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Purpose: Obstructive sleep apnea (OSA) is a common chronic polygenic disease. Multiple genetic markers associated with OSA have
been identified by genome-wide association studies. Here, we aimed to construct a polygenic risk score (PRS) and examine the
association with the presence of OSA in a Chinese Han Population.
Patients and Methods: This study included 1057 individuals who were genotyped for nine susceptibility loci from three genes
(ADIPOQ, PPARG, and TNF), from which each individual’s PRS was calculated by summing the number of risk alleles. The
associations between PRS and OSA were determined by logistic regression analyses. Model discrimination was assessed by
a receiver operating characteristic (ROC) curve using bootstrapping with 1000 resamples.
Results: The subjects included 874 with OSA and 183 controls. A higher PRS was associated with an increased apnea-hypopnea
index (AHI). The PRS was an important risk factor for the development of OSA (OR = 1.237 per SD, P = 0.030). Subjects with higher
PRS had a 2.88-fold (95% CI: 1.393–5.955, P = 0.004) and 5.402-fold (95% CI: 2.311–12.624, P<0.001) greater risk for having OSA
and moderate-to-severe OSA, respectively, compared with those with lower genetic risk. More importantly, compared with determina-
tion of risk based solely on clinical factors, addition of the PRS increased discriminatory accuracy for both OSA (AUC from 0.75 to
0.78, P = 0.02) and moderate-to-severe OSA (AUC from 0.80 to 0.83, P = 0.02).
Conclusion: Our study suggests that the PRS is independently associated with AHI and OSA. Combining PRS with conventional risk
factors could improve the discrimination of OSA.
Keywords: polygenic risk score, apnea-hypopnea index, single nucleotide polymorphisms, discriminatory accuracy

Introduction
Obstructive sleep apnea (OSA) is a common sleep disorder caused by blockage of the Upper Airway.1 Patients with OSA
experience recurrent episodes of intermittent hypoxia and hypercapnia during sleep.2 Although 34% of men and 17% of
women are estimated to be affected by this disease, the majority of OSA patients remain largely undiagnosed.3 Moreover,
OSA itself has been recognized as a risk factor for cardiovascular disease, metabolic dysregulation, cancer, and all-cause
death.4 OSA is a complex disorder involving multiple factors, including hereditary and environmental components.5

There is growing evidence that genetic factors and their interactions with the environment can influence the development
of OSA. Indeed, most cases of OSA do not exhibit classical Mendelian patterns of inheritance, suggesting that multiple
genes are involved in its pathogenesis.6

Obesity, especially abdominal obesity, is a major risk factor for OSA.7 In obese patients, adipocytes secrete a variety
of adipokines and inflammatory factors, such as adiponectin (ADIPOQ), peroxisome proliferator-activated receptor
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gamma (PPARG), and tumor necrosis factor (TNF). These factors play an important role in the occurrence and
progression of OSA, as well as in the development of related complications.8,9 There is evidence of both direct genetic
contributions to OSA susceptibility and indirect contributions such as obesity, craniofacial structure, neurological control
of upper airway muscles and of sleep and circadian rhythm. Thus, common polymorphisms in genes involved in obesity
are possible good candidates for predicting OSA susceptibility.

Most studies on OSA genetics have focused on single genes. A genome-wide approach may provide greater
information, beyond that of individual candidate genes. However, data from such studies are limited at present. We
previously showed that ADIPOQ variants rs3774262, rs4686803, rs1063537, rs2082940, and the PPARG variant
rs1801282 were associated with the prevalence of OSA in Han Chinese individuals.10,11 Using the same dataset, we
also found that single nucleotide polymorphisms (SNPs) rs3093661, rs3093662, and rs3093664 in the TNF gene were
associated with increased risk of OSA (Supplemental Table 1).

Polygenic risk scores (PRS), which consider multiple SNPs associated with diseases, have been widely studied in
many conditions, such as coronary heart disease, cancer, and type 2 diabetes. However, it has not yet been applied to
OSA disease. Therefore, we combined nine SNPs from ADIPOQ, PPARG, and TNF genes into a PRS, then determined
the effects of the PRS on apnea-hypopnea index (AHI) and the risk of OSA in 1057 individuals.

Methods
Study Participants
Subjects included in this study were Chinese individuals who visited the Beijing An Zhen Hospital because of snoring or
sleep apnea from April 2017 to January 2019. All participants received an overnight polysomnography (PSG), which was
conducted using a level II portable diagnostic device (SOMNOscreen; SOMNOmedics GmbH, Randersacker, Germany)
approved by the US Food and Drug Administration. This included nasal pressure sensors, thermistors, thoracoabdominal
belts, blood oxygen probes, and snoring sensors to monitor breathing, as described in our first study.12 Ventilatory flow at
the nose and mouth was measured with thermistors. Ventilatory movements of the chest and abdomen were monitored by
inductive plethysmography bands. The arterial oxygen saturation (SpO2) was measured transcutaneously with fingertip
pulse oximetry. We applied the scoring guidelines and sleep apnea definition of the American Academy of Sleep
Medicine. A respiratory event was scored as an apnea in adults if complete cessation of airflow occurred for ≥ 10s.
Hypopnea was defined as respiratory airflow reduced by 30% with a 4% decrease in oxygen saturation. Apnea events
were classified as obstructive, mixed, or central according to the presence or absence of breathing efforts with
thoracoabdominal paradox. The AHI was determined by dividing the total number of apnea/hypopnea events by the
estimated hours of sleep. OSA patients and non-OSA subjects were confirmed on the basis of American Academy of
Sleep Medicine Guidelines.13 OSA was defined as those subjects with an AHI ≥ 5 per hour. Subjects with an AHI < 5
served as controls. OSA severity was quantified via the AHI: mild OSA (AHI: 5–14.9), moderate OSA (AHI: 15–29.9),
or severe OSA (AHI ≥ 30). The criteria for exclusion from the study included: (1) the presence of other sleep disorders or
a history of treatment for sleep-related breathing disorders; (2) the presence of other diseases, such as congestive heart
failure, cancer, acute infectious disease, hepatic dysfunction, or abnormal renal function; and (3) pregnancy. In total,
1057 subjects were included in the study (the study flow chart is shown in Supplementary Figure 1), and all participants
provided written informed consent. The study was approved by the Medicine Ethics Committee of Beijing An Zhen
Hospital (2017005) and was registered in the Chinese Clinical Trial Register (ChiCTR-ROC-17011027).

Data Collection
Demographic data, including age, gender, height, body weight, smoking status, drinking status, and current medication
usage, were collected using questionnaires and medical histories. Participants also completed the Berlin questionnaire
(BQ) and the Epworth Sleepiness Scale questionnaire. Patients were considered high risk for OSA if they scored positive
in two or more categories of the BQs,14 while the remaining individuals were considered low risk. Subjects were
classified as nonsmokers if they had never smoked or had stopped smoking ≥ 1 year before enrollment in the study; all
other subjects were classified as smokers. Subjects were defined as drinkers if they drink ≥ 3 times a week. Obesity was
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defined as a body mass index (BMI) ≥ 28 kg/m2, according to the recommendations of the Health Promotion
Administration.15 Blood samples were taken after 8–12 h of fasting from each subject and centrifuged at 2943 × g at
4°C for 10 min. Half the sample was used for DNA isolation, while the remaining half was used to obtain serum for
biochemical analysis. Genomic DNA was extracted from 200 μL of blood according to the protocol provided in the
QIAamp DNA Mini Kit (Qiagen, Hilden, Germany). Fasting plasma glucose (FPG) levels and a fasting lipid profile,
including the levels of high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), total
cholesterol (TC), and triglycerides (TGs), were measured according to standard laboratory methods at Beijing An Zhen
Hospital.

Genotyping and Calculation of PRS
We selected nine SNPs for the PRS from obesity-related genes, which had reported strong associations with OSA based
on the literature and our previous work. These nine SNPs in three genes (ADIPOQ rs1063537, ADIPOQ rs2082940,
ADIPOQ rs4686803, ADIPOQ rs2241766, ADIPOQ rs3774262, TNF rs3093661, TNF rs3093662, TNF rs3093664, and
PPARG rs1801282) chosen for this study were genotyped using Agena MassARRAY (Agena Bioscience, San Diego, CA,
USA) following the manufacturer’s protocol. Assay Designer version 4.0 was used in accordance with the manufacturer’s
guide to determine the specific PCR primer and extension primer sequences (Supplemental Table 2). Agena Typer 4.0
software was used for data management and analysis. SNPs with P-values for the test of deviation from the Hardy–
Weinberg equilibrium of 0.05 were excluded for further analysis.

Individuals homozygous for non-risk alleles were given a score of 0, heterozygotes were given a score of 1, and
individuals homozygous for risk alleles were given a score of 2. The PRS was constructed by summing the number of
risk alleles among the nine gene variants in each individual.

Statistical Analyses
Continuous variables are expressed as the mean ± standard deviation or median (interquartile range), and categorical
variables are expressed as a number (percentage). Differences in the distribution of risk factor data between OSA and
controls were assessed using a two-sided χ2 test or a Student’s t-test, where appropriate. Each allele-specific odds ratio
(OR) with 95% confidence intervals (CIs) and P-values for OSA were calculated under the assumption of an additive
model using logistic regression analysis, adjusting for age, sex, BMI, systolic blood pressure (SBP), diastolic blood
pressure (DBP), TG, FPG, and smoking status. Association between the PRS and AHI was tested with linear regression.
The risk of OSA associated with the 9-SNP PRS was calculated continuously. This was done with the addition of one risk
allele. Then, after stratification into low risk (≤ 20th percentile), intermediate risk (20th–80th percentile), and high risk
score (≥ 80th percentile) categories by calculating ORs, it was adjusted for clinical risk factors. Univariate and multi-
variate logistic regression analysis was performed to identify variables (P < 0.05) that significantly affected OSA. We
then estimated the area under the receiver operating characteristic (ROC) curve (AUC) for risk scores that included
clinical risk factors alone, the PRS alone, and the two combined. To compare the AUC of two models, we calculated the
Wald statistic by dividing the observed difference of AUC estimates of the two models by the standard error of the
difference obtained from bootstrapping. The model was validated internally using bootstrapping with 1000 resamples.
We considered a two-sided P-value < 0.05 as statistically significant. Analyses were carried out using SPSS 23.0 (IBM
Corp., Armonk, NY, USA) and EmpowerStats software (www.empowerstats.com, X&Y solutions, Inc., Boston,
MA, USA).

Results
Physical and Clinical Characteristics of Study Subjects
We evaluated a total of 1057 Chinese subjects, including 874 with OSA and 183 controls. Their physical and clinical
characteristics are presented in Table 1. In brief, individuals with OSA had a higher average BMI (P < 0.001) than the
controls, and those with OSA were older than the controls (P = 0.026). There were more males (P < 0.001) in the OSA
group compared with the controls. OSA patients tended to have higher levels of TG (P < 0.001). HDL-C levels (P =
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0.584), LDL-C levels (P = 0.928), and TC levels (P = 0.532) showed no significant differences between the two groups.
Blood pressure measurements in control subjects were significantly different from those of OSA patients (all P < 0.05).
The OSA patient group tended to have more smokers than the control group, but the difference was not statistically
significant (P = 0.066).

Association of PRS with AHI and OSA
The genotype distributions of these nine SNPs were all in Hardy-Weinberg equilibrium (Supplemental Table 3). The
associations of each of the nine SNPs with OSA are shown in Table 2. When analyzed individually, each SNP showed
little or no significant association with OSA.

The PRS was independently associated with linear increases in AHI (Table 3). An increase of 1 SD of the PRS was
associated with an increase of 1.24 times/h (P = 0.046) in AHI. Higher PRS was associated with higher AHI. The
medians and 75th percentiles of AHI increased significantly from lower PRS to higher PRS (Figure 1).

Table 1 Characteristics of Participants

N Control OSA P

183 874

Age (years) 50.4 ± 14.3 52.7 ± 12.2 0.026*

Male (n, %) 123 (67.2%) 738 (84.4%) <0.001**
BMI (kg/m2) 24.6 ± 3.9 27.8 ± 3.9 <0.001**

SBP (mmHg) 126.9 ± 19.7 131.2 ± 18.7 0.005*

DBP (mmHg) 78.0 ± 14.3 81.5 ± 14.0 0.003*
HDL-C(mmol/L) 1.2 ± 0.3 1.2 ± 0.8 0.584

LDL-C(mmol/L) 2.7 ± 0.8 2.7 ± 1.0 0.928

TC (mmol/L) 4.5 ± 1.1 4.6 ± 2.3 0.532
TG#(mmol/L) 1.29 (0.95–1.72) 1.62 (1.13–2.31) <0.001**

FPG (mmol/L) 5.4 ± 1.7 6.6 ± 20.4 0.405

Drinker (n, %) 71 (38.8%) 372 (42.6%) 0.342
Smoker (n, %) 70 (38.3%) 397 (45.7%) 0.066

AHI (times/h) 2.3 (1.3–3.4) 22.9 (12.4–40.1) <0.001**

ESS score# 6 (3–10) 7(4–12) <0.001**
Berlin Questionnaire high risk (n, %) 35 (27.78%) 458 (56.68%) <0.001**

Notes: Values were expressed as mean ± standard deviation, median ± interquartile range or n (%). #Data were asymmetrically distributed
and expressed as median ± interquartile. Differences between groups were analyzed by independent Student’s t-test, Fisher’s exact test, χ2

test, or Wilcoxon test. *P<0.05, **P<0.001.
Abbreviations: OSA, obstructive sleep apnea; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG,
fasting plasma glucose; TG, triglycerides; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein
cholesterol; AHI, apnea-hypopnea index; ESS, Epworth Sleepiness Scale.

Table 2 Individual Effects of 9 Risk Alleles of the Susceptibility Loci on OSA

Gene SNP Risk Allele OR (95% CI) P FDR

ADIPOQ rs1063537 T 1.305(0.959–1.776) 0.091 0.0278

ADIPOQ rs2082940 T 1.284(0.945–1.744) 0.110 0.0333
ADIPOQ rs4686803 T 1.335(0.981–1.817) 0.066 0.0167

ADIPOQ rs2241766 G 1.342(0.985–1.827) 0.062 0.0111

ADIPOQ rs3774262 A 1.329(0.976–1.811) 0.071 0.0222
TNF rs3093661 A 1.394(0.685–2.837) 0.359 0.05

TNF rs3093662 G 1.493(0.735–3.030) 0.268 0.0389

TNF rs3093664 G 1.442(0.709–2.932) 0.312 0.0444
PPARG rs1801282 C 1.650(0.998–2.726) 0.051 0.0056

Notes: Odd ratios and P-values were adjusted for age, sex, BMI, SBP; DBP; TG; FBG; Smoke and Drink under the additive model.
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To investigate whether increasing the number of risk alleles can increase the occurrence of OSA, we first developed a genetic
risk score based on the nine SNPs. The total number of risk alleles in all subjects analyzed in the study ranged from 0 to 15.
A higher PRS was significantly associated with an increased risk of OSA, independent of established clinical predictors,
including age, sex, BMI, blood pressure, TG, FPG, smoking status, and drinking status (Table 3). An increase of 1 SD of the PRS
was associated with a 24% increase in the odds of incident OSA (OR: 1.237; 95%CI: 1.021–1.499, P = 0.03). Specifically, when
evaluating participants in low, intermediate, and high genetic risk score categories, a gradient of risk for having OSAwas evident.
Those with higher PRS had a 2.84-fold (95% CI: 1.374–5.874, P = 0.005) and 5.37-fold (95% CI: 2.299–12.551, P < 0.001)
greater risk for OSA and moderate-to-severe OSA than those with lower genetic risk, respectively.

Assessment of the PRS
From our univariate and multivariate logistic regression analysis, we identified four independent risk factors for OSA:
age (OR = 1.043, P < 0.001), male gender (OR = 3.490, P < 0.001), BMI (OR = 1.293, P < 0.001), and high risk in the
BQ (OR = 2.085, P = 0.004). These factors were all significantly associated with OSA (Table 4).

Table 3 Association of the PRS with AHI and OSA

PRS Category AHI OSA Moderate-to-Severe OSA

β (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Low risk Reference Reference Reference

Intermediate risk 5.349 (−0.094–10.791) 0.054 2.256(1.110–4.587) 0.025 4.241(1.848–9.733) 0.001
High risk 7.001(1.504–12.499) 0.013 2.841(1.374–5.874) 0.005 5.372(2.299–12.551) <0.001

Per SD 1.241 (0.025–2.457) 0.046 1.237(1.021–1.499) 0.030

Notes: Risk estimates were adjusted for age, sex, BMI, SBP; DBP; TG; FBG; Smoke; Drink. PRS was constructed by summing the number of risk alleles among 9 SNPs shown
in Table 2. PRS risk boundaries: low <2 (≤20th percentile); intermediate ≥2 and<7 (20th–80th percentile); high ≥7 (≥80th percentile).
Abbreviations: OR, odd ratio; CI, confidence interval; PRS, polygenic risk score.

Figure 1 Association of PRS with AHI.
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To predict disease status for OSA in a given individual, we constructed a prediction model on the basis of the PRS or
the liability value calculated from PRS, as well as clinical risk factors. Figure 2 shows the ROC for OSA. In model 1, the
conventional risk factors of age, sex, BMI, and BQ were included. The AUC for the conventional model was 0.75.
Incorporating PRS into the model statistically significantly increased the AUC to 0.78 (P = 0.024). In moderate-to-severe
OSA subjects, adding the PRS into model 1 increased the AUC from 0.80 to 0.83 (P = 0.017).

Discussion
OSA is a heritable polygenic disease. Obesity, craniofacial structure, neural control of upper airway muscles, and sleep
and circadian rhythm are risk factors for OSA. Genes related to these factors contribute to the genetic spectrum of
OSA.16 Obesity is an independent risk factor for OSA, which increases the risk of OSA by 10–14 times. Obesity,
measured by BMI, is expected to explain up to 40% of genetic variation in AHI.17

ADIPOQ, TNF, and PPARG play very important roles in the process of lipid metabolism and obesity. They participate in
the body’s fat metabolism and body energy balance by affecting the expression of transcription factors in glucose metabolism,
lipid metabolism, and adipocyte differentiation. They may increase the risk of OSA by increasing the risk of obesity. Previous
studies found that all three genes, ADIPOQ, TNF, and PPARG, are associated with OSA. Importantly, the levels of circulating
adiponectin were significantly different in patients with OSA compared with those in control subjects.18–20 Common
variations in the ADIPOQ gene were linked to an increased risk and severity of OSA.21 The ADIPOQ gene encodes the
hormone adiponectin, and its levels correlate negatively with BMI.22,23 TNF-α gene expression levels were significantly
higher in the OSA group than in the control group.24,25 Some studies suggested a relationship between polymorphic variation
in the TNF-α gene and OSA. The −308G/A polymorphism has been associated with increased levels of TNF-α, which is
involved in intermittent hypoxia.25,26 Meta-analysis of three studies estimated that the TNF-α (−308G/A) polymorphism is
a risk factor for OSA.27 A limitation of our study is that we did not include this SNP in our analysis. A previous study reported
that the expression of PPARG was downregulated in the adipose tissue of OSA patients compared with controls.28

Table 4 Univariable and Multivariable Logistic Regression Analysis for OSA

Characteristics Univariable Analysis Multivariable Analysis

OR (95% CI) P value OR (95% CI) P value

Sex Female Reference Reference

Male 2.6 (1.8–3.8) <0.001 3.490 (2.098–5.806) <0.001
Age 1.0 (1.0–1.0) 0.027 1.043 (1.025–1.061) <0.001

BMI 1.3 (1.2–1.3) <0.001 1.293 (1.219–1.371) <0.001

SBP 1.0 (1.0–1.0) 0.005 0.999 (0.985–1.012) 0.864
DBP 1.0 (1.0–1.0) 0.004 1.007 (0.987–1.027) 0.492

HDL-C 0.9 (0.8–1.2) 0.586 1.325 (0.831–2.112) 0.237

LDL-C 1.0 (0.8–1.2) 0.928 0.885 (0.641–1.222) 0.458
TC 1.0 (0.9–1.2) 0.530 1.127 (0.861–1.476) 0.383

TG 1.3 (1.1–1.6) <0.001 1.170 (0.990–1.382) 0.065

FBG 1.1 (1.0–1.2) 0.003 1.088 (0.993–1.192) 0.071
Drink

Yes Reference Reference

No 1.2 (0.8–1.6) 0.342 0.807 (0.533–1.221) 0.311
Smoke

Yes Reference Reference

No 1.4 (1.0–1.9) 0.066 1.040 (0.685–1.579) 0.854
ESS 1.1 (1.0–1.1) 0.007 0.996 (0.952–1.043) 0.866

Berlin Questionnaire

Low risk Reference Reference
High risk 3.4 (2.3–5.2) <0.001 2.085 (1.266–3.436) 0.004
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Figure 2 ROC curves for the prediction model on the basis of the number of risk alleles for OSA. (A) All OSA and (B) restricted to moderate-to-severe OSA. The
prediction model for OSA was constructed using the logistic regression model, and ROC curves for the model were generated. In model 1, only clinical risk factors (age, sex,
BMI and Berlin questionnaire) were included, whereas the number of risk alleles was used as an independent variable together with age, sex, BMI and Berlin questionnaire as
covariates in model 2.
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Furthermore, PPARGwas positively correlated with the BMI and PPARG (rs1801282) with the allelic variants of Ala12Ala or
Pro12Pro will most likely become overweight/obese.29,30 PPARG can lead to obesity by increasing fatty acid absorption and
fat accumulation. Consistent with those results, our previous research also found that ADIPOQ, TNF, and PPARG were
associated with OSA risk. ADIPOQ variants rs3774262, rs4686803, rs1063537, and rs2082940 and PPARG rs1801282 were
associated with the prevalence of OSA in Han Chinese individuals.10,11 The TNF gene variants rs3093661, rs3093662, and
rs3093664 were also associated with risk of OSA in the same dataset. Because of the importance of obesity in OSA, we
therefore included these recently identified common variants of the PPARG, TNF, and ADIPOQ genes in this study,
establishing a PRS and exploring the genetic architecture of OSA.

Recent studies have demonstrated the utility of PRS for disease risk stratification, as well as their implications for
early disease detection, prevention, therapeutic intervention, and/or life planning.31 This is a robust approach in that it
provides valuable information on the additive effects of multiple gene variants in the same individual. It has been used
for risk scoring of many polygenic diseases, including cardiovascular disease, diabetes, and breast cancer, as well as
neurological disorders.

In our study, we used the PRS approach to determine OSA susceptibility. We selected nine variants from adipokine-
pathway genes (TNF, PPARG, and ADIPOQ), meaning that an individual could have a maximum of 18 risk alleles. By
using a gene scoring approach, we found that SNPs in adipokine pathway genes may influence the development of OSA.
Subjects with a higher PRS had a 2.84-fold greater risk of OSA than those with a lower genetic risk. Furthermore, this
inclusive risk score provides significant improvement in the discrimination and prediction of OSA. The AUC increased
significantly from 0.75 to 0.78 for OSA when genetic variants were combined with clinical risk factors. The AUC
increased to 0.83 in Model 2, meaning that the PRS had a greater predictive effect on moderate-to-severe OSA. While the
AUC of the PRS alone may appear modest, the predicted risk differences in the tails of the distribution are large.

Our results should be interpreted in the context of several potential limitations. Firstly, we performed the present
association study in a cross-sectional setting; therefore, it is difficult to estimate the accurate predictive power of our genetic
model. Secondly, there are many environmental factors affecting OSA, and this study only explores four common factors:
gender, age, BMI, and BQ. Thirdly, we took a focused candidate gene approach to evaluate key SNPs, excluding additional
genes that may contribute to OSA. Several reported OSA risk-associated SNPs from genome-wide association studies were
not included in our study. Our study also has several strengths: i) it was large enough for key outcomes of interest, ii) we used
statistical strategies to assess the robustness of associations, such as bootstrap resampling and discrimination improvement
measures; and iii) subjects in this study were consecutively recruited to reduce the effects of outcome-selection bias.

Conclusion
In conclusion, the PRS we constructed here was significantly associated with an increased risk of OSA in a Chinese Han
population. Furthermore, combining this PRS with conventional risk factors for OSA could improve the predictive
performance. Although currently available genetic information remains insufficient for an accurate prediction of OSA,
the information may be useful in groups with a particular clinical background, such as the obese population. Future work
is necessary to identify the underlying functional or causal gene variants with potentially stronger effects, and updated
analysis using these genes may further improve risk determination for OSA.
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