. Odds ratios (95% ClIs) of lower PTH per unit increase in log-transformed serum benzene; stratified according to gender, BMI, and kidney function

Model 1

Model 2

Model 3

Model 4

Model 5

Model 6

OR (95% CI)

OR (95% CI)

OR (95% CI)

OR (95% CI)

OR (95% CI)

OR (95% CI)

Gender
Male
Female
Obesity
BMI<25
BMIZ25
Kidney function
Good

Poor

1.846 (1.454-2.343)
1.307 (0.993-1.721)

1.390 (1.097-1.762)
1.597 (1.190-2.144)

1.604 (1.385-1.856)
0.963 (0.413-2.249)

1.546 (1.058-2.260)
1.038 (0.637-1.694)

1.279 (0.862-1.896)
1.228 (0.780-1.934)

1.333 (1.006-1.766)
0.932 (0.289-3.012)

1.573 (1.080-2.292)
1.184 (0.723-1.939)

1.394 (0.957-2.031)
1.320 (0.824-2.114)

1.458 (1.127-1.885)
0.897 (0.277-2.908)

1.593 (1.090-2.329)
1.207 (0.745-1.955)

1.463 (0.972-2.202)
1.307 (0.825-2.071)

1.481 (1.137-1.929)
0.829 (0.285-2.411)

1.736 (1.044-2.886)
1.198 (0.749-1.915)

1.443 (0.953-2.185)
1.443 (0.778-2.676)

1.539 (1.113-2.129)
0.833 (0.295-2.354)

2.220(1.339-3.682)
1.057 (0.538-2.075)

1.407 (0.780-2.540)
1.723 (1.073-2.768)

1.736 (1.222-2.466)
1.060 (0.183-6.134)
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Figure 5. Restricted cubic spline curve of the association between
log—transformed benzene and log—transformed parathyroid
hormone. The solid line and shaded area indicate the spline curve
and 95% confidence interval, respectively. The model is adjusted
for gender, age, ethnicity, BMI, alcohol consumption status, smoking
status, annual family income, physical exercise, serum vitamin D,

and serum calcium.
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Figure 6. Restricted cubic spline curve of the association between
log—transformed benzene and probability of being
hypoparathyroidism. The solid line and shaded area indicate the
spline curve and 95% confidence interval, respectively. The model
is adjusted for gender, age, ethnicity, BMI, alcohol consumption
status, smoking status, annual family income, physical exercise,

serum vitamin D, and serum calcium.
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i

w2 R E pAWMSG 2718 2d 5 (B £SE=-0.022+0.011, p—
value=0.0467), 38 AT ARE F7I2 HASE TP GoA =
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value=0.0133).

—

<Table 18>% EAAY 3|FFAE Gl 21 WS o] 149
S7re o] Rk $2Ro] 18 pg/mL oY eFH|E g
Zojtk, Bd leox BFE 67449 =Bl (95% AlFEFhHE 747
1.380 (1.070—-1.781), 1.087 (0.805-1.467), 1.104 (0.820—1.486),
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Table 17. Linear regression analysis between serum toluene and PTH

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
B+SE p-value B+SE p-value B+SE p-value p+SE p-value B+SE p-value B+SE p-value
Overall -0.055+0.011 <0001  -0.018+0.011 0.0932  -0.021+0.010  0.0483  -0.022+0.010  0.0359  -0.022+0.011  0.0467 -0.031+0.012  0.0133
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Table 18. Odds ratios (95% ClIs) of lower PTH per unit increase in log-transformed serum toluene

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Overall 1.380 (1.070-1.781) 1.087 (0.805-1.467) 1.104 (0.820-1.486) 1.080 (0.807-1.445) 1.116 (0.811-1.537) 1.322 (0.938-1.863)
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Table 19. Linear regression analysis between serum toluene and PTH; stratified according to gender, BMI, and kidney function

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
p+SE p-value B+SE p-value B+SE p-value p+SE p-value p+SE p-value p+SE p-value
Gender
Male -0.060+0.013 <0001  -0.028+0.014 0.0519  -0.030+0.013  0.0293  -0.035+0.013  0.0099 -0.034+0.014 0.0212  -0.042+0.014  0.0046
Female -0.048+0.018  0.0132  -0.007+0.015  0.6595 -0.009+0.012  0.4702  -0.005+£0.012 0.6932 -0.005+0.012  0.6672 -0.012+0.018  0.5209
Obesity
BMI<25 -0.064+0.023  0.0086  -0.052+0.022  0.0241  -0.054+0.019  0.0089  -0.054+0.019 0.0080 -0.056+0.020  0.0081 -0.071+0.024  0.0057
BMIZ25  -0.047+0.011  0.0002  -0.004+0.013  0.7315 -0.008+0.012  0.5425 -0.009+£0.012  0.4495 -0.009+0.013  0.5024 -0.016+0.012  0.1870
Kidney function
Good -0.071+0.015 <0001  -0.025+0.015 0.0971  -0.027+0.013  0.0494 -0.027+0.012  0.0337 -0.027+£0.013  0.0377 -0.035+0.012  0.0071
Poor -0.025+0.018  0.1746  -0.007+£0.016  0.6751  -0.011£0.017  0.4999  -0.013+0.017 0.4482 -0.014+0.017 0.4170 -0.018+0.022  0.4160
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Table 20. Odds ratios (95% Cls) of lower PTH per unit increase in log-transformed serum toluene; stratified according to gender, BMI, and kidney function

Model 1

Model 2

Model 3

Model 4

Model 5

Model 6

OR (95% CI)

OR (95% CI)

OR (95% CI)

OR (95% CI)

OR (95% CI)

OR (95% CI)

Gender
Male
Female
Obesity
BMI<25
BMIZ25
Kidney function
Good

Poor

1.472 (1.031-2.103)
1.306 (0.936-1.822)

1.565 (1.200-2.042)
1.152 (0.774-1.714)

1.484 (1.173-1.878)
0.812 (0.395-1.669)

1.170 (0.724-1.891)
1.032 (0.760-1.401)

1.295 (0.917-1.830)
0.866 (0.508-1.474)

1.108 (0.801-1.531)
0.922 (0.449-1.894)

1.174 (0.730-1.886)
1.057 (0.747-1.497)

1.327 (0.932-1.889)
0.882 (0.519-1.499)

1.129 (0.823-1.548)
0.924 (0.455-1.879)

1.155 (0.729-1.832)
1.026 (0.734-1.436)

1.316 (0.918-1.885)
0.847 (0.503-1.426)

1.104 (0.810-1.504)
0.883 (0.434-1.793)

1.227 (0.721-2.087)
1.034 (0.739-1.446)

1.372 (0.961-1.958)
0.900 (0.496-1.631)

1.151 (0.808-1.639)
0.882 (0.441-1.765)

1.317 (0.820-2.113)
1.251 (0.750-2.085)

1.327 (0.807-2.182)
1.263 (0.802-1.987)

1.349 (0.971-1.874)
1.073 (0.491-2.345)
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Figure 7. Restricted cubic spline curve of the association between
log—transformed toluene and log—transformed parathyroid hormone.
The solid line and shaded area indicate the spline curve and 95%
confidence interval, respectively. The model is adjusted for gender,
age, ethnicity, BMI, alcohol consumption status, smoking status,
annual family income, physical exercise, serum vitamin D, and

serum calcium.
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Figure 8. Restricted cubic spline curve of the association between
log—transformed toluene and probability of being
hypoparathyroidism. The solid line and shaded area indicate the
spline curve and 95% confidence interval, respectively. The model
1s adjusted for gender, age, ethnicity, BMI, alcohol consumption
status, smoking status, annual family income, physical exercise,

serum vitamin D, and serum calcium.
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Table 21. Linear regression analysis between serum m-/p- xylene and PTH

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
B+SE p-value B+SE p-value B+SE p-value B+SE p-value p+SE p-value p+SE p-value
Overall -0.085+£0.018  <.0001  -0.039+0.016  0.0184 -0.035+0.015  0.0245 -0.035+0.014  0.0159  -0.034+0.014 0.0190 -0.042+0.018  0.0229
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Table 22. Odds ratios (95% ClIs) of lower PTH per unit increase in log-transformed serum m-/p- xylene

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Overall 1.621 (1.176-2.234) 1.328 (0.939-1.878) 1.341 (0.947-1.898) 1.318 (0.921-1.886) 1.321(0.918-1.899) 1.792 (1.138-2.821)
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Table 23. Linear regression analysis between serum m-/p- xylene and PTH; stratified according to gender, BMI, and kidney function

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
B+SE p-value B+SE p-value B+SE p-value B+SE p-value p+SE p-value p+SE p-value
Gender
Male -0.077+0.023  0.0020  -0.039+0.021  0.0720  -0.036+0.021  0.0910  -0.044+0.020  0.0359  -0.040+0.020  0.0538  -0.044+0.024  0.0727
Female -0.094+0.028  0.0023  -0.041+0.024  0.1016  -0.035+£0.021  0.0967  -0.025+0.020  0.2268  -0.026+0.020  0.2088  -0.039+0.030  0.2000
Obesity
BMI<25 -0.072+0.032  0.0326  -0.045+0.025 0.0792  -0.037+0.023  0.1149  -0.037+0.022  0.1083  -0.040+0.022  0.0810  -0.066+0.025  0.0138
BMI=25 -0.082+0.020  0.0002  -0.039+0.019  0.0442  -0.037+0.018  0.0549  -0.036+0.017  0.0370  -0.034+0.017  0.0496  -0.037+0.021  0.0932
Kidney function
Good -0.094+0.026  0.0012  -0.042+0.021  0.0536  -0.037+0.020  0.0657 -0.038+0.018  0.0462  -0.035+0.018  0.0585 -0.060+0.021  0.0072
Poor -0.059+0.021  0.0084  -0.035+0.017  0.0509  -0.030+0.019  0.1384  -0.028+0.019  0.1439  -0.032+0.019  0.1010  -0.001+0.026  0.9668
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Table 24. Odds ratios (95% Cls) of lower PTH per unit increase in log-transformed serum m-/p- xylene; stratified according to gender, BMI, and kidney function

Model 1

Model 2

Model 3

Model 4

Model 5

Model 6

OR (95% CI)

OR (95% CI)

OR (95% CI)

OR (95% CI)

OR (95% CI)

OR (95% CI)

Gender
Male
Female
Obesity
BMI<25
BMIZ25
Kidney function
Good

Poor

1.643 (1.026-2.631)
1.703 (1.138-2.548)

1.827 (1.288-2.593)
1.340 (0.807-2.225)

1.654 (1.238-2.209)
1.185 (0.438-3.205)

1.420 (0.788-2.560)
1.347 (0.884-2.054)

1.439 (0.983-2.107)
1.156 (0.625-2.137)

1.331 (0.866-2.044)
1.332 (0.539-3.290)

1.435 (0.800-2.575)
1.338 (0.856-2.092)

1.433 (0.956-2.146)
1.171 (0.620-2.213)

1.355 (0.885-2.075)
1.354 (0.518-3.536)

1.442 (0.785-2.648)
1.266 (0.790-2.029)

1.418 (0.954-2.107)
1.127 (0.570-2.227)

1.328 (0.866-2.039)
1.290 (0.440-3.780)

1.429 (0.804-2.539)
1.291 (0.769-2.166)

1.559 (1.037-2.345)
1.065 (0.564-2.009)

1.329 (0.872-2.024)
1.314 (0.414-4.173)

1.643 (0.848-3.180)
1.975 (0.987-3.952)

1.545 (0.904-2.639)
2.037 (1.036-4.008)

2.014 (1.276-3.177)
1.516 (0.298-7.701)
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Figure 9. Restricted cubic spline curve of the association between
log—transformed m—/p— xylene and log—transformed parathyroid
hormone. The solid line and shaded area indicate the spline curve
and 95% confidence interval, respectively. The model is adjusted
for gender, age, ethnicity, BMI, alcohol consumption status, smoking
status, annual family income, physical exercise, serum vitamin D,

and serum calcium.
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Figure 10. Restricted cubic spline curve of the association between
log—transformed m—/p— xylene and probability of being
hypoparathyroidism. The solid line and shaded area indicate the
spline curve and 95% confidence interval, respectively. The model
1s adjusted for gender, age, ethnicity, BMI, alcohol consumption

status, smoking status, annual family income, physical exercise,

serum vitamin D, and serum calcium.
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Table 25. Linear regression analysis between volatile organic compounds and vitamin D

Model 1 Model 2 Model 5 Model 6 Model 7
B+SE p-value B+SE p-value B+SE p-value B+SE p-value B+SE p-value
Exposure of interest
Benzene -0.036+0.012 0.0072 -0.048+0.012 0.0003 -0.048+0.012 0.0003 -0.053+0.014 0.0008 -0.061+0.011 <.0001
Toluene -0.002+0.011 0.8903 -0.008+0.011 0.4679 -0.008+0.011 0.4339 -0.016+0.014 0.2766 -0.012+0.010 0.2518
m-/p- Xylene  0.023+0.017 0.1917 0.013+0.014 0.3727 0.011£0.014 0.4281 -0.001+0.017 0.9701 -0.005+0.014 0.7417
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Table 26. Linear regression analysis between volatile organic compounds and calcium

Model 1 Model 2 Model 5 Model 6 Model 7
B+SE p-value B+SE p-value B+SE p-value B+SE p-value B+SE p-value
Exposure of interest
Benzene 0.001+0.001 0.2925 -0.001+0.002 0.6510 -0.001+0.002 0.6433 -0.001£0.001 0.6381 -0.002+0.002 0.3328
Toluene 0.001+0.001 0.2918 -0.001+0.001 0.4731 -0.001+0.001 0.4636 -0.001+0.001 0.3976 -0.001+0.001 0.3029
m-/p- Xylene  0.003+0.001 0.0850 0.000+0.002 0.8817 0.000+0.002 0.9182 0.000+0.002 0.9877 0.000+0.001 0.7744
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Table 27. Linear regression analysis between serum benzene, toluene, and m-/p- xylene and PTH when including participants whose levels of the VOCs were below the LOD.

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

B+SE p-value B+SE p-value p+SE p-value B+SE p-value p+SE p-value p+SE p-value

Benzene -0.077+0.010  <.0001  -0.039+0.011  0.0017 -0.047+0.010  <.0001  -0.047+0.010 <.0001  -0.048+0.010 ~<.0001  -0.043+0.014  0.0033

Toluene -0.057+0.011 <0001  -0.024+0.010  0.0263  -0.025+0.010  0.0172  -0.027+0.010  0.0116  -0.027+0.011 0.0144 -0.031+0.012  0.0112
m-/p-

le -0.086+0.018  <.0001  -0.041+0.015 0.0106 -0.034+0.015  0.0259  -0.033+0.013  0.0192  -0.032+0.013  0.0224  -0.040+0.020  0.0522
ylene
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Table 28. Linear regression analysis between sum of serum benzene, toluene, and m-/p- xylene and PTH

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
B+SE p-value B+SE p-value B+SE p-value p+SE p-value B+SE p-value B+SE p-value
Overall -0.0774£0.014  <.0001 -0.033+£0.013  0.0123  -0.034+0.012 0.0103  -0.036+0.012 0.0047  -0.036+0.012 0.0067  -0.040+0.015 0.0102
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Table 29. Linear regression analysis between sum of serum benzene, toluene, and m-/p- xylene divided by upper limit of reference range and PTH

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
B+SE p-value B+SE p-value B+SE p-value p+SE p-value B+SE p-value B+SE p-value
Overall -0.083+£0.014  <.0001 -0.036+0.013  0.0079  -0.038+0.013  0.0048  -0.039+0.012 0.0019  -0.039+0.012 0.0028  -0.043+0.015 0.0062
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Table 30. FDR adjusted p-values of linear regression between serum benzene, toluene, and m-/p- xylene and PTH.

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted
p-value p-value p-value p-value p-value p-value p-value p-value p-value p-value p-value p-value
Benzene <.0001 <.0001 <.0001 0.0002 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0002 0.0006
Toluene <.0001 <.0001 0.0932 0.0932 0.0483 0.0483 0.0359 0.0359 0.0467 0.0467 0.0133 0.0200
m-/p- Xylene <.0001 <.0001 0.0184 0.0276 0.0245 0.0367 0.0159 0.0239 0.0190 0.0285 0.0229 0.0229
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Table 31. Geometric means of benzene, toluene, m-/p- xylene, and PTH according to occupation.

Risky occupation Office worker p-value

Geometric mean (95% CI) Geometric mean (95% CI)
Benzene 0.067 (0.058-0.078) 0.047 (0.041-0.055) <.0001
Toluene 0.158 (0.142-0.176) 0.099 (0.087-0.113) <.0001
m-/p- Xylene 0.150 (0.139-0.163) 0.119 (0.107-0.132) <.0001
PTH 37.931 (36.843-39.050) 39.458 (38.051-40.917) 0.2230
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Table 32. Linear regression between occupation and PTH

Model 1 Model 2 Model 3 Model 4 Model 5
Linear regression
B+SE -0.043+0.035 -0.033+0.033 -0.035+0.035 -0.026+0.032 -0.021£0.033
Ratio (95%CI) 0.958 (0.895-1.025) 0.967 (0.906-1.032) 0.965 (0.901-1.034) 0.974 (0.916-1.037) 0.979 (0.918-1.044)
p-value 0.2230 0.3213 0.3221 0.4198 0.5257
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Table 33. Linear regression analysis between environmental pollutants and PTH

Model 1 Model 2 Model 3 Model 4
B+SE p-value B+SE p-value B+SE p-value B+SE p-value
Cadmium (serum) -0.035£0.006 <.0001 -0.015%0.008 0.0730 -0.021%0.008 0.0180 -0.019%0.008 0.0204
Cadmium (urine) 0.027£0.013 0.0521 -0.047£0.013 0.0008 -0.044£0.011 0.0004 -0.051£0.012 0.0002
Uranium -0.024£0.011 0.0438 -0.026£0.011 0.0279 -0.029£0.011 0.0183 -0.021£0.012 0.0912
Perchlorate -0.041£0.010 0.0003 -0.054%0.012 <.0001 -0.045£0.011 0.0004 -0.042£0.011 0.0007
Nitrate -0.066£0.014 0.0003 -0.034£0.013 0.0207 -0.038+0.012 0.0061 -0.040%0.012 0.0045
Thiocyanate -0.105£0.005 <.0001 -0.087£0.007 <.0001 -0.084%0.006 <.0001 -0.083£0.006 <.0001
PFOA 0.006%0.017 0.7396 0.018£0.016 0.2708 0.015£0.014 0.3016 0.024£0.014 0.0927
PFOS 0.045£0.013 0.0016 0.024£0.013 0.0839 0.018£0.011 0.1215 0.027£0.011 0.0199
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Figure 11. Causal diagram among VOC, PTH, vitamin D, and calcium according to the result of this study, especially

for benzene.
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Table 34. Summary of results of this study regarding the plausible mechanism between VOC and PTH, especially for benzene.

voC voC voC voC
—Cat —Ca? —Ca? —Ca?
—PTH | —PTH | —PTH |
— Ca(-) —VitD |
Previous studics Model 7 Model 2 Model 2 Model 2
Beta+-SE(p-value) Beta+-SE(p-value) Beta+-SE(p-value) Beta+-SE(p-value)
Benzene Not available -0.002+0.002 (0.3328) -0.055+0.012 (<.0001) -0.001+0.002 (0.6510) -0.048+0.012 (0.0003)
Toluene Cellular level [47] -0.001+0.00 (0.3029) -0.018+0.011 (0.0932) -0.001+0.001 (0.4731) -0.008+0.011 (0.4679)
m-/p- Xylene Cellular level [48] 0.000+0.001 (0.7744) -0.039+0.016 (0.0184) 0.000+0.002 (0.8817) 0.013+0.014 (0.3727)
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Figure 12. Causal diagram among VOC, PTH, vitamin D, and calcium according to the result of this study, especially

for toluene and m—/p— xylene.
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Table 35. Summary of results of this study regarding the plausible mechanism between VOC and PTH, especially for toluene and m-/p- xylene.

vVOC voC voC
—PTH | —PTH | —PTH |
— Ca(-) — Vit D (-)
Model 4 Model 2 Model 2

Beta+-SE(p-value)

Beta+-SE(p-value)

Beta+-SE(p-value)

Benzene
Toluene

m-/p- Xylene

-0.072+0.011 (<.0001)
-0.0220.010 (0.0359)
-0.035+0.014 (0.0159)

-0.001%0.002 (0.6510)
-0.0010.001 (0.4731)
0.000+0.002 (0.8817)

-0.048+0.012 (0.0003)
-0.008+0.011 (0.4679)
0.0130.014 (0.3727)
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Abstract

Association between
volatile organic compounds
and parathyroid gland

Dongui Hong
Department of Preventive Medicine

Seoul National University College of Medicine

Introduction: Volatile organic compounds (VOCs) refer to various
carbon—based chemicals with high vapor pressure. Exposure to
VOCs occurs through breathing fumes from paint, insecticide,
cosmetics, and so on. Although it has been documented that VOCs
might cause a lot of harmful effects on human health, there were
only a few reports regarding VOCs as an endocrine disruptor.
Though a few studies reported the effects of VOCs on calcium
concentration, no study reported whether VOCs might affect
parathyroid hormone, which is the primary regulator of calcium.
Thus, we investigated the association between VOCs and

parathyroid hormone.

Methods: Among VOCs measured in serum, benzene, toluene, and
m—/p— xylene were selected as exposure variables. The outcome
variable was serum parathyroid hormone. Data were derived from
the National Health And Nutrition Examination Survey 2003—2004
and 2005—2006. The numbers of study populations for the three
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VOCs, namely benzene, toluene, and m—/p— xylene, were 1,734,
2,976, and 3,104, respectively. Linear and logistic regressions were
conducted to assess the association between the VOCs and
parathyroid hormone after adjusting for gender, age, race/ethnicity,
body mass index, alcohol consumption status, smoking status,
annual family income, physical activity, serum vitamin D, and serum
calcium. Stratified analyses were also done according to gender,

body mass index, and kidney function.

Results: After controlling for the covariates, results of linear
regression revealed negative associations between the log—
transformed VOCs and log—transformed parathyroid hormone which
were statistically significant, where betatxstandard error for
benzene, toluene, and m—/p— xylene were —0.072£0.011
(p<.0001), —0.022£0.010 (p=0.0359), —0.035+0.014 (p=0.0159),
respectively. However, logistic regression showed that only
benzene was significantly associated with hypoparathyroidism
(odds ratio:1.364, 95% CI: 1.065—1.747); the results of others
were not statistically significant. When the regressions were
conducted in the same manner except for the stratification, most of
the significance remained unchanged for male and participants with

good kidney function.

Conclusion: The levels of benzene, toluene, and m—/p— xylene were
negatively associated with the level of parathyroid hormone and the
significance was prominent in male and participants with good
kidney function. Also, for most of the study populations, as the

serum concentrations of VOCs were in the reference range, this
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study suggests that exposure to VOCs might be harmful to
parathyroid gland even if the exposure was below the exposure

limit.

Keywords: Volatile organic compounds, Parathyroid glands,
Parathyroid hormone, Benzene, Toluene, Xylene, Endocrine
disruptors
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