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Clinical Course of Surgical Treatment for Adult Obstructive Sleep Apnea and the
Natural Course of Untreated Patients
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ABSTRACT

Objectives: The primary objective of this study was to evaluate the clinical course of adult obstructive sleep apnea
after surgical treatment by comparing the natural courses of untreated patients. We aimed to identify factors
influencing long-term changes in the apnea-hypopnea index (AHI) and to determine the duration of sustained
surgical success. Methods: We retrospectively analyzed 74 adults (43 untreated, 31 surgical groups) with two separate
polysomnographies (PSG). The surgical treatment group underwent PSG for pre/post-operative evaluation, while the
untreated group underwent re-evaluation due to persistent symptoms. Severity was defined by AHI. Surgical treatment
primarily included tonsillectomy and palatal procedures. Outcomes were compared by duration following surgery
or no treatment (<36 vs. =36 months). Multivariate regression, adjusted for age, evaluated the impact of follow-up
duration and body mass index (BMI) changes. Results: In the untreated group, significant AHI deterioration occurred in
moderate cases (p=0.025). The surgical treatment group showed significant AHI reduction within 36 months (p=0.001),
but AHI rebounded toward baseline after =36 months, accompanied by weight gain (p=0.005). Even after adjusting
for BMI and age, AHI naturally increased by 0.37/hr per month post-surgery (p=0.001), suggesting a time-dependent
decline in efficacy. Conclusion: Surgical treatment offers excellent short-term outcomes, but efficacy diminishes after
3 to 5 yr. Our model predicts surgical benefits are completely offset at 53.6 months, likely due to weight gain and the
loss of anatomical support from tonsillectomy. Continuous weight management and regular long-term follow-up are
essential for maintaining surgical success.
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A HAE A &AE FARR] s AP Full-night
level 1 PSG Hlo]ETHS A& 01| scoring ZF AAF 2
7t Aldof dxE 7H #419] AASM Scoring Manual 7]
Zo] wat BA5t9hY Split-night -2 titration PSG €l
ofEl= B4 AlLjsto] KT spAdE FA6HIH.
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(Epworth sleepiness scale), PSQI(Pittsburgh sleep qual-
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A 23535 Al7Hlongest apnea duration, LAD), A AtA
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B AFol= F 749 A9 OSA A7 2eE9loH, o]
% HA2 599 (80%), /42 15(20%)°1Utt. °] & 43‘:“‘
(58%)2 PAP 5-& 35t ojwst o5k X7 kx| o
Agaolglon, 313(42%)2 F&4 NaE AT a5
o]t F ¥ PSG 7+ Bt 1H42 39.3+40.27HL0l Yt

A HA PSGY| 8 A= et AT 46.1+12.04], BMI
28.1+5.3 kg/m* AHI 48.2+28.8/hr, Min O, sat 75.3+
9.2%, LAD 52.1£25.3 s, ESS 9.4+5.0, PSQI 8.2+3.2°]%}
o} FHA PSGY 8 AF= B A¥ 49.4+12.64], BMI
28.1+4.6 kg/m* AHI 45.5+28.5/hr, Min O, sat 77.9+
7.9%, LAD 42.2423.5 s, ESS 7.7+4.1, PSQI 7.2+3.0°]
Aok F HAF 7 A7, Min O: sat, LAD, ESS, PSQICA &
9l $2(p=0.000, 0.008, 0.002, 0.008, 0.029)°] Z}o]7}
ﬂolE] O}, BMI= 593t Hsl7t ¢lAtHTable 1).

FEHn=31)9 4, A9 a5 Ha Folof et

QU 5%0] ARSI 0] F 248 e BEGAEo] X3}
B 54E WL, 2698 AL @ PG Sdol XgE 4
£2 ugton], WA £47L o F 242 UE EX WU
of Agure SRR A,

FaTd FARTEY| v A= PSG 7 AR AolA=
Folm|gk Zol7k gigloH, &4 AgE W o] FX &
ool H]af| & ¥9] PSG AL BT Bt Aol o Y2 o=
BRI ATH1™ PSG 39.7+9.3A] vs 50.6+ 12.041, p*=0.000,

Table 1. Comparison of polysomnographic and clinical parameters
between initial and follow-up examinations (n=74)

Variables 1% PSG 2" PSG p-value
Age (yr) 46.1%£12.0 49.4+12.6 0.000"
BMI (kg/m?) 28.1+5.3 28.1+4.6 0.906
AHI (/hr) 48.2+28.8 455+28.5 0.442
Min O, sat (%) 75.349.2 77.9+7.9 0.008"
LAD (s) 5214253 4224235 0.002"
ESS 9.4%5.0 7.7+4.1 0.008"
PsQl 8.2+3.2 7.2£3.0 0.029°
"p<0.05.

"p-values were derived using the paired t-test to compare initial (1st)
and follow-up (2nd) PSG parameters.

PSG: polysomnography, BMI: body mass index, AHI: apnea-hypopnea
index, Min O, sat: minimal O, saturation, LAD: longest apnea duration,
ESS: Epworth sleepiness scale, PSQI: Pittsburgh sleep quality index.

2" PSG 42.9+10.44] vs 53.7+12.4A], p*=0.000: *paired
t-test).
S&70] A HAe} T WA PSG vl A¥}, ESSE 5-9ju]3h
Al A2:3FAtHp=0.004). FA =2 A AL} F HA PSG
v 23}, LAD+= §9R|oHA 745t tHp=0.004; Table 2).

Table 2. Clinical characteristics and PSG parameters at initial and
follow-up examinations within the surgical treatment and untreated
groups

Variables 1% PSG 2PSG  p-value'
Surgical treatment group
(n=31)
Age (yr) 40.0£9.1 43.4£10.5 0.000°
BMI (kg/m?) 29.0+5.1 29.5+4.4 0.109
AHI (/hr) 53.3+28.6 46.1£27.1 0.291
Min O, sat (%) 73.9+9.4 77.2+7.3 0.058
LAD (s) 50.2+23.4 438229 0.144
ESS 10.3+4.9 7.124.1 0.004
PSQl 7.2423 6.3+2.9 0.151
Untreated group (n=43)
Age (yr) 506+12.0  53.7+124  0.000
BMI (kg/m?) 27.4+54 27.0+4.6 0.357
AHI (/hr) 44.6+28.6 45.1£29.8  0.904
Min O, sat (%) 76.319.1 784184 0.070
LAD (s) 53.4+26.8 41.0£24.0 0.007"
ESS 8.5+5.0 8.2+4.2 0.630
PsQl 9.0£3.7 8.0£3.0 0.109

"p<0.05.

"p-value was calculated by paired t-test comparing 1st PSG and 2nd PSG
within each group.

PSG: polysomnography, BMI: body mass index, AHI: apnea-hypopnea
index, Min O, sat: minimal O, saturation, LAD: longest apnea duration,
ESS: Epworth sleepiness scale, PSQI: Pittsburgh sleep quality index.
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Table 3. Comparison of follow-up duration and clinical changes between the surgical treatment and untreated groups

Variables Surgical treatment group (n=31) Untreated group (n=43) p-value'
Time between PSGs (month) 40.4+45.6 38.6+£36.4 0.852
AAHI between PSGs (/hr) -7.1+£36.9 0.5+24.5 0.324
ABMI between PSGs (kg/m?) 0.52+1.75 -0.32+2.29 0.076
AESS between PSGs -3.245.2 -0.444.1 0.011
APSQI between PSGs -0.9+2.5 -1.0£2.9 0.876

"p<0.05.

“p-value was calculated by independent t-test comparing the surgical treatment and untreated groups.

A (Delta) indicates the value of 2nd PSG minus 1st PSG.

PSG: polysomnography, BMI: body mass index, AHI: apnea-hypopnea index, ESS: Epworth sleepiness scale, PSQI: Pittsburgh sleep quality index.

2t Aol 7k YA H(p=0.852), &
oA B = ojH] 04 E9 A 3#Q] ESSS] R-oju|oHA
F 747} 2915 tHp=0.011; Table 3).

FX279] A7ho] 2 OSA $5 =0 HshE Rl 9
3 AF, FEE, 5 T2= Uro] EAsHItHFig. 1). A
FHEA] 912 A OSA Ao A= AHI gkol Al7te] Ao
w2} §-oJu|et Hak= gl (p=0.470), 45 2 35l
A H]$et P4 (p=0.817, 0.599). AT F5& &
oA A|Zte] Ao wet AHIZE 3-9julsiHA| 7189
(p=0.025), 1 37} 32 6.4+20.0/hro] .

FE4 59 KA GRIot] Hote] =& R d A
b33l whE AHISH BMI k2] Hstel] tiste] 242 A9y
I tHTable 4). +&& -2 3199 AHI= 7.1+36.9/hr9]
a7k llom 1 919 g4} 431 9] AHIE= 0.5+24.5/hro
2717} AAtHp=0.324). PSG A 7H4E 3671€ 7|02
o] B4 A3t 36709 wltoll A= 24<9] AHIE 26.1
+27.5/hre] 47} QUL FAEF] AHLR= 0.3+23.2/hr
o] 47t A01(p=0.001), & ¥ AHI gto] & @o| 3HEct

N
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Severe: T=-0.070,p = 0.599
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Mild: T=0.200,p = 0.817
All:T=0.077,p = 0.470
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Follow-up duration (months)

Fig. 1. Correlation between follow-up duration and changes in AHI
(AAHI) in the untreated group. Scatter plots illustrating the rela-
tionship between follow-up duration and AAHI (n=43). Groups are
categorized by baseline OSA severity: All (black crosses), Mild (blue
circles), Moderate (green squares), and Severe (red triangles). Solid
and dashed lines represent linear regression trends. A significant
positive correlation is specifically observed in the moderate group
(1=0.611, p=0.025). Correlation coefficients (1) and p-values were
derived from Kendall’s rank correlation analysis. ‘p<0.05. OSA: ob-
structive sleep apnea, AHI: apnea-hypopnea index, T: Kendall's rank
correlation coefficient.

Table 4. Comparison of changes in AHI and BMI between surgical treatment and untreated groups stratified by follow-up duration

Variables Surgical treatment group Untreated group t-value’ p-value’
Changes in AHI (/hr)
Overall (n=31/43) -7.1£36.9 0.5+24.5 1.00 0.324
<36 months (n=20/29) -26.1+£27.5 -0.3£23.2 345 0.001
>36 months (n=11/14) 27.4+25.0 1.9+27.9 -2.40 0.025
Changes in BMI (kg/m?)
Overall (n=31/43) 0.52+1.75 -0.32+2.29 -1.80 0.076
<36 months (n=20/29) -0.08+1.39 -0.02+2.26 0.12 0.904
>36 months (n=11/14) 1.62+1.87 -0.98+2.29 -3.09 0.005"

"p<0.05.

"The t-values and p-values were calculated using the independent samples t-test.

AHI: apnea-hypopnea index, BMI: body mass index.
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7&?4% ABE 5= ATk PSG AL 7HE 0] 36704 o]l 7
AHIE= 27.4425.0/hr9] Z7F7F A3, FA=

9] AHI= 1.9+427.9/hr2] Z717F AAtH(p=0.025). E3H
o] 717t2] BMI A] &2 1.62+1.87 kg/m*e] 57171 Q)

A3, FAZFNAE 0.95+2.29 kg/m?*Y] #47F 1oH
(p=0.005), wWetA & T 30| At $HE= AHI #tol H
ol F7FskAIRE BMI JA| 571t 238 92 4= AUt
(Fig. 2).

AHI ®igtgo] gt s 34 24 23, g4 4
ol A% Me A4 7]2(p<0.20)°] =t 71A
BMI(p=0.005), 714 AHI(p<0.001), 4 713t (p=0.001) &
AP (p=0.048)°] BA W4 A= UK Table 5). Uo7t
&0 Gt A7tol| whet of BA| Wstel=A] UstA EA4]
17] 9ol 42& oj¥e} 24 7|7} Alo]o] AFE RS BAS A]
YetAcH(Table 6). AH3} BMI HI}E B chilsf nd
oA, &4 XE= AP AT AHIE <F 19.84/hr 7HAA]
71e EdZol1 I3t 27| /A &3S 2 Hp=0.003).
J9y & offet 24 7|7t Alo]9] w3 &g (surgical
treatment X time) Ag+= 0.372 995k &9 {J:O]O*E}

(p=0.001). °l= 1ol BMI Hztet #AIglo], & F Al

120
I Pre-operative AHI

[ Post-operative AHI

100 p=0.025

80.7
80

p=0.001

AHI (events/hr)
(o)}
o

40 |

20 4

Follow-up = 36 months
(n=11)

Follow-up < 36 months
(n=20)

Fig. 2. Changes in absolute apnea-hypopnea index (AHI) within the
surgical treatment group according to follow-up duration. The bar
graph illustrates the mean absolute AHI values at baseline (pre-op-
erative) and follow-up (post-operative) for patients who underwent
surgical treatment. Follow-up duration is categorized into short-
term (<36 months, mean 13.9 months) and long-term (=36 months,
mean 54.4 months). A significant reduction in AHI is observed with-
in the first 36 months after surgery (p=0.001), whereas a significant
rebound and increase in AHI are noted in the long-term follow-up
group (p=0.025). This demonstrates the time-dependent decline in
surgical efficacy beyond the 3-year threshold. Error bars represent
the standard error of the mean.

Table 5. Univariate and multivariate linear regression analyses evaluating independent predictors for AHI changes (n=74)

Univariate analysis

Multivariate analysis

Variables

B (95% Cl) p-value B (95% Cl) p-value
Surgical treatment (+) -7.59 (-21.82 t0 6.65) 0.292 -3.12(-17.68 to 11.44) 0.67
Age (yr) 0.58 (0.01 to 1.16) 0.048" 0.47 (-0.13t0 1.07) 0.123
Time interval (months) 0.29 (0.13 to 0.45) 0.001" 0.28 (0.12 to 0.44) 0.001"
Baseline BMI (kg/m?) -1.85(-3.12t0 -0.59) 0.005" -1.18 (-2.54t0 0.18) 0.088
Baseline AHI (/hr) -0.56 (-0.77 to -0.36) <0.001* -0.49 (-0.72 to -0.27) <0.001*

"p<0.05, 'p<0.01, *p<0.001.

Variables with p<0.20 in the univariate analysis (Baseline BMI, Baseline AHI, and Follow-up duration) and clinically significant factors (surgical
treatment and age) were included in the multivariate model to identify independent predictors of AAHI.
AHI: apnea-hypopnea index, B: unstandardized coefficient, Cl: confidence interval, BMI: body mass index.

Table 6. Multivariate linear regression analysis evaluating the time-dependent effect of surgical treatment on AHI changes, adjusted for clin-

ical covariates (n=74)

Variable Coefficient (B) SE t-value p-value 95% Cl

Constant -13.04 10.08 -1.29 0.200 -33.16t07.08
Surgical treatment (+) -19.84 6.52 -3.04 0.003" -32.86to -6.82
ABMI (kg/m?) 3.40 0.90 3.79 <0.001" 1.61t05.19
Time interval (months) 0.05 0.07 0.84 0.403 -0.08t00.18
Surgical treatment x Time 0.37 0.10 3.51 0.001" 0.16t0 0.57
Age (yr) 0.21 0.19 1.10 0.278 -0.171t0 0.58
"p<0.05.

The interaction term (surgical treatment X time) represents the time-dependent effect of surgical treatment on AAHI compared to the untreated
group. The multivariate model was adjusted for baseline AHI, age, and ABMI to control for potential confounding factors.
B: unstandardized regression coefficient, SE: standard error, Cl: confidence interval, ABMI: change in body mass index.
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7ko] Aol weh &2 QIS AHI 4 &3} wje 4
] 5 AES S 7F A A 02 ohA] SIS AlAKRHTE
(Fig. 3). T3 BMI ¥s}eF 4] AHI oFset -2t o] AF
TAE A2 Hp<0.001), AF-2 & oA AHI ¥}l
%741142& FomIgt A WA A GUTHp=0.278).

X}
=

k=

PAPL OSAQ] EEAEE ATE T YA o8 a3}
A, =2 A= BBENE Bt AR Al BHT 9

LR S ARE FAISH] HA] gk wekA A
2] Aols o] OSAQ] A AHiE SAto| A drgst

£ A5ste BHol Aol S5t

Aol A A =HER] 912 ZA| OSA 2HAFe] AHI 12 AlZE
Z37to] whet f-oju|gt WSkt gigle = 7ol A= AHI
7F ol F7keb Agto] ofgte]= P EAtHFig. 1).
ohet, S o] # 7F Aa WEAol Atke A2 e
o S5% OSA9] AAH ofsto] tisfr= FF tiqfi A+t
£ 3% d50] st SHEE & HleETolA AHI
o] ¥skr} Qleol e E15kal LADE folstA Ak A
o|tH(Table 2). oli= A7zt ARE WA 2 TR 0| AA

et

RIOHUOAT
N ﬂl[ﬂl I‘Io r

rhI

404

— Regression Line (Surgical)
95% Cl

304

204

Change in AHI (events/hr)
o

Surgical treatment x Time (months) Interaction
-30+1 B=0.37,p=0.001

(Adjusted for age and BMI)

Shaded area represent 95% Cl

0 10 20 30 40 50 60 70
Follow-up duration (months)

Fig. 3. Linear regression model demonstrating the time-dependent
decline of surgical efficacy. The regression line shows the rela-
tionship between follow-up duration (months) and the predicted
change in AHI (AAHI) for the surgical treatment group, adjusted for
age and BMI. The positive interaction coefficient (B=0.37, p=0.001)
indicates a monthly increase in AHI after surgery. The red dashed
line highlights the point at 53.6 months, where the initial surgical
effect is estimated to be completely offset. The shaded area rep-
resents the 95% confidence interval. AHI: apnea-hypopnea index, B:
unstandardized regression coefficient, Cl: confidence interval.
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