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Case-control study on fragility fractures in coal miners: A comparison between surface and un-
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GUO LU, LIU CuixiaZb, TIAN Faming1 (1. School of Public Health, North China University of Science
and Technology, Tangshan, Hebei 063000, China; 2.a. Department of Orthopedic Surgery; b. De-
partment of Cardiology, Kailuan General Hospital, Tangshan, Hebei 063000, China)

Abstract:

[Background] The prevalence of osteoporosis and osteopenia is higher among underground coal
miners than surface workers. The special underground work environment and unhealthy habits
such as smoking, drinking, and a high-salt diet may lead to changes in bone metabolism, increasing
the risk of fragility fractures and placing a heavy economic burden on individuals and society.
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To identify potential factors influencing fragility fractures among coal miners in different working environments and to provide
a basis for targeted preventive measures to reduce the occurrence of fragility fractures.

Male participants who attended at least one of the physical examinations in Kailuan Group between June 2006 and December
2020 were included in the study. The participants were divided into two groups based on their working environment: surface or under-
ground. A case-control study was conducted, where patients with new fragility fractures served as the case group and participants without
fragility fractures served as the control group. The two groups were matched with a case:control ratio of 1:4 by age (+1 year) and the
same year of physical examination. The matching process was repeated twice, once for the surface working population and once for the
underground working population. The analysis of risk factors was conducted using conditional logistic regression models.

Among a total of 113138 employees in Kailuan Group, 82 631 surface workers and 30507 underground workers were included,
respectively. The number of individuals who suffered fragility fractures was 1375, accounting for 1.22% of the total population. The inci-
dence of fragility fractures in underground workers was significantly higher than that in surface workers (1.63% >1.07%, P <0.001). The
results of conditional logistic regression model showed that current smoking (OR=1.26, 95%Cl: 1.05, 1.51), manual labor (OR=1.37, 95%Cl:
1.06, 1.78), diabetes (OR=1.26, 95%Cl: 1.04, 1.54), sinus tachycardia (OR=1.81, 95%Cl: 1.23, 2.66), history of stroke (OR=1.51, 95%Cl: 1.09,
2.09), education at college and above (OR=0.65, 95%Cl: 0.45, 0.95), high income level (OR=0.69, 95%Cl: 0.54, 0.90), elevated hemoglobin
(OR=0.91, 95%Cl: 0.85, 0.98), and elevated total cholesterol (OR=0.90, 95%Cl: 0.82, 0.99) were associated with fragility fractures in the
surface working population of coal mines; current smoking (OR=1.48, 95%Cl: 1.17, 1.87), current drinking (OR=1.26, 95%Cl: 1.01, 1.56),
manual labor (OR=2.64, 95%Cl: 1.41, 4.94), history of dust exposure (OR=1.28, 95%Cl: 1.03, 1.58), and obesity (OR=0.72, 95%CIl: 0.52,
0.96) were associated with fragility fractures in the underground working population of coal mines.

In preventing fragility fractures, special attention should be paid to the bone health of underground workers engaged in
manual labor or having a history of dust exposure. It is important to correct their unhealthy behaviors in a timely manner, such as smoking
and drinking, and to appropriately increase body weight to prevent fragility fractures. For surface workers, particular attention should be
giventothe high-risk group for fragility fractures, such as low family income per capita, manual labor, and having a history of stroke or diabetes;
in addition, close monitoring of their resting heart rate, hemoglobin levels, and total cholesterol levels may help prevent fragility frac-
tures.

coal miner; fragility fracture; work environment; case-control study; influencing factor
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Table 1 Variable assignment in conditional logistic
regression model

L& (Variable) ME{E 2> =15 BA(Description of assigned variables)

BB 7 (Fragility fracture) 0=, 1=5& (0=No, 1=Yes)

1=AHRIUATF, 2=BHHHE, 3=AERUL
(1=Middle school or below, 2=High school or
technical secondary school, 3=College or above)

KEE AU (Family income per 1={EURNIKF, 2=TF N IKF
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1=MKIRE, 2= BEINE, 3=-BRIIE

Rish s o .
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W\ 7N D t
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. 0=IE®,2=H%, 3=
(1=Normal, 2=Overweight, 3=Obese)

¥EPR % (Diabetes) 0=7, 1= (0=No, 1=Yes)

1= I E % (Hypertension) 0=7%, 1= (0=No, 1=Yes)

= FRER M (Hyperuricemia) 0=7, 1=8 (0=No, 1=Yes)
Fibi 25 5 S (History of stroke)

(CHVAEFE SR S (History of

myocardial infarction)

0=7, 1=8 (0=No, 1=Yes)
0=75, 1= (0=No, 1=Yes)

(VB BIEDJE SE (History of atrial

0=, 1=8 (0=No, 1=Y
fibrillation) 7, 1= (0=No, 1=Yes)
M40 EIIT I (Sinus tachycardia) 0=75, 1= (0=No, 1=Yes)

PR AEBEEZS(Taking

antihypertensive drugs)

PR A P& # 2% (Taking hypoglycemic

0=%, 1=32 (0=No, 1=Yes)

0=, 1=3& (0=No, 1=Yes)
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& AR .
gffﬂ:fﬁﬁaiﬁﬁakmg lipid-lowering 0=7, 1=2 (0=No, 1=Yes)
u
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Table 2 Prevalence of fragility fractures by work environments
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(o) Iz s
= 9 = o = o
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LT {EEM 30507 BH T LEE, EPffedESit g%
AR 1375, B2 A 1.22%, H T TEEMR S
T EBRESTH ETEE(1.63%>1.07%, P<0.001) o
K 2,
2.2 AEI{EFEFRHIASTRANE B R LK
HETEABELERME ST FIYER A(62.07¢
13.03)%; H FTITEABLRERMESITEYER RN

23 HETEAEBMMSIFNEZMERSH

URBLRERMBITANEE, 75 ARARR L.
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HT B9 XLBS 45 99 U PR 31%(95%Cl: 10%~46%) 1 35% &, ME1E B TV R XI5 99 51 PR 9%(95%Cl: 2%~
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xR 3 FEIEFIRRFHIAMRANERER LR

Table 3 Basic conditions of fragility fracture cases and controls by working environments

FHETEAEE HTIEAB
TE (Surface miners)(n=4395) (Underground miners) (n=2480)
(Variable) J&{H4H (Case)  XFERZH(Control &H4H (Case)  XFEBLA(Control
ﬁ1(n:8(79) P (n:?,( 516) v e rﬁ1(§n=4;e;) P (n:l( 984) by P

FE#E/% (Age/years), (X + 5) 62.07413.03 62.07413.03  <0.01 1.000  56.11+14.23 56.11+14.23 <001  1.000
TR IRAR 2 (Smoking status), n(%) 541  0.067 14.72  0.001

MAKIZKE (Never smoked) 526(59.84) 2196(62.46) 220(44.36) 1047(52.77)

B2 I MR (Ever smoked) 95(10.81) 421(11.97) 50(10.08) 217(10.94)

B &1/ (Currently smoking) 258(29.35) 899(25.57) 226 (45.56) 720(36.29)
TREAR T (Alcohol consumption status), n(%) 261 0271 7.56 0.023

MKIRBE(Never drunk) 568(64.62) 2339(66.53) 238(47.98) 1075(54.18)

8B L2185 (Ever drunk) 20(2.28) 56(1.59) 11(2.22) 56(2.82)

B #17RE (Currently drinking) 291(33.10) 1121(31.88) 247(49.80) 853(42.99)
AUFERE (Level of education), n(%) 11.09  0.004 2.37 0.305

#)5 K LU (Middle school and below) 740(84.19) 2837(80.69) 414(83.47) 1619(81.60)

= e H % (High school or technical secondary school) 95(10.81) 387(11.01) 65(13.10) 1181(91.28)

KE KLU E(College or above) 44(5.00) 292(8.30) 17(3.43) 100(5.04)
REEAIIUN (Family income per capita), n(%) 590  0.015 081  0.367

{EURNIKF (Low income level) 798(90.78) 3089(87.96) 459(92.54) 1181(91.28)

SR IKFE (High income level) 81(9.22) 427(12.14) 37(7.46) 173(8.72)
(KRB #RIE(Physical activity), n(%) 249  0.115 0.14  0.710

Z(No) 761(86.58) 2969(84.44) 422(85.08) 1701(85.74)

2Z(Yes) 118(13.42) 547(15.56) 74(14.92) 283(14.26)
TF%B(Job category), n(%) 10.22  0.001 10.64  0.001

R 155 5h& (White collar) 90(10.24) 505(14.36) 13(2.62) 127(6.40)

{57155 503 (Blue collar) 789(89.76) 3011(85.64) 483(97.38) 1857(93.60)
¥ 2$E A8 S (Dust exposure history), n(%) = = 5.22 0.022

Z(No) = = 171(34.48) 759(40.07)

2(Yes) = = 325(65.52) 1189(59.93)
BMI, n(%) 3.01 0222 464  0.098

1E & (Normal) 344(39.13) 1424(40.50) 208(41.94) 760(38.31)

#BE (Overweight) 374((42.55) 1533(43.60) 224(45.16) 896(45.16)

ABR¥(Obese) 161(18.32) 559(15.90) 64(12.90) 328(16.53)
¥EFR % (Diabetes), n(%) 181(20.59) 594(16.89) 6.62  0.010 81(16.33) 264(13.31) 3.03  0.082
= M ESF (Hypertension), n(%) 479(54.49) 1780(50.63) 421 0.040 229(46.17) 905(45.61) 0.05  0.825
155 PRER IMYEE (Hyperuricemia), n(%) 104(11.83) 454(12.91) 0.74 0.389 53(10.69) 265(13.36) 253 0.389
SMOENIE(Sinus tachycardia), n(%) 41(4.66) 92(2.62) 10.05  0.002 16(3.23) 58(2.92) 0.125 0.723
(CAVEBSESRSE (History of myocardial infarction), n(%) 16(1.82) 66(1.88) 0.012 0.911 11(2.22) 31(1.56) 1.023 0312
(VB BRENIR S (History of atrial fibrillation), n(%) 13(1.48) 31(0.88) 253 0.112 4(0.81) 23(1.16) 0.46  0.098
25 F375 52 (History of stroke), n(%) 55(6.26) 152(4.32) 586  0.016 24(4.84) 96(4.84) 0.00  1.000
BRPBFEAEZS (Taking hypoglycemic drugs), n(%) 72(8.19) 232(6.60) 2.77  0.096 27(5.44) 97(4.89) 0.26  0.612
BR FAB& £ 25 (Taking antihypertensive drugs), n(%) 182(20.71) 681(19.37) 0.796 0.372 84(16.94) 345(17.39) 0.06 0.811
PR FA P& ASZ5 (Taking lipid-lowering drugs), n(%) 35(3.98) 145(4.12) 0.036 0.849 16(3.23) 42(2.12) 2.14 0.144
BMI/(kg'm™), (X + 5) 25.00+3.50 24.88+3.31 -0.92  0.358 24.69+3.13 25.05+3.42 2.12 0.026
HGB/(g:L™), (X £ 5) 150.09+17.84  148.67+20.03 0.49 0675  151.05456.18  149.70+21.10 -0.86  0.599
SBP/mmHg, (X + s) 140.15+20.95  138.40£#20.95 -2.22 0.026  136.10+20.80  136.07+20.10  -0.03  0.975
DBP/mmHg; (X + s) 85.32411.47 83.90+11.16  -3.34 0.001  84.67+11.56 83.90+11.16 -006  0.947
FBG/(mmol-L™), (x £ 5) 6.14+2.37 5.84%1.71 -3.53  <0.001 6.00+2.21 5.79+1.67 -1.99  0.047
TC/(mmol-L™), (X + 5) 4.87+1.22 4.97+1.58 1.76  0.078 4.95+1.68 5.00%2.23 072 0723
TG/(mmol-L™), M(Pyss Pys) 1.26(0.88,1.92) 1.26(0.89,1.92) -0.09 0.993 1.27(0.90,1.95) 1.30(0.89,1.99) -0.27  0.784
HDL-C/(mmol-L™"), (X + 5) 1.51+1.42 1.46+0.42 -1.23 0221 1.51+1.42 1.50+0.42 0.54  0.901
LDL-C/(mmol-L™), (x £ 5) 2.6940.94 2.6740.86 -0.66 0511 2.69+0.94 2.67+0.86 0.64 0521

[ £ 1 BMI A{AEIEE, HGB NIMLIE H, SBP AUR4EIE, DBP J&F 3K E, FBG N =REIMHE, TG FH M =E, Tc A2 ABEEE, HoL-c e EERE AR
EEZ, LoL-C AR EREREER.
[Note] BMI: Body mass index, HGB: Hemoglobin, SBP: Systolic pressure, DBP: Diastolic pressure, FBG: Fasting blood glucose, TG: Triglyceride, TC: Total
cholesterol, HDL-C: High-density lipoprotein cholesterol, LDL-C: Low-density lipoprotein cholesterol.
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x4 HETIEABRREESREMRRNFSE

logistic [ElY35317
Table 4 Conditional logistic regression of influencing factors of
fragility fractures in surface miners

BREST ZREDIT
& (Variable) (Univariate analysis) (Multiple analysis)
OR (95%Cl) P OR (95%Cl) P
IR MRAR 5T (Smoking status)
MAKIZKE (Never smoked) 1.00 — 1.00 —
B IA (Ever smoked) 051 0.477 090 0.461
(0.70~1.18) (0.69~1.18)
B #10%A (Currently 1.23 1.26
. 0.023 0.011
smoking) (1.03~1.46) (1.05~1.51)
T1EM B (Job category)
f% /355 5% (White collar) 1.00 - 1.00 —
e 1.48 1.37
57355503 (Blue collar) (116-1.87) %001 (106.17g 0018
KEE AU (Family income
per capita)
RN IKF (Low income
1.00 S 1.00 o
level)
S URNIKFE (High income 0.73 0.69
0.015 0.006
level) (0.57~0.94) (0.54~0.90)
X AKFZFE (Educational level)
#H Kz LU (Middle school
1.00 = 1.00 =
or below)
=A% (High school or 0.91 0.97
. 0.433 0.816
technical secondary school) (0.71-1.16) (0.75~1.25)
ARERLLE(College or 0.54 0.65
0.001 0.026
above) (0.38-0.76) (0.45~0.95)
#EFR % (Diabetes)
7 (No) 1.00 — 1.00 =
1.28 1.26
Z(Yes) 0.001 0.001
(1.06~1.54) (1.04~1.54)
= I EJF (Hypertension)
Z(No) 1.00 — - -
1.18
E(Yes) 0.033 = =
(1.01~1.38)
SEMOEITIE(Sinus
tachycardia)
7(No) 1.00 — 1.00 —
1.82 1.81
=(Yes) 0.002 0.002
(1.25~2.65) (1.23~2.66)
[iXZ&FH7 S (History of stroke)
F5(None) 1.00 — 1.00 -
1.49 1.51
B(Yes) 0.015 0.013
(1.08~1.68) (1.09~2.09)
et 0.93 0.91
(0.86~1.00) L) (0.85~0.98) Qe
. 0.92 0.90
TC 0.062 0.038
(0.83~1.00) (0.82~0.99)

24 HTIEABEBRESITEMEAZI

UBBRERMEEITANEE, 755 LURER .
OB, XWIEE. KEAWBN. BEHRIK. T
MR, MEZRSE. BMI(DETE). BERE. &ME
& BRERMME. SO0 R OAEIEE. 0B
EinhimRsE. AR IRAEEZ. IRAEREZ. IR
FAB&ASZ4. HGB. TC. TG. LDL-C. HDL-C N EHZ8#1T
BARIZEZM logistic B3 HTo

B AE logistic BIYANHER E R, 7E a=0.10 Y
KF b, XARRE . AR IR TSR,
LA, BRE. BMI E 7 MAZESHTIEA
B BT EBRNX O X, fH& 20, 7 N8
FERKATFII<S, BRE >0, RRBEE2 (8
AEETEEELMERE, FX 7 MEEPANZEER
% logistic [BlYAR A, £ R B /R, BRI ME(OR=1.48,
95%Cl: 1.17~1.87). B HITXE(OR=1.26, 95%Cl: 1.01~
1.56) . 1A/155 5% (OR=2.64, 95%Cl: 1.41~4.94) . ¥3&
1A (OR=1.28,95%Cl: 1.03~1.58) ¥ 5H FTEAEF
fe 1% B i BR XIS 0B X, AT, SEEIEEER
Eb, BERE A BERE M B 37 BV 2B XU PN PR 28%(95%CI:
4%~48%) , ¥ I3 5o

x5 HTIEABRMESITEMERNRG
logistic ElV353#f
Table 5 Conditional logistic regression of influencing factors of
fragility fractures in underground miners

[FE]* SIEM—MREE, PREEY logistic B AR TERNEBT
T P<0.10 AR, ZEEK KM logistic BT D ERNE T

P<0.05 B[R %,

[Note] *: For each additional standard deviation. The univariate conditional
logistic regression analysis only shows factors with P<0.10, while
the multivariate conditional logistic regression analysis only shows

factors with P<0.05.

BERRD SRED
L& (Variable) (Univariate analysis) (Multiple analysis)
OR (95%Cl) p OR (95%Cl) p
XAXFZE (Educational level)
#F X LU (Middle school or
1.00 = = =
below)
=i # % (High school or 0.91
. 0.584 o S
technical secondary school) (0.66~1.26)
AERELE(Coll b 062
(College or above) (0.35~1.08) 0.093 = =
IR MRIR 52 (Smoking status)
MAKI%KH (Never smoked) 1.00 = 1.00 =
1.03 1.01
mézu ]
& 2L (Ever smoked) ©071~150) °&1  (06o~148) 0970
1.58 1.48
e .
BRI (Currently smoking) (126~197) <0001 17 1 gy 0001
TREIR T (Drinking status)
MKIRBE(Never drunk) 1.00 — 1.00 —
0.87 0.88
8t 4R foha
B 42 X8 (Ever drunk) (©04a~172) 0698 (0aa-177) 0719
1.33 1.26
JURIN i
B E14XH (Currently drinking) (1.08~1.63) 0.007 (1.01~1.56) 0.042
T {EM4 B (Job category)
fX 7155503 (White collar) 1.00 = 1.00 =
. 2.67 2.64
& 1155 5% (Blue collar) 0.001 <0.001
(1.48~4.81) (1.41~4.94)
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8RS
BPRARS ELSEL
= (Variable) (Univariate analysis) (Multiple analysis)
OR (95%Cl) P OR (95%Cl) P
#3428 5 (Dust exposure
history)
7(No) 1.00 — 1.00 —
=y 1.28 1.28
Z(Yes) (1.04~1.58) 0.020 (1.03-1.58) 0.024
BMI
1E % (Normal) 1.00 — 1.00 —
_ 0.92 0.92
#BEE (Overweight) (0.74~1.13) 0.428 (0.74~1.13) 0.394
" 0.71 0.72
FBA¥(Obese) (052~097) 9932 (055005 0040
#EFR % (Diabetes)
7(No) 1.00 — - —
- 1.29
=(Yes) 0.076 = e
(0.97~1.70)

[F | BAREM logistic EADMERNER P<0.10 WER, ZRER
Z1F logistic BlYADITLERBR P<0.05 FNEIZ,

[Note] Univariate conditional logistic regression analysis only shows factors
with P<0.10, while multivariate conditional logistic regression analy-
sis only shows factors with P<0.05.

FRARBRHEERAR TIEFET, ST
BEEXEMEAREFEER, TERMEWNKE.
FEIMB BRE. LIERR. A RENIETRES
FH. BARN, BASFIRENENTHEEZH
EEHTIEAERERTEENEMHERER, BE5
HTIEAERESTERNXKEZEEES,. LI,
KEANIWN FEFRIA. FIZEHRSE O R, HGB.
TCKEREH ETEAB MM BT BRNXBLEX, IX
B ML NS H T TIEAR R SITE
R R BEAE %o

EIRE", EA BRI EHEK, F FET TAE
BFEREITH, ERETEEUAPERMNES T
EANBHRERRMEZE D579 66.3%H] 56.3%. M2, I&
H TATEEAK, ATRES BRERIRIMES, AL,
SEEMMBEEE TN TERN S ESE MR EAR,
LTHEMEH T IENRMEAR, s, AFHTT
TEABNE S E HET = (83, Hli e B &b
WKENZBF AR, MEH T ENBohEREE
MIRY TLERIE 0, IRERRR R ERAANY, TR RV TITE
RGN BTN EZRNE, XL FH—DIEE
TARARER,

H2UEREAXRRERIRNHEIR, AARE
MHTIEABEINBRERESITERXIE
181N 26%( OR=1.26, 95%Cl: 1.01~1.56) o B AFIILAYEH

RERPH T TIREVEBRBAESTEXRN TV,
XERARLER I, BIRE, KPPEATEMEE
BHEHEBNHMEHT L, ENERESEE, It
ob, NI RIELZIMIEH T TIEA B AEBE =T B A 14
BRI ERFEXFL(OR=0.72, 95%Cl: 0.52~0.96) , iX!IH
FHTIEABAZEUNEFARHRSE™, @AY
HTTEABKBICEN IR, SBHEXA——K
HNRER(BIPREEREREETE), ERER
1 AL, AR A NIER 7 BRE X TR e 1 & i
NEEM, MELZMTFHTITIEABMS AEEM
BRI REXT R BT A £ ERIBERIPIER,
TRRERER, H T LEABMLIZMINENE
BB EZ(0R=1.28, 95%CI: 1.03~1.58), ERHF
REM, B TAMELRFENINE, 8% E(bone
mineral density, BMD) [ 2 B B T F&", B84 fish
EREHRHUARARRENRE. MRAEERNE
N E-6 B2IG S, FMIGRE = E M, R
BRI, BER BRERAAERT HIR™,
EHARELXMEH ETIEABD, BRAF. =%
DT R AR ZE RS R E TEABR S
TERER, XARFH ETIEABERKFERS,
N T FEPRR AR B 2R AR B & R XL B T 5 | 2 e
MBI BERFE. SHEOERUKRKZFRREES
SR A ARTEE K T 1 75 E Y THEEFE AT, 18 hORK I X
MREMERE, HERNEMEMRE., FNRED
MEERLY), NFFE. ORTUEFIFTEIRF R FIZE
MBS BITH A S, Eit, RIREEMERR. =%
o RUNMBEEEREFRRENES B NMEFIEER
BAHNEBITRRTI, LU/ DM ST &4,
TC 5 HGB BAB—MrAEENSBREH ETE
ABERREM BTN, E—IRR 4R, £ 1C
FHEN0 10 mg-L, REMEERBITHIXPETA SRR 2.2%
REN—TMRER, RINIEBSEMMEANKR
BMD Ml BT RE X FE—IHMNERFEEZH
FRFEER, RILBMEHEA BMD FREAIFIMEZE(OR=
2.48,95%Cl: 1.31~4.71), #BELZ T, TC 5 HGB /KM
et 2 BN X EERIMENHAR, HEN
PRFHFE L. R, MR FR S mE. xF 1C UK
HGB FZMmAfE M & 17 KSR &I 1= RERH, BRT
ES ERRR I LGES,.
teoh, TH ETEABR, KERULEZRUK
SN2 ESITNRIFAE,; BIRE, R8E
IKFEFRNKTES B BB X e A 2 IEAEX,
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Itt, RIEFHENBRNREHNABEE I ERIREM
BAg ™l teoh, BHRFTRB“IMNS FER B 1
BEMOIREDRIRE RS X, XEH T EE XY
PRARM TR BRI R £,

KR RET RS, ABESEX, LS
AAIRRBEAER. NRIZHT. W2l BBR
& EFREUR (ERREEDZE) % 10 A
FiR%!, EItER AT FEH BRR T 5 B WA R, 24
MABET KESKE B FTBXHNEZRLOEKRRE
TR TRIEEITFZMER, BB FXEFAAE
MEITRME T 2%, AW, ARRIENRGIAZ, R
BT XEKE, EFRERFEARKER, ALFEEES
RIBR MR RIRIE, 9N, RIRTHREAFE. KEFMF
FRAFINBIRE, AARTEMERX T BMD. KA
HERYE. BIRBRINEE T EER D LIKAFS
R 1EDE R TRERFREXER,

& LR, Bt B B E R K EH TR
UBABBRER, B RENFZE UNBMLTE
ARSERIAEY; IR MBS IEH T TR AR RIRA. T8
W RRITH, &EHIEMAER BB TR B,
s, ME R KFH ETEABERRK. EE05hI
&, AR ERIE B TSR AR, ZY)E TC. HGB
IKPTA, LUR DR B ITHI R £, ERKMARNE
HEiREMRESITEMER, MAEREIEFIE T
MBI KT AR, B THERE ST E R AR
UNER IR E I BTk E 2 A,
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