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(Shuvo et al., 2023).
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(Bartosiewicz et al., 2020).
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1,723,953% = A et 3A .
AlE 2 AAN=1,752,429)el A #5-5 A8 o] FA ek AFAE AU
5 A9 14763227 3 5 AlE 1475688 = AR HAA AT
AP A3 Bl kM dA A AN=1,725429) & Z2FA9F 0, =5

of FHI ARSI WS ol&d oldAE AR F ZUlLEHE(Total

ol

cholesterol) 1,560,453%, E &= 2] Algte] =(Triglyceride) 15182257, 11 =4
2 Zy 2" E(HDL-Cholesterol)  1,055901%, AWE=AZA Zy2dHZ
(LDL-Cholesterol) 1,114,471, &%+ 3w (fasting glucose) 770,861 S X3
3} A tH(Figure 3).

HoATE I FAET FgdT &7 AYE TE A A3
%2 (IRB File No. AFMC 2023-08-002-001)-& %2 < A]d % 3},

Soldiers who underwent the first corporal health examination
from Jan. 2015 to Sep. 2023
1,851,102 people

l

Soldiers aged 19 to 24
1,803,738 people

l

Soldiers affiliated with the Army, Navy, or Air Force
1,794,731 people

J

Soldiers of the rank of private first class, corporal, or sergeant
1,787,131 people

[

Soldiers who are at least 159cm tall but less than 204cm
1,753,237 people

Excluding soldiers who under 18 and
over 25
47,364 people

Excluding soldiers not affiliated with the
Army, Navy, or Air Force
9,007 people

Excluding the ranks other than private
first class, corporal, or sergeant
7,600 people

Excluding soldiers who are less than
159cm tall or more than 204cm tall
33,894 people

NN

Excluding soldiers who weigh less than
l 40.45kg or more than 145.65kg
808 people

AV VNV VY

Soldiers who weigh at least 40.45kg but less than 145.65kg
1,752,429 people

Figure 3. Process of selecting study subjects for analysis in body mass

index
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3. 474
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ali

2

Toll o]g¥ Mink ¥¥ W A A

lo

2 Z2AME AT oA
of A 2 AT ArE AAZFEAF(Body mass index, BMDE ©]-83}%1
th BMIgE A5 (kg)S AFe] AF(m)o= U o= Hwhe] 4 Ax=
AoAREE AL k. o] AFelAE AFudAte] BMIM tid] WHO(Asia
pacific region)®} thgHH|TFSES(H]TF R B A 2022) 4 Algsls 7= #

aske] RS A oSk tH(WHO, 2000; i &kH]wkes]) 2022). BMIE 7o ®

=

A A = (Underweight) < 18.5kg/m‘ gk A4 Al (Normal weight)<

185kg/m o4 23kg/m  HW, W A @A@AF EE 9

il

Al
Z)(Overweight))= 23kg/m ©]4F 25kg/m vlwHo] k. H]FH(Obesity)= 3T 2
R 197 9 (Pre obese)e 25kg/m ©14F 30kg/m Tl 28kA wlw
(Obese 1)< 30kg/m ©]4F 35kg/m T HF 397 H]WH(iL%E H]WH(Obese 2)&
35kg/m; o] o]t (Table 1).

Table 1. Body mass index(BMI) classification

Category BMI(kg/ml)

Underweight < 185
Normal weight 185 - 229
Overweight 23 - 249
Obesity Pre obese (Stage 1) 25 - 29.9
Obese 1 (Stage 2) 30 - 34.9

Obese 2 (Stage 3) > 35
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Table 2. Blood pressure classification
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Systolic blood pressure

Diastolic blood pressure

Category (mmHg) (mmHg)
Normal blood pressure < 120 And < 80
Elevated blood pressure 120 - 129 And < 80
Prehypertension 130 - 139 Or 80 - &9
Hypertension Grade 1 140 - 159 Or 90 - 99
Grade 2 >160 Or >100
Isolated systolic hypertension >140 Or < 90
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dol MY AlE SAHL Uk Aol ofd ERle o] Y= MEE &S
Aefe] H oA Al 3 (Best corrected visual acuity, BCVA)S. 2 ZA 3},
ol Al Al AAbell AbEetE A A1 Al EHARETE §lo] dell A E38] ARE-

Fria L HHA 3ME ALY E

+
Ni

1S 72 &tk A9 4
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7102 dAHAL gEo FE Hok(Fasting glucose) ¥ A4 A REE
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=9 28 = (Total cholesterol), E & &2 Alglo] =(Triglyceride), 118 =% 2
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Ya =B + B*Timep + P=Interventiony + P*Time_after_Policysy + en

- B IR AREAA S i) 2 Ee Y F SEHTY FE
(Level) W3}gk
- B NS ol % Ad el a3t wkd® FAl(Trend)
- Time, (TIME) @ a9 AAE Az7F &3 7]3be] As5d o FA(A%
&)
(20154 1€5¥ 20239 9¥714 € @92 14 S7h
- Interventiony (X) : 2019\ 4¥ 2wlEZ ALE 37} AlAH
i =0, A F=1)

- Time_after_Policy 5, (XT) : A& 79 o] % 7[ZH(A£5H)
0

- ey (Standard Error) @ %22k

- & AIA(2015E 1€97E 2023 9€7bA o] ¥ w9l ® W ststeE 4])

BE BAA A4S SAS 94 version(SAS Institute Inc., Cary. NC, USA)
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V. 9a+2%

L aTaaRe du 54

20151355 202313 9L 7FA] AAlE 17524297 2] 12 AW AAHZ A=
wASE Ay A=l oidAls 20151 21596178 (12.3%), 20161 199,544
(11.4%), 20173 216,089 (12.3%), 2018 197,203 (11.3%), 20191 201,819
(11.5%), 20201 191,084 (10.9%), 20213 213,3127 (12.2%), 2023 135,030
(71.7%)2.2 2017\d 0] 7} @kt

A2 w194 106,228%(6.1%), R 204 757,14578(43.2%), w214
623,624 (35.6%), Tt 2241 174,658 (10.0%), Wk 2341 60,5779 (3.5%), ®F 244
30,1978 (1.7%) 2.2 1 20417} 717 2k}

TH ) L] SRl webd EstE Fow Y AgelA e S
, FwoR FEIAY. e wE AT S 1,499,958 (85.6%),
36,1437 (7.8%), &~ 116,328 (6.6%) ©] t}.
2 d® 4656657 (26.6%), AW 1,165578%8(66.5%), WA 121,186
(6.9%) <] tH(Table 3).
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Table 3. General characteristics of study subjects

Korean Armed Forces’s Health Examination

Category
N %
Year
Total 1,752,429 100.0
2015 215,961 12.3
2016 199,544 114
2017 216,089 12.3
2018 197,203 11.3
2019 201,819 11.5
2020 191,084 10.9
2021 213,312 12.2
2022 182,387 10.4
2023 135,030 7.7
Age
Total 1,752,429 100.0
19 106,228 6.1
20 757,145 43.2
21 623,624 35.6
22 174,658 10.0
23 60,577 35
24 30,197 1.7
Military branch
Total 1,752,429 100.0
Army 1,499,958 85.6
Navy 136,143 7.8
Air force 116,328 6.6
Rank
Total 1,752,429 100.0
Private first class 465,665 26.6
Corporal 1,165,578 66.5
Sergeant 121,186 6.9
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2. ¥ BMI 579 Zo]

20159 1€58 20239 9€7bA AlgE 12 AW AdHd AsE 4

=~

M
rob

A3t 20159 thdAF 215961 A rd AAabo] 106,912 (495%) 02 744
Bokar vivk AGA, vk AA T ol

20153 F-E] 2023 997bA] kel did Az g BekEd 20161 93,021
4(46.6%), 2017 97,01178(44.9%), 2018\ 84,4227 (42.8%), 20191 86,8583
(43.0%), 2020} 79,6917 (41.7%), 20213 856207 (40.1%), 2022 71,2364
(39.1%)°] At}

201617 2017 9] B4 giaAE 2015903 e sEo8 A4 Hut A
oA, BRE AAF So=E B@ekoy 20189 F-H = HIREQD AR HivE A
ARl tdAFE T wolbdth 2018 M RE ATHAIQl o AbE 52,8447 (26.8%) 2
=, HRkel ti =} 58,1627 (29.5%)°l Hlal 2.7%p Skt 20239 9974A A

&, vk, wiek AEA, AAT o Wkt
AA g 5 vjuke] sgahs 2 20156 23.6%00 41, 20231 d 9L 7HA
A 220 341% vlws) = 105%p &5kom wd FEd] Frhehe &

A}olth(Table 4).
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Table 4. Trends of BMI classification by year

Obesity
Total Underweight” Nor.malf Overweight*
Year weight Pre obese’  Obese 1' Obese 27
N(%)
2015 215,961(100) 3,587(1.6) 106,912(49.5) 54,730(25.3) 43,763(20.3) 6,394(3.0) 575(0.3)
2016 199,544(100) 2,914(1.5) 93,021(46.6) 52,485(26.3) 44,142(22.1) 6,436(3.2) 546(0.3)
2017  216,089(100) 1,865(0.9) 97,011(44.9) 58,607(27.1) 51,916(24.0) 6,431(3.0) 259(0.1)
2018 197,203(100) 1,775(0.9) 84,422(42.8) 52,844(26.8) 49,960(25.3) 7,697(3.9) 505(0.3)
2019 201,819(100) 2,166(1.1) 86,858(43.0) 52,5625(26.0) 51,267(25.4) 8,398(4.2) 605(0.3)
2020 191,084(100) 2,061(1.1) 79,691(41.7) 51,148(26.8) 49,331(25.8) 8,261(4.3) 592(0.3)
2021 213,312(100) 2,307(1.1) 85,620(40.1) 57,167(26.8) 57,576(27.0) 9,842(4.6) 800(0.4)
2022 182,387(100) 2,773(1.5) 71,236(39.1) 46,723(25.6) 50,557(27.7) 10,047(5.5) 1,051(0.6)
2023 135,030(100) 2,608(1.9) 52,799(39.1) 33,668(24.9) 36,972(27.4) 7,952(5.9) 1,031(0.8)

“Underweight: BMI<18.5kg/m

* Normal weight: 18.5kg/ ml <BMI<23kg/ mz
¥ Overweight: 23kg/m"£BMI<25kg/ml

¥ Pre obese: 25kg/ mz <BMI<30kg/1 ml
'Obese 1: 30kg/; m" <BMI<35kg/1 ml

[

YObese 2: 35kg/m <BMI
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201549 1958 2023 9€7HA] AldlE 12 AW A73Ax A =
2015 ti7d=F 211,807H = @t deAl 103,357 (48.8%), 1 E <} 8836
(4.2%), 201611 196,114% T ¥t deA 97,0257 (49.5%), 1 E St 85739
(4.4%), 20173 7=} 213,089 & @Y AA 104,664 (49.1%), 13t
7,568 (3.6%), 20180l ZFA}oll Zreddt 1940097 & wdF HhAl 93,8347
(48.4%), 118} 7,729% (4.0%), 2019 F 198,325% & & AA 98027
4(49.4%), 18t 91744 (4.6%), 20201 =} 188,168 = S Ak
92,54278 (49.2%), &t 7568 (4.0%), 2021 ZAFel Frolst 210,057H <
e HATA 101,781 (48.4%), 1} 85999 (4.1%5), 2022\d 179,372
et AeA 87,2587 (48.6%), LB 75399 (4.2%), 202310 9€ 7R 9] A
A7 AR} 13301278 & 89 Al 65,0587 (48.9%), L8 5,724
43%)01 Atk A4 AZARA Az ostwl wid of 4% ulele] uHY &
£2 7ML A Table 5).
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Table 5. Trends of Blood pressure classification by year

Total Normal ) Prehypertension’ Hypertension®
Year blood pressure”
N(%)

2015 211,807(100) 99,614(47.0) 103,357(48.8) 8,836(4.2)
2016 196,114(100) 90,516(46.1) 97,025(49.5) 8,573(4.4)
2017 213,089(100) 100,857(47.3) 104,664(49.1) 7,568(3.6)
2018 194,009(100) 92,446(47.6) 93,334(48.4) 7,729(4.0)
2019 198,325(100) 91,124(46.0) 98,027(49.4) 9,174(4.6)
2020 188,168(100) 88,058(46.8) 92,542(49.2) 7,568(4.0)
2021 210,057(100) 99,677(47.5) 101,781(48.4) 8,599(4.1)
2022 179,372(100) 84,575(47.2) 87,258(48.6) 7,539(4.2)
2023 133,012(100) 62,230(46.8) 65,058(48.9) 5,724(4.3)

“Normal blood pressure: SBP<120mmHg and DBP<80mmHg

' Prehypertension: 120mmHg < SBP<140mmHg and 80mmHg <DBP<90mmHg

¥ Hypertension: 140mmHg <SBP or 90mmHg <DBP
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4. BMI B¢ W3} 3o

2~utEE Abgo] BMIY oW d3g mH=A Hrietr] s dA oAt
(N=1,752,429)°] et 41§ AAsttt 20159 1956 20239 9€7bA4 <] 1
2 A A7 sl dig GAA AAYE 24 A w2 §7F Ao
B BMIE 20.6425% tH(p<0.0001). 2PtEZE AR 3]7F o]d BMIE= wig o
o2 0.0119% FT7FsFA tH(p<0.0001). AFE &7} HFol= Hit BMIZF
0.1129 48k th(p<0.0001). 87} o]F BMI®| W3tz g FdHow
0.00399%FF F7F=2 7Aaste] vl Hit BMIS F7H&2 0.00791%, BMIQ|
S7HF E38hE A th(p<0.0001). A iAol A BMIE= #%3 F7tstv 87t
o] o] 7] & 7= 87} o)l nlE} ghwketAl FrletE EF ol ATh

AA oAM= Aol 14 F7HE+% BMIF 4o & 01311 F7}

N

=

=

A THp<0.0001). H3F S0 H]3] 372 BMIZF Hir % o2 0.30645HF ¢
3, S-S 0.1988%WHE = 4 tH(p<0.0001). dH el wHls] AH o] BMI= Hr % o
2 0.1034%HF, WA 016779 93k tH(p<0.0001) (Figure 4).
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Figure 4. Segmented regression analysis of BMI before and after

smartphone allowance in total group
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AA T (N=22,056)1 A1 #A1gk Aol w2 &7t 7o) Hi BMIE
17.9639% tH(p<0.0001). ~vlEEZ ALE 37} 2 BMIE v
0.002976% Z7}sl A tHp<0.0001). AH& 317} A Felli= 3 BMIZ}F 0.0371 7t
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e
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a2
lo
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(p<0.0001). AAFAAM= AvEEZE ARS 87} o] BMIZE 53] S 78t
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Tk Awol 1Rk F74e wivitk BMI= 2 2= 0.007803%Fa wEokont
o= frolshAl FUTHpP=0.0594). «Eell W& WaE durd S Hl& ¥
& BMIZF B4 oz 0019695 Ska(p=0.148), s 0.005676%F =
Ko (p=0.7551) 5 rolskA Fskth. AWl s el BMI= Hir Ao
= 0.008804%5 =9k aL(p=0.3228), W& 0.0241%H= £k o v (p=0.1391) ©]

v BF fFYshA 2 dth(Figure 5).
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Body mass index (BMI)
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Figure 5. Segmented regression analysis of BMI before and after

smartphone allowance in underweight group
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(p<0.0001)(Figure 6).
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Figure 6. Segmented regression analysis of BMI before and after

smartphone allowance in normal weight group
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HIRE A A (N=459,897)& w418 Aol W2W 37 e Hi BMI=
23.7184°] A tH(p<0.0001). =wtEE AR 3|7} o] BMIv= wiY Hd o=
0.000599% & 7}aF A tH(p<0.0001). AH& 3] 7F A Felli= 3t BMIZF 0.0111%F
A8 THP=0.001). Z=WtEE ARS $17F o] $elli= BMIZ} wig A o=
0.0000249%H= 7= F7hstd ot ol skA 2 A (p=0.8284).

Aol 14 T71E8545 BMIE B oz 0.00713%F S 7FtH(p<0.0001).
Sl vl TS BMIZF Hr o2 0.0159%9HE B9k a(p<0.0001), &S
001119+ =*th(p=0.0002). Lol Hls] W BMle HudHoz
0.007582(p=0.0001), W42 0.0127%HF Sk tH(p=0.0006)(Figure 7)(Table 6).
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Body mass index (BMI)
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Figure 7. Segmented regression analysis of BMI before and after

smartphone allowance in overweight group
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Table 6. Segmented regression analysis of BMI before and after
smartphone allowance in total, underweight, normal weight and

overwelght group

Category B-Estimates Standard Error t Value Pr > |t
Total
Intercept 20.6425 0.05 412.8 <.0001
before April 2019 0.0119 0.00025 47.67 <.0001
smartphone allowance -0.1129 0.0102 -11.08 <.0001
from April 2019 -0.00399 0.000342 -11.68 <.0001
Age 0.1311 0.002399 54.64 <.0001
Air force -0.3064 0.009986 -30.68 <.0001
Navy 0.1988 0.009211 21.58 <.0001
Corporal -0.1034 0.005564 -18.58 <.0001
Sergeant -0.1677 0.0106 -15.76 <.0001
Underweight
Intercept 17.9639 0.0857 209.6 <.0001
before April 2019 0.002976 0.000426 6.98 <.0001
smartphone allowance -0.0371 0.0184 -2.02 0.0434
from April 2019 -0.005623 0.000557 -10.09 <.0001
Age -0.007803 0.004138 -1.89 0.0594
Air force -0.0196 0.0136 -1.45 0.148
Navy 0.005676 0.0182 0.31 0.7551
Corporal 0.008804 0.008904 0.99 0.3238
Sergeant 0.0241 0.0163 1.48 0.1391
Normal weight
Intercept 20.6209 0.0284 726.6 <.0001
before April 2019 0.002399 0.000131 18.28 <.0001
smartphone allowance -0.0428 0.005513 =7.77 <.0001
from April 2019 -0.003657 0.000184 -19.87 <.0001
Age 0.0301 0.001366 22.03 <.0001
Air force -0.0608 0.005272 -11.53 <.0001
Navy 0.1925 0.005246 36.7 <.0001
Corporal 0.007708 0.003082 2.5 0.0124
Sergeant 0.0387 0.005747 6.74 <.0001
Overweight
Intercept 23.7184 0.0178 1333 <.0001
before April 2019 0.000599 8.37E-05 7.15 <.0001
smartphone allowance -0.0111 0.003389 -3.29 0.001
from April 2019 0.0000249 0.000115 0.22 0.8284
Age 0.00713 0.000855 8.34 <.0001
Air force -0.0159 0.003458 -4.6 <.0001
Navy 0.0111 0.002961 3.75 0.0002
Corporal -0.007582 0.001974 -3.84 0.0001
Sergeant -0.0127 0.003711 -3.43 0.0006
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Figure 8. Segmented regression analysis of BMI before and after

smartphone allowance in total obese group
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Figure 9. Segmented regression analysis of BMI before and after

smartphone allowance in obesity (Stage 1) group
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0.0333%+F =4tHp=0.0023). HE 00199 =gtoy o= frolshA &k
(p=0.3971)(Figure 10).
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Figure 10. Segmented regression analysis of BMI before and after

smartphone allowance in obesity (Stage 2) group
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F #asded ole fFodA FUtHp=0.2099). A& 37t A 3o
BMI7} 0153775 ZHastd=dl foskAl &% th(p=0.098). Z=vtEE AE 3§
7F o] Foll= 7 ol WE e Frr-g oz BMIZF Mg 001629+ S 7183
TH(p<0.0001).

oA#o] 14 F71e winit} BMIE Hit 014475 Eob# th(p<0.0001). &
of wE ®gtE AHHH Sato] vd] Fur> BMIZF H A4 o2 (.1893 wokal
(p=0.0554), @2 0.0444%HF =R 2 (p=0.6411) °o]= EF FoI3tA &%
ok dde] mle] el BMIE BiA oz 00215 =%i(p=0657), B
0.0175 S8k o (p=0.8529) EF F9latA] e skth(Figure 11)(Table 7).
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Figure 11. Segmented regression analysis of BMI before and after

smartphone allowance in obesity (Stage 3) group
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Table 7. Segmented regression analysis of BMI before and after

smartphone allowance in total obese (Stage 1, 2, 3) group

Category B-Estimates Standard Error t Value Pr > |t

Total obese

Intercept 26.7015 0.0686 389.1 <.0001
before April 2019 0.000832 0.000376 2.21 0.0269
smartphone allowance 0.0206 0.0145 1.42 0.1555
from April 2019 0.007919 0.000493 16.05 <.0001
Age 0.0368 0.003274 11.23 <.0001
Air force -0.151 0.0145 -10.45 <.0001
Navy -0.323 0.0128 -25.27 <.0001
Corporal -0.0537 0.007659 -7.01 <.0001
Sergeant -0.1304 0.0156 -8.37 <.0001
Pre obese (Stage 1)

Intercept 26.5942 0.0423 628.8 <.0001
before April 2019 0.001263 0.000215 5.88 <.0001
smartphone allowance 0.005111 0.008311 0.61 0.5386
from April 2019 0.000267 0.000284 0.94 0.3474
Age 0.006866 0.002023 3.39 0.0007
Air force -0.0229 0.008503 -2.69 0.0072
Navy -0.1209 0.007493 -16.13 <.0001
Corporal -0.0365 0.004676 -7.81 <.0001
Sergeant -0.08 0.009421 -8.49 <.0001
Obese 1 (Stage 2)

Intercept 30.9869 0.1006 307.9 <.0001
before April 2019 -0.000967 0.000534 -1.81 0.0702
smartphone allowance 0.049 0.02 2.45 0.0145
from April 2019 0.004769 0.000674 7.08 <.0001
Age 0.0277 0.004796 5.77 <.0001
Air force -0.1042 0.0205 -5.08 <.0001
Navy -0.0896 0.02 -4.49 <.0001
Corporal 0.0333 0.0109 3.05 0.0023
Sergeant 0.0199 0.0235 0.85 0.3971
Obese 2 (Stage 3)

Intercept 33.4937 0.4361 76.8 <.0001
before April 2019 -0.002939 0.002344 -1.25 0.2099
smartphone allowance -0.1537 0.0929 -1.66 0.098
from April 2019 0.0162 0.00288 5.63 <.0001
Age 0.144 0.0207 6.97 <.0001
Air force -0.1893 0.0988 -1.92 0.0554
Navy 0.0444 0.0952 0.47 0.6411
Corporal 0.0215 0.0485 0.44 0.657
Sergeant -0.0175 0.0945 -0.19 0.8529
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Figure 12. Segmented regression analysis of BMI before and after

smartphone allowance in normotensive group
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Figure 13. Segmented regression analysis of BMI before and after

smartphone allowance in prehypertension group

_55_




1SR (N=71,310)9] 2=mtEE A& 87} W Ht BMIE 20.38470]%1
(p<0.0001). AVFEZE AME 3|7F A BMIE wie Hd 2 o2 0.007321% Z7}+8)
% tHp<0.0001). 37} 2% Ha+ BMIE= 0.0342 S7H8ou ol #98kA4 29
TH(p=0.5822). Z=mtEE AL 37 o]% BMIE wie H 001394 F7t=2 5
7Fetdar o= ARG B 7F ol Hell vl ThatE Al FThske ol tH(p<0.0001).

g wellME Aol 1vbE F7bE wiwitl BMIE Ao & 0.2313%HF
oA tH(p<0.0001). §toll w3 ¥+ BMIZE Bt 0.5485%H, kol A &=
0.23797HF WA THp<0.0001). Lol Hl&] WA= FdA o= 0113297
(p=0.0006), B dolHE 032799 S 4H(p<0.0001).

Fotell whet oidAtE BRete] ARus W AdEYT Y 218G AdAT

M= AvlEZ AL F7F A

&
k-

AkA} wE 7} o]lHo] wlE kel A WP wbH uEdTtol Aol Hit

BMI7} &=vfEE ALS o] Hof H]|&|] o]$of H|&)] 7[u2 4] F7lsts Y-S H

% tH(Figure 14)(Table 8).
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Figure 14. Segmented regression analysis of BMI before and after

smartphone allowance in hypertension group
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Table 8. Segmented regression analysis of BMI before and after

smartphone allowance in blood pressure groups

Category B-Estimates Standard Error t Value Pr > |t

Normal

Intercept 20.4045 0.062 32895 <.0001
before April 2019 0.011 0.000319 34.55 <.0001
smartphone allowance -0.1228 0.0129 -95 <.0001
from April 2019 -0.00645 0.000434 -14.87 <.0001
Age 0.1096 0.002973 36.87 <.0001
Air force -0.2552 0.0128 -19.9 <.0001
Navy 0.2875 0.0122 2354 <.0001
Corporal -0.0912 0.006934 -13.15 <.0001
Sergeant -0.1357 0.0136 -10.01 <.0001
Prehypertension

Intercept 20.8854 0.0746 279.97 <.0001
before April 2019 0.0134 0.000373 35.96 <.0001
smartphone allowance -0.1306 0.0153 -8.54 <.0001
from April 2019 -0.00326 0.000513 -6.34 <.0001
Age 0.1401 0.003579 39.13 <.0001
Air force -0.3688 0.0144 -25.64 <.0001
Navy 0.0357 0.013 2.76 0.0058
Corporal -0.0815 0.008274 -9.86 <.0001
Sergeant -0.2387 0.0157 -15.2 <.0001
Hypertension

Intercept 20.3847 0.3123 65.28 <.0001
before April 2019 0.007321 0.001532 4.78 <.0001
smartphone allowance 0.0342 0.0621 0.55 0.5822
from April 2019 0.0139 0.002081 6.67 <.0001
Age 0.2313 0.015 15.41 <.0001
Air force -0.5485 0.0669 -8.2 <.0001
Navy -0.2379 0.056 -4.25 <.0001
Corporal -0.1132 0.0332 -3.41 0.0006
Sergeant -0.3279 0.0593 -5.53 <.0001
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Systolic blood pressure
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Figure 15. Segmented regression analysis of systolic blood pressure before

and after smartphone allowance
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Diastolic blood pressure
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Figure 16. Segmented regression analysis of diastolic blood pressure before

and after smartphone allowance
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Table 9. Segmented regression analysis of systolic and diastolic blood

pressure before and after smartphone allowance

Variables BEstimates Standard Error t Value Pr > |tl
SBP
Intercept 119.2727 0.1955 609.99 <.0001
before April 2019 0.004978 0.001525 3.27 0.0011
smartphone allowance -0.1795 0.063 -2.85 0.0044
from April 2019 -0.007427 0.002102 -3.53 0.0004
Age -0.0117 0.00921 -1.28 0.2021
Air force 0.8037 0.0513 15.67 <.0001
Navy 1.6032 0.0441 36.32 <.0001
Corporal 0.0263 0.0232 113 0.2569
Sergeant 0.2294 0.0444 5.17 <.0001
DBP
Intercept 67.2545 0.1474 456.2 <.0001
before April 2019 0.0174 0.001189 14.63 <.0001
smartphone allowance -0.1766 0.0492 -3.59 0.0003
from April 2019 -0.0262 0.00164 -15.95 <.0001
Age 0.1661 0.006929 23.98 <.0001
Air force 1.4022 0.0393 35.69 <.0001
Navy 1.0446 0.0336 31.05 <.0001
Corporal -0.1282 0.0175 -7.33 <.0001
Sergeant 0.2419 0.0335 7.22 <.0001
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Left visual acuity
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Figure 17. Segmented regression analysis of left visual acuity before and

after smartphone allowance
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Right visual acuity
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Figure 18. Segmented regression analysis of right visual acuity before and

after smartphone allowance
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Table 10. Segmented regression analysis of left and right visual acuity

before and after smartphone allowance

Variables B-Estimates Standard Error t Value Pr > |tl

Left visual acuity

Intercept 1.1126 0.006129 181.54 <.0001
before April 2019 0.000111 0.0000543 2.04 0.0409
smartphone allowance -0.009426 0.002253 -4.18 <.0001
from April 2019 -0.000115 0.0000751 -1.54 0.1244
Age -0.001171 0.000286 -4.09 <.0001
Air force -0.0765 0.00188 -40.67 <.0001
Navy -0.00173 0.001437 -1.2 0.2287
Corporal -0.006304 0.000725 -8.69 <.0001
Sergeant -0.001448 0.001406 -1.03 0.3032

Right visual acuity

Intercept 1.1022 0.006248 176.42 <.0001
before April 2019 0.0000679 0.0000536 1.27 0.2049
smartphone allowance -0.00762 0.002223 -3.43 0.0006
from April 2019 -0.00012 0.0000741 -1.65 0.0979
Age -0.00129 0.000292 -4.4 <.0001
Air force -0.0708 0.001894 -37.37 <.0001
Navy -0.00202 0.001453 -1.39 0.1655
Corporal -0.00505 0.000739 -6.84 <.0001
Sergeant 0.000215 0.001432 0.15 0.8809
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Total cholesterol
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Figure 19. Segmented regression analysis of total cholesterol before and

after smartphone allowance
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Figure 20. Segmented regression analysis of triglyceride before and after

smartphone allowance
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Figure 21. Segmented regression analysis of HDL-Cholesterol before and

after smartphone allowance
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Table 11. Segmented regression analysis of total cholesterol, triglyceride

and HDL-Cholesterol before and after smartphone allowance

Variables B-Estimates Standard Error t Value Pr > |tl

Total cholesterol

Intercept 120.029 0.4788 250.7 <.0001
before April 2019 0.0575 0.004193 13.7 <.0001
smartphone allowance -1.7318 0.1698 -10.2 <.0001
from April 2019 0.0277 0.00569 4.87 <.0001
Age 2.3393 0.0224 104.57 <.0001
Air force 3.3623 0.1297 2592 <.0001
Navy -0.6257 0.1222 -5.12 <.0001
Corporal -0.2177 0.0567 -3.84 0.0001
Sergeant -0.2879 0.1082 -2.66 0.0078
Triglyceride

Intercept 487514 0.5519 88.33 <.0001
before April 2019 0.0197 0.004768 413 <.0001
smartphone allowance -1.4262 0.1911 -7.46 <.0001
from April 2019 -0.0145 0.006473 -2.23 0.0255
Age 1.3669 0.0258 52.97 <.0001
Air force 24119 0.148 16.29 <.0001
Navy 0.2884 0.1404 2.05 0.04

Corporal -0.4909 0.065 =755 <.0001
Sergeant -0.6308 0.1258 -5.01 <.0001
HDL-Cholesterol

Intercept 51.941 0.2207 235.31 <.0001
before April 2019 0.0442 0.00246 17.98 <.0001
smartphone allowance 0.1471 0.105 14 0.1612
from April 2019 -0.0364 0.003488 -10.43 <.0001
Age 0.0466 0.0101 4.61 <.0001
Air force 0.3942 0.0616 6.4 <.0001
Navy 0.1856 0.0609 3.05 0.0023
Corporal 0.1926 0.0263 7.31 <.0001
Sergeant 0.5302 0.0483 10.97 <.0001
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Figure 22. Segmented regression analysis of LDL-Cholesterol before and

after smartphone allowance
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Figure 23. Segmented regression analysis of fasting glucose before and

after smartphone allowance
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Table 12. Segmented regression analysis of LDL-Cholesterol, fasting
glucose before and after smartphone allowance

Variables B-Estimates Standard Error t Value Pr > |tl
LDL-Cholesterol
Intercept 62.2277 0.4793 129.82 <.0001
before April 2019 -0.018 0.004397 -4.1 <.0001
smartphone allowance 0.6924 0.1832 3.78 0.0002
from April 2019 0.0608 0.00613 9.92 <.0001
Age 1.8351 0.0223 82.19 <.0001
Air force 0.2008 0.1227 1.64 0.1017
Navy -0.0748 0.1153 -0.65 0.5165
Corporal 0.5962 0.0572 10.42 <.0001
Sergeant -0.2376 0.1077 -2.21 0.0274
Fasting glucose
Intercept 89.3027 0.188 475.09 <.0001
before April 2019 -0.0469 0.002684 -17.47 <.0001
smartphone allowance 1.6761 0.1046 16.03 <.0001
from April 2019 0.057 0.003597 15.84 <.0001
Age 0.0652 0.008113 8.03 <.0001
Air force 0.1667 0.0515 3.23 0.0012
Navy 0.3036 0.0555 547 <.0001
Corporal 0.0799 0.022 3.63 0.0003
Sergeant -0.0707 0.0467 -151 0.1301
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Underweight group
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Figure 24. Segmented regression analysis of LDL-Cholesterol before and

after smartphone allowance in underweight group
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g3 A T (N=487.186)1 A £=vbEE ARG 3]7F o] AWEAZE Ze 2

Hp<

it 64.349301H EF 2 2k= 0.7056°] A Hp<0.0001). & 7F ol d 7]&
Solx = o=, wid 0.0369%HE AT (p<0.0001). ERFEE ARE
AMEAAD FH2HE He 076785 S 7Fe A vH(p=0.0017). 2=}

A BT olF AWEAR ZesHBES W 007134 2R F719)

0.0001). 817} o] F 7] &7]l= S7tete A2 HIPTh

Aelo] 14 27 W AMEADY FelsuBe] WFL 1588%F HolH

H(p<0.00

NI

1=

ol M=

A]

01). 3 Hlws] T3 sidtoll A Hi AU=AA FYP2HE
Z+7F 0.7609(p<0.0001), 0.4823(p=0.0033)9FF =9kth AWl w3 AH
0.7976%FF =kthH(p<0.0001). B Ao A= 012069+ =9tor} o8t

& H(p=0.4273) (Figure 25)(Table 13).
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Figure 25. Segmented regression analysis of LDL-Cholesterol before and

after smartphone allowance in normal weight group
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Table 13. Segmented regression analysis of LDL-Cholesterol before and

after smartphone allowance in underweight and normal weight group

Variables B-Estimates Standard Error t Value Pr > |tl
Underweight
Intercept 66.3599 4.1405 16.03 <.0001
before April 2019 -0.0603 0.019 =317 0.0015
smartphone allowance 0.655 0.8252 0.79 0.4273
from April 2019 0.1145 0.0252 4.54 <.0001
Age 1.27 0.2001 6.35 <.0001
Air force 2.2403 0.6135 3.65 0.0003
Navy 2.502 0.9555 2.62 0.0088
Corporal 0.7137 0.4372 1.63 0.1026
Sergeant -0.6411 0.782 -0.82 0.4123

Normal weight

Intercept 64.3493 0.7056 91.2 <.0001
before April 2019 -0.0369 0.005689 -6.49 <.0001
smartphone allowance 0.7678 0.2441 3.15 0.0017
from April 2019 0.0713 0.008146 8.76 <.0001
Age 1.5823 0.0333 47.55 <.0001
Air force 0.7609 0.1582 4.81 <.0001
Navy 0.4823 0.1644 2.93 0.0033
Corporal 0.7976 0.0818 9.75 <.0001
Sergeant 0.1205 0.1517 0.79 0.4273
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H T A A (N=201,43D) el A 2=rtEE ALE 37} o] d AWLE=Xxd o=
B Z9] 2 65174701, EF 2 x= 0.9086°0] A THpP<0.0001). 3 7F o] wj
<2 0.03519HF AAaskAtHp<0.0001). =FFEE ARE §7F A% 0.84139HF =
o=l (p=0.0036), AH& 817} o]Fel= wid i 0.07WHF F7HE F7HsHA
THp<0.0001). A& &7} o]Hol = FHashe ol ot 87t ofF Frtste
Gl 7l=712 vl

HlRE AdA ol dge] 14 S/t v A-EXE S AHES] Hie
1723995 = tH(p<0.0001). Frol Hlsl| & kol A= 0.0565%H= S 7Fst
(p=0.7818), sfioll A= 0.1543%H5 Ak ot (p=0.4202) 25 2l shA|
k. el mlE A 0.91179E = kth(p<0.0001). W2 0.0758%HF

kot FrolstA & dthH(p=0.705)(Figure 26).
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Overweight group
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Figure 26. Segmented regression analysis of LDL-Cholesterol before and

after smartphone allowance in overweight group
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HIRFCA AN (N=321,288)el A= 87 ol syt 6811060l HE QA=
0.8938°] A tH(p<0.0001). &7k o] wi& 0.0157%F FHastH A &2 o= vro}
A= Fde 71e71E EAHp=0.0305). 317F AF 0.8041WHE st
(p=0.0049). 37} o] %ol = uid 0.0498%+= F7F= F7FtH(p<0.0001). & 7F
ol sk FolM STt ol F Flsks FEe] VIevlE M

Aol 14 71 dvid Ad=AdE ZHUAHES Fit 18118%E S7F
FH(p<0.0001). Fell Hlel Fwte] Wit 041587 (p=0.0468), Sl
1.5388%tE  SEktH(p<0.0001).  dHel  mls| AW 1.2338%E =
(p<0.0001). &2 027115 kA 8 Ak tH(p=0.1892)(Figure
27)(Table 14).

0
o o

Hi
o
i
Ho

_88_



Total obese group
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Figure 27. Segmented regression analysis of LDL-Cholesterol before and

after smartphone allowance in total obese group
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Table 14. Segmented regression analysis of LDL-Cholesterol before and

after smartphone allowance in overweight and total obese

Variables B-Estimates Standard Error t Value Pr > |tl
Overweight
Intercept 65.1747 0.9086 71.73 <.0001
before April 2019 -0.0351 0.007 -5.01 <.0001
smartphone allowance 0.8413 0.2891 291 0.0036
from April 2019 0.07 0.009775 7.16 <.0001
Age 1.7239 0.0428 40.24 <.0001
Air force 0.0565 0.204 0.28 0.7818
Navy -0.1543 0.1914 -0.81 0.4202
Corporal 0.9117 0.1069 8.53 <.0001
Sergeant -0.0758 0.2003 -0.38 0.705

Total obese

Intercept 68.1106 0.8938 76.2 <.0001
before April 2019 -0.0157 0.007255 -2.16 0.0305
smartphone allowance 0.8041 0.2861 2.81 0.0049
from April 2019 0.0498 0.009679 5.15 <.0001
Age 1.8118 0.0419 43.27 <.0001
Air force -0.4158 0.2091 -1.99 0.0468
Navy -1.5388 0.1929 -7.98 <.0001
Corporal 1.2338 0.1036 11.91 <.0001
Sergeant 0.2711 0.2065 1.31 0.1892
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10. BMI &5 W& 38 g3 W3 F0]

BMI ®Fo] uwe E dge Wi Folz EAMFHYT. AAFT
(N=10,152)0| /| Z=wlEE A& &7} o]d && ddeo] it 90.04930.2, %
T A= 175529 H(p<0.0001). &7} ol &5 ddeo PF2 ujE 0.0541%F

iy

A tH(p<0.0001). &7F A5 Hir& 1.9523%F S 7 TH(p<0.0001).
7} o] & Hitol Wl Y 0.047WF SR SUkekH AAAHQl 787
7V 7FEA fAdte FAelA gRtet
(p<0.0001).

AA SN A#Eo] 14 F71EF5 0.0004479HF  =olX tH(p=0.9958).
Sl vlE] Fa2 0.23759HF(p=0.4497), s 0.2734%HF ek on
(p=0.5495) R olstAl Lttt Lol Hla] dHee= HdAH o= 06062
T =Sk tHp=0.0013). W ol = e 0.1585%F kAW st skt
(p=0.6893)(Figure 28).
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Underweight group
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Figure 28. Segmented regression analysis of fasting glucose before and

after smartphone allowance in underweight group
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A T (N=334,408) ol 1 &= 2=t EE ALE 37} o]zl 3te] 90.1606°] 7
HFAE 02852 tHp<0.0001). 3 7F oA 7]&7]= Yol P = v
2 0.05218HF A ATHP<0.0001). APFEE AME F 5 P8 drro] Wi
1.7659%HF F7FtH(p<0.0001). 2=WFEE ALE o] wid FF Ao
F F7E Z7FTHp<0.0001). 317t o] & 7| &7]E FUtetE FAR

AT AT dFe] 14 F7FEE 0.009033%HF 7o 2 EkA]
OFITH(p=0.4826). &3 Hw3d Ty oA HF TE IQe 717}
0.0611(p=0.3809), 0.1388%+F =9k o 1H(p=0.0735) RF folskA] okt AW
of Ha AHelAE 017599 = $HtH(p<0.0001). H
ko FolskAl &gkt (p=0.1203)(Figure 29)(Table 15).
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Figure 29. Segmented regression analysis of fasting glucose before and

after smartphone allowance in normal weight group
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Table 15. Segmented regression analysis of fasting glucose before and

after smartphone allowance in underweight and normal weight

Variables B-Estimates Standard Error t Value Pr > |tl
Underweight
Intercept 90.0493 1.7552 51.3 <.0001
before April 2019 -0.0541 0.009199 -5.88 <.0001
smartphone allowance 1.9523 0.3708 5.26 <.0001
from April 2019 0.047 0.0117 4.02 <.0001
Age 0.000447 0.084 0.01 0.9958
Air force -0.2375 0.3142 -0.76 0.4497
Navy -0.2734 0.4568 -0.6 0.5495
Corporal 0.6062 0.1887 3.21 0.0013
Sergeant 0.1585 0.3964 04 0.6893

Normal weight

Intercept 90.1606 0.2852 316.17 <.0001
before April 2019 -0.0521 0.003317 -157 <.0001
smartphone allowance 1.7659 0.1334 13.23 <.0001
from April 2019 0.0612 0.004563 13.42 <.0001
Age 0.009033 0.0129 0.7 0.4826
Air force 0.0611 0.0697 0.88 0.3809
Navy 0.1388 0.0776 1.79 0.0735
Corporal 0.1759 0.0334 5.27 <.0001
Sergeant -0.1086 0.0699 -1.55 0.1203
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HIRE A A (N=201,488)0ll 4] AvtEE AFE 8]7F ol it 88.9867¢]

)

A EFELAE 0355 TH(p<0.0001). & 7F ol wid 0.0483%F tobxlth
(p<0.0001). 37} A% &5 o] FS 1.6941%HF =l th(p<0.0001). ==
AtEE ARG o] %o wig ot 0.0594%HE FUE S 7FsE A tH(p<0.0001). &
7b old 3 g2 A st olFoll= FUkske VIev]E KATH

HIRE AEA e Aol 14 S u " 0.07979E EobAt
(p<0.0001). F=rel Hl&| T2 01305% sekov  feJskA  erskth
(p=0.1347). ol A= 0.3356%bE wokal, o= 2 dtH(p=0.0002). &4l
vl A2 01268%E 9k a(p=0.0029). WAL 01963%hE AT

(p=0.0258)(Figure 30).
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Overweight group
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Figure 30. Segmented regression analysis of fasting glucose before and

after smartphone allowance in overweight group
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H WA AT (N=224,813)0l A= 317F o] HiF 89.27620]1 EE=Q A=
0.3386°] 21 tHp<0.0001). 317} o] A vl 0.0436%FF HAasty x| &Ho g vo}
A FdY 71€718 EAT(p<0.0001). &7t A5
(p<0.0001). =3k &7} o]% wid 0.0531%E F7H= F
opA = ¢l 71&7lE W TH(p<0.0001).

(A Aol A= dd el 14 S7HE wivity g5 I3 Ht 0
S7FATH(p<0.0001). el Hla] &wte] B2 003995 Eko o=
o8kA] FktH(p=0.637). 2 0.316%HF ki Ho HTHp=0.0005). LMol
Hla] e 0.23897HF = hth(p<0.0001). WS 0

A ek tH(p=0.5761)(Figure 31)(Table 16).
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Figure 31. Segmented regression analysis of fasting glucose before and

after smartphone allowance in total obese group
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Table 16. Segmented regression analysis of fasting glucose before and

after smartphone allowance in overweight and total obese

Variables B-Estimates Standard Error t Value Pr > |tl
Overweight
Intercept 88.9867 0.355 250.64 <.0001
before April 2019 -0.0483 0.004038 -11.96 <.0001
smartphone allowance 1.6941 0.1574 10.76 <.0001
from April 2019 0.0594 0.005453 10.89 <.0001
Age 0.0797 0.016 4.98 <.0001
Air force -0.1305 0.0872 -15 0.1347
Navy -0.3356 0.09 -3.73 0.0002
Corporal 0.1268 0.0426 297 0.0029
Sergeant -0.1963 0.0881 -2.23 0.0258

Total obese

Intercept 89.2762 0.3386 263.69 <.0001
before April 2019 -0.0436 0.004427 -9.85 <.0001
smartphone allowance 1.5659 0.162 9.67 <.0001
from April 2019 0.0531 0.00568 9.34 <.0001
Age 0.0943 0.0148 6.39 <.0001
Air force 0.0399 0.0846 0.47 0.637
Navy -0.316 0.0907 -3.49 0.0005
Corporal 0.2389 0.039 6.12 <.0001
Sergeant -0.0486 0.0869 -0.56 0.5761
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Abstract

A interrupted time series analysis on smartphone use and
obesity
: A natural experiment of Korean Armed Forces case

Kim Tae Hyun
Graduate School of Public Health

Yonsei University, Seoul, Korea

(Directed by Professor Heejin Kimm, M.D., Ph.D.)

Background: Obesity is known to be a cause of various chronic
diseases and is related to mortality. However, the population of obesity
Is increasing every year, and the military is also striving to reduce the
proportion of obese soldiers and increase the proportion of soldiers
with appropriate weight. Globally, smartphones are pointed out as one
of the major causes of obesity, and many previous studies have
revealed the relationship between smartphone use and obesity.
However, most studies confirming the relationship between smartphone
use and obesity are cross-sectional studies, which have the limitation
of explaining causality. In this regard, this study can be used as a

basis for inferring the causal relationship between smartphone use and
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obesity through a quasi-experimental study using interrupted time
series analysis. In the military, there is a clear point in time when the
policy of allowing smartphone use was implemented, so more advanced
research results can be confirmed under conditions close to natural
experiments without artificial control. In this study, we aim to study
the relationship between smartphone use and obesity by comparing the
body mass index before and after the military’ s permission to use
smartphones.

Sample & Methods: This study examines the body mass index by
comparing the National Health and Nutrition Survey (KNHANES) data from
2015 to 2021 and the health examination data of soldiers conducted from
2015 to September 2023. Based on the health examination data of soldiers,
an interrupted time series analysis was conducted to see how the body
mass index of Korean men aged 19-24 changes before and after April 2019,
the point at which smartphone use was permitted in the military.

Results: Upon examining the body mass index of men aged 19-24, it
was found that the average body mass index of all subjects
significantly decreased based on April 2019, and the trend of average
body mass index increase after smartphone use also changed to a
gradual increase, all of which were statistically significant. The body
mass index significantly increased as the age increased, in the order
of Air force, Army, and Navy, and as the rank was lower. In the

underweight group, the body mass index was significantly reduced, and
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in the obese and hypertensive groups, it was confirmed that the body
mass index significantly increased.

Conclusion: This research aimed to investigate the impact of
smartphone use on obesity. As a result, after April 2019, the body
mass index in groups not falling within the appropriate weight ratio
(18.5=<BMIK25) significantly changed in a direction that negatively
affects health. Through this, it was confirmed that the wuse of
smartphones has a significant correlation with obesity in the obese and
hypertensive groups. Based on these research results, it is necessary
to recognize the risks of smartphones and devise ways to reduce the

obesity rate.

Key words: smartphone, body mass index(BMI), obesity, hypertension, military
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