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Study Objectives: A high body mass index (BMI) is a risk factor for obstructive sleep apnea. However, to our knowledge there is no reported equation that
quantifies the relationship between weight, as measured by BMI, and apnea severity, as assessed by the apnea-hypopnea index (AHI). Our objective was to find a
mathematical relationship between BMI and AHI.

Methods: We prospectively recruited 434 veterans from our polysomnography laboratory. Veterans already undergoing a sleep study were approached, and
those who consented were enrolled. The veterans who enrolled in our study also participated in their scheduled sleep study. This study was approved by our
institutional review board.

Results: We found a simple mathematical relationship between BMI and AHI: for every 1-point drop in BMI (corresponding to 5-8 pounds, depending on a
person’s height), AHI decreases by 6.2%. And limiting BMI to 25-40 kg/m? (which includes about 80% of the BMIs), then AHI drops by 7.1%. Simply put as a rule
of thumb: For every 7-pounds drop in weight, expect a 7% drop in AHI.

Conclusions: To our knowledge, this is the first simple mathematical equation that associates the severity of weight with the severity of apnea in veterans. This
equation can be a practical rule of thumb that can be implemented in clinics to predict the amount of weight a patient needs to lose to decrease their apnea, which

might help motivate patients to lose weight.
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BRIEF SUMMARY

index.

Current Knowledge/Study Rationale: There is a known association between body weight and the presence of obstructive sleep apnea as well as the
severity of apnea. The rationale of this study is to find a mathematical relationship between body weight and severity of apnea. We found a simple,
proportional, mathematical formula between body weight, as measured by body mass index, and sleep apnea severity, as measured by apnea-hypopnea

Study Impact: We found the following: for every 7-pound drop in weight, expect a 7% drop in apnea-hypopnea index. We hope our formula plays a role in
motivating patients to improve their weight and apnea risk by providing them with a practical guidance of how much they need to lose.

INTRODUCTION

Obstructive sleep apnea (OSA) is a common sleep-related
breathing disorder whose prevalence and severity increase with
body weight. OSA is characterized by episodes of apnea (cessa-
tion of breathing), hypopnea (reduction in ventilation), or both,
and is quantified by the apnea-hypopnea index (AHI).'”
Weight is one of the chief risk factors for OSA, and high body
mass index (BMI) coexists with abnormal AHI*® Overweight
and obese persons are at risk of having OSA.” Population stud-
ies throughout the United States, Europe, Asia, and Australia
have consistently shown a graded increase in the prevalence of
OSA as BMI, or other measures of body habitus, increases in
adults.” For example, 26% of overweight men or women have
mild apnea, and about 20% of men and 10% of women have
moderate to severe apnea. Among obese individuals, 22% of
men and 34% of women have mild apnea, and about 62% of
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men and 20% of women have moderate to severe apnea.’
Finally, about 60-90% of adult patients with OSA have a BMI
of 25 kg/m? or more.°

OSA has multiple negative consequences on health and is a
high-impact public health issue.®’ There is a close relationship
between OSA and metabolic syndrome-related diseases—
namely, hypertension, type 2 diabetes mellitus, and hyperlipid-
emia.® For example, OSA has a bidirectional relationship with
diabetes mellitus and shares common risk factors, including
obesity.® An abnormal AHI is associated with an increase in all
causes of mortality, cardiovascular events, stroke, diabetes mel-
litus, and depression.” Stelmach-Mardas et al'® found that re-
ducing weight not only improved apnea but also improved
cholesterol, triglycerides, fasting insulin, and blood pressure
levels. Therefore, helping overweight or obese individuals who
are apneic understand the relationship between weight and
apnea could help them better manage these ailments. Finding a
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numerical relationship between weight and apnea is 1 step
toward helping patients understand their condition and taking
steps to improve it.

METHODS

Protocol registration

This study was approved by the institutional review board at
Iowa City VA Medical Center (IRB approval # 202101393).
Recruitment of participants took place between May 2021 and
December 2021.

Participants

Every veteran who participated in a sleep test in our polysom-
nography laboratory was approached by one of our sleep techni-
cians to determine their interest in participating in this research
study. Our inclusion criterion was adult veterans (age = 18
years). We did not enroll anyone 90 years old or above. No
other exclusionary criteria were set. This study was done during
the coronavirus disease 2019 (COVID-19) pandemic; thus, we
adhered to Veterans Affairs (VA) guidelines on personal pro-
tective equipment for staff and veterans.

We prospectively enrolled 434 veterans (age range 24—88
years, 6% women and 94% men) with any sleep complaint who
presented at our polysomnography laboratory to undergo a
sleep test. Although we did not keep records of those who did
not participate, we estimate that we enrolled approximately
95% of the total number of veterans who underwent a sleep test
at our laboratory during our research study period.

Polysomnography

Each veteran participated in an overnight sleep test that was
referred by their provider. All of the sleep tests were performed
in accordance with American Academy of Sleep Medicine
(AASM) criteria and included measuring the following parame-
ters: electroencephalographic (EEG) activity (EEG leads were
at locations F3-Al, C3-Al, OI-Al on the scalp), electro-
oculographic activity, submental electromyographic activity,
lower limb movement, electrocardiographic activity, chest and
abdominal movements, airflow, and oxygen saturation.

Sleep was recorded between the times when the lights were
switched off (after calibration was complete, approximately
9:00-10:00 pm) and when the lights were switched back on
(normally between 05:30 and 06:00 am). As per our protocol,
no medications were stopped prior to the study. The sleep tests
were scored and interpreted in accordance with standard crite-
ria,' as we routinely do in our sleep laboratory, and this was
independent of our research study.

Apnea and hypopnea were defined as per standard criteria.! An
apnea requires both of the following criteria to be met: (1) a drop
in the peak breathing excursion by = 90% of pre-event baseline,
detected using a sensor, and (2) duration of the = 90% drop in the
sensor signal is = 10 seconds. A hypopnea requires both of the
following criteria to be met: (1) peak respiratory excursion drops
by = 30% of pre-event baseline, detected using a sensor, and (2)
duration of the = 30% drop in signal excursion is = 10 seconds.
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At our VA hospital, we use = 4% oxygen desaturation from
the pre-event baseline as an additional criterion to identify
hypopneas (from criteria by the Centers for Medicare and Med-
icaid Services'").

We used the AASM criteria to diagnose OSA using the fol-
lowing AHI values: normal = <5, mild OSA = 5-15 (we use
5-14), moderate OSA = 15-30, and severe OSA > 30 events/h
(AASM website?).

Statistical analysis

To evaluate the association between BMI and AHI, we used a
Spearman correlation, along with confidence intervals (Cls)
obtained using a Fisher’s z-transformation. We obtained a coef-
ficient for BMI by log-transforming AHI (our outcome vari-
able) and subsequently fitting a linear regression model.
P values <.05 were statistically significant.

To accomplish the target sample size needed for enough
power, an iterative analysis was performed periodically once
we started to gather data. At approximately 5 months into our
study, we did interim analysis and then repeated the iterative
analysis approximately 1 month later. We discovered that, even
if we collected data from 1000 participants, the results were not
likely to change significantly. This is when we terminated the
study.

RESULTS

Participants enrolled
We recruited 434 veterans. We did not keep records of those
who did not enroll, but from the total number of sleep studies
we typically perform each month, we estimate that we enrolled
95% of eligible patients.

Only 8 patients did not have plausible values for certain
measurements. We counted these values as missing, and the
analyses were adjusted for these missing data. For example, the
sleep efficiency for 1 participant was reported as 543%, so their
sleep efficiency measurement was removed from the data, but
the rest of their data remained in the study. A total of 5% of the
data were missing.

Six percent of our sample was female, consistent with the
veteran population, which is reported as 9% by the US Census
Bureau.'?

Table 1—BMI and presence or absence of apnea.

No Apnea: | Apnea: AHI
AHI < 5 25
events/h events/h P
Age, mean (SD), y 52.4 (16.6) | 62.6 (13.6) <.001
(n=154) (n=279)
BMI, mean (SD), kg/m? | 30.2 (5.6) 335 (7.1) <.001
(n=152) (n = 276)

AHI = apnea-hypopnea index, BMI = body mass index, SD = standard
deviation.
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Table 2—BMI and apnea severity.

Normal: AHI < 5 Mild: AHI 5-14 Moderate: AHI 15-30 Severe: AHI > 30
events/h events/h events/h events/h P (Overall Test)
Age, mean (SD), y 52.4 (16.6) (n = 154) | 61.6 (14.4) (n = 134) | 64.4 (12.2) (n = 81) 62.6 (13.6) (n = 64) <.001
BMI, mean (SD), kg/m2 30.2 (5.6) (n = 152) 32.8 (6.8) (n = 132) 32.9 (7.6) (n = 80) 35.6 (6.8) (n = 64) <.001

AHI = apnea-hypopnea index, BMI = body mass index, SD = standard deviation.

BMI and AHI

Of the 434 veterans involved in our study, 279 (64.4%) had
OSA (AHI = 5 events/h). Forty-nine participants (11.3%) had
normal weight, while 385 (88.7%) of our veterans were over-
weight or obese. We compared BMI in veterans with normal vs
abnormal AHI and found a P value of <.001 (Table 1). We also
compared BMI with mild, moderate, and severe AHI and found
an overall P value of <.001 (Table 2). Finally, we compared
age and AHI and obtained an overall P value of <.001 (Table 1
and Table 2).

Higher BMI is associated with higher AHI

Veterans with a higher BMI tended to have more severe
apnea—that is, higher AHI (Table 3). We did not have enough
women in each BMI and AHI category to stratify our data by
sex. Of our 23 female veterans, 12 had a normal AHI, 5 had
mild OSA, 2 had moderate OSA, and 4 had severe OSA.

OSA and sex

The difference in AHI between female and male veterans is pre-
sented in Table 4. Males are more likely to have OSA. The P
value for the Wilcoxon rank-sum test used for this comparison
is .0054.

Mathematical relationship between BMI and AHI

Of our total 434 veterans, we had data on both BMI and AHI in
428 of them. Using a Spearman correlation, we compared BMI
with OSA severity using the AHI and found that BMI correlates
with AHI (P < .01, n = 428; Figure 1). The Spearman’s rank
correlation coefficient was 0.272, with a 95% CI of 0.181—
0.357. Using a linear regression model in which the AHI
variable was log-transformed, we were able to find a more inter-
pretable relationship: for every 1-point drop in BMI, AHI is
expected to drop by 6.2% (95% CI: 4.2-7.9%).

For example, if a person with an AHI of 50.0 events/h loses
weight, reducing their BMI by 1 point (5-8 pounds, depending
on their height) will decrease their AHI to 46.9 events/h.

The majority of our veterans (339/434, 78.1%) had a BMI
between 25-40 kg/m?, so we additionally analyzed the data
using only this group of veterans to evaluate the sensitivity of
our findings to outliers. Using only BMI values ranging from
25-40 kg/m?, we observed a similar mathematical equation—
namely, for a BMI between 25 and 40 kg/m?, a 1-point decrease
in BMI corresponds with a 7.1% decrease in AHI (95% CI:
3.4-10.7%). Our Spearman’s rank correlation coefficient is
0.187 with a 95% CI of 0.081-0.287 (P = .0005; Figure 2).

The summary of our findings can be simplified by the fol-
lowing rule of thumb: for every 7-pound drop in weight, expect
a 7% drop in AHI.

DISCUSSION

The main finding of our study is that in 428 of the 434 veterans
who participated in our study, we found a mathematical formula
linking a change in weight, as measured by BMI, proportionally
to a change in OSA severity, as measured by AHI. A 1-point
drop in BMI corresponds to a 6-7% drop in AHI. A 1-point
drop in BMI is equivalent to 5—8 pounds, depending on the
height of the person (National Institutes of Health website'?).
We reviewed the BMI vs AHI relationship reported in the lit-
erature (Table 5). In a study of 260 patients, Kuna et al'* found
a relationship between weight and AHI: for every 1 kg of
weight loss, AHI dropped by 0.54—0.68 points. Therefore, if a
hypothetical 250-pound, 6-ft tall person (BMI of 33.9 kg/m?)
with an AHI of 30 events/h loses approximately 8 pounds (3.6 kg),
the equivalent of a 1-point drop in BMI, they will reduce their
AHI by 1.9-2.4 events/h. This is similar to our formula—in this
case, we would predict that AHI drops by 2 points. Furthermore,

Table 3—BMI severity and OSA prevalence and severity.

Normal: AHI < § Mild: AHI 5-14 Moderate: AHI 15-30 Severe: AHI > 30
events/h events/h events/h events/h
Normal weight: BMI < 25 kg/m?, n (%) 28 (58.3%) 10 (20.8%) 8 (16.7%) 2 (4.2%)
Overweight: BMI 25-30 kg/m?, n (%) 56 (40.6%) 43 (31.2%) 27 (19.6%) 12 (8.7%)
Obese: BMI > 30 kg/m?, n (%) 70 (28.3%) 81 (32.8%) 46 (18.6%) 50 (20.2%)

AHI = apnea-hypopnea index, BMI = body mass index.
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Table 4—OSA in female vs male veterans.

Female Male P
Median (IQR) AHI, | 2.2 (0.6, 12.2) | 9.2 (3.0, 20.8) .0054
events/h (n=27) (n = 407)

IQR = interquartile range, OSA = obstructive sleep apnea.

Kline et al'® found that, in 114 adults, for those who lost at least
5% of their weight, their AHI was reduced by 2.1 + 0.9 points
(adjusted mean + SE) more than for those who lost less than 5%
of weight (P <.05). The authors did not provide an equation link-
ing BMI to AHI. Therefore, we will indirectly compare their
result to our result, and estimate using our hypothetical person. If
a 250-pound, 6-ft tall person with a BMI of 33.9 kg/m? loses 6%
of their weight, their BMI would decrease to 31.9 kg/m” (a 2-point
drop in BMI), and their AHI would drop by 23 points. If the AHI
were 30 events/h, then our formula would predict that AHI drops
by 4 points. If we use an AHI of 15 events/h (similar to the average
of 15.18 events/h found in our study), then Kline et al’s calculation
would again be similar to our formula.

In a review of 20 studies on nonsurgical weight loss, Ashra-
fian et al'® found that, overall, when there was a 3-point
decrease in BMI there was an 11-point reduction in AHI. This
study was averaged from several studies. Using the same exam-
ple above, our hypothetical person’s BMI would drop by 6.3
points (which is within a similar order of magnitude to ours).
The authors also reviewed 19 surgical studies and found higher

Body weight and OSA

weight loss with surgical interventions than with nonsurgical
interventions.'® Romero-Corral et al’s review” found that bar-
iatric surgery (regardless of the type of intervention) resulted in
an average reduction of 15 points in BMI and 36 points in the
AHI. Again, this is a review of data from multiple studies, and
we estimate that their result suggests that every 1-point reduc-
tion in BMI translated to a reduction of 2.3 points in AHI, simi-
lar to our results. Finally, Stelmach-Mardas et al'® reviewed 10
articles and found that a 1-point reduction in BMI corresponded
to an approximate 1.4- to 7-point drop in AHI. Although this is
a wide range, our result falls within this range.

Other literature review studies could not be directly com-
pared with ours and are listed here. In Tuomilehto et al,'” 72
patients with mild apnea underwent a low diet program and, on
average, their BMI dropped by 3.5 points, and this corre-
sponded to a “markedly lower” adjusted odds ratio for having
mild OSA. Greenburg et al'® reviewed 12 bariatric surgery
studies (total of 342 patients) and found that the pooled mean
BMI reduction was approximately 18 points and the AHI was
reduced by approximately 38 points. Quintas-Neves et al'’
reviewed 22 surgical intervention articles and found a signifi-
cant reduction in BMI (13—43%) and AHI (28-93%). Peppard
et al*! found that, in 690 randomly selected employed Wiscon-
sin residents, a 10% increase in weight predicted an approxi-
mate 32% increase in AHI and a 10% weight loss predicted a
26% reduction in AHI (Table 5; summary of weight measure-
ments and OSA in the literature).

The BMIs in our population of veterans are consistent with
those reported in the literature. In our population, 90.4% were
overweight or obese, similar to the 88% reported in the literature.**

Figure 1—Plot of BMI (x axis) vs AHI (y axis) in all participants.

Fit Plot - Log(AHI) vs. BMI

Log(AHI)

20 30

40 50 60
BMI

[ 95% Confidence Limits

AHI = apnea-hypopnea index, BMI = body mass index.

— — - 95% Prediction Limits

Regression |
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Figure 2—Plot of BMI (x axis) vs AHI (y axis) in participants with a BMI in the range of 25-40 kg/m?.
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In our apneic participants, the mean BMI was 33.5kg/m?, and in
controls, the mean BMI was 30.3 kg/m?®. This is consistent with
what Myers et al® found in their review, in which individuals with
OSA had a mean BMI of 31.4 kg/m?, and those without had a
mean BMI of 28.3 kg/m?. Similarly, Camacho et al*® found in

their review of non-Asian (as opposed to Asian) studies that the
means for BMI in apneics and controls were 40.6 and 30.9 kg/m?,
respectively.

Finally, our age and sex results were also consistent with the
literature.>** We found apnea to be more prevalent with age, as

Table 5—BMI vs AHI in literature.

Number of Articles and

Study/First Author, Year Article Type Sample Size Decrease in Weight Decrease in AHI
lowa City VA (current study) 1 428 1 BMI 6-7%
Stelmach-Mardas,"® 2021 (this 10, Surgical intervention 1,070 1 BMI 2.83

review includes Kuna's study)
Kuna,™ 2021 1, 10-Year follow-up 134 1 kg 0.54 and 0.68 in each

intervention group

Lins-Filho, % 2021 (includes 12, Exercise intervention 596 0.55 BMI 8.06

Kline's study)
Kline,"® 2018 1, Nonsurgical intervention 114 5% Weight 2109
Quintas-Neves,'® 2016 (includes |22, Surgical intervention 1,669 Average 30.5% 65%

all Greenburg articles)
Greenburg,'® 2009 12, Surgical intervention 342 17.9 BMI (95% Cl: 38.2 (95% CI: 31.9-44.4)

55.3-37.7)
Ashrafian,'® 2015 19, Surgical intervention 525 14 BMI 29
Ashrafian,'® 2015 20, Nonsurgical 825 3.1 BMI 11
intervention
Romero-Corral,* 2010 n/a, Review n/a 15 BMI 36
Tuomilehto,"” 2009 1, Nonsurgical intervention 72 Weight loss: 10.7 + 6.5 4
kg; BMI: 3.5 + 2.1

AHI = apnea-hypopnea index, BMI = body mass index, Cl = confidence interval, VA = Veterans Affairs, n/a = not applicable.
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in prior literature® and that apnea is more common in men vs
women, similar to prior literature.’ >

Pathophysiology of OSA in relation to weight

The etiology of OSA is complex, but obesity is one of its chief
causes.® Population studies of weight loss provide support for a
causal relationship between AHI and weight.” From such stud-
ies, we know that weight loss can improve OSA. A meaningful
improvement in OSA can be achieved when weight is reduced
by 7-1 1%.%° On the other side, we also know that an increase in
weight increases the risk of having apnea. For example, a BMI
increase of 5.3 leads to 4 times greater risk of developing
OSA.**

It is postulated that weight gain worsens apnea because fat
deposition, such as around the upper airways, can predispose
individuals to a narrower lumen and increased the collapsibility
of the upper airways.4 In fact, obese patients with OSA have
42% more fat in their neck.'” Furthermore, fat deposition
around the chest reduces chest compliance and reduces resting
lung volume.*® Such reductions in lung volume reduce tracheal
traction, which increases pharyngeal collapsibility.® Another
mechanism that may explain the predisposition to OSA in peo-
ple who are obese is that adipocytes produce hormones such as
leptin.'” Leptin is an adipocyte-derived hormone regulating
energy homeostasis and body weight.*” Leptin concentration is
increased in patients with OSA,?” which may lead to reduced
neuromuscular control of the pharyngeal lumen.*® A leptin
receptor gene polymorphism was studied in OSA and it was
found that individuals who are carriers of the arginine (Arg)
allele were more obese and developed OSA as compared with
carriers of homozygotic glutamine (Gln/Gln) individuals.?’

Although obesity is the most significant predisposing factor
for OSA,' it is not the only factor, and improvement in OSA
with weight loss is not linked entirely to the loss of fat per se.?’
Other factors, such as genetic variation, also play a role in OSA.
In fact, Patel et al*® suggest that obesity only explains about
40% of the genetic variance in sleep apnea. In addition, factors
other than weight play a role because the same amount of
weight gain increases AHI more in males than in females®® and
in younger individuals compared with in older individuals.?®
Furthermore, from prevalence data of OSA in individuals with
normal weight and in those who are overweight or obese, it is
estimated that, in adults with moderate-to-severe OSA, only
58% have OSA attributable to excess weight.>' Our results sup-
port this concept that weight is not the only factor in OSA since
42% of our normal-weight veterans had OSA. Finally, one can
see from Figure 1 and Figure 2 that BMI vs AHI data are not
heavily correlated, further confirming that weight is not the
only factor contributing to OSA.

Strengths and limitations

The strengths of our study are that it is a prospective study that
could be conducted efficiently and safely during the time of
COVID-19. We had a high participation rate; we recruited a
large number of participants in a short amount of time. To our
knowledge, this is the only study that looks at the relationship
between weight and OSA in veterans.
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The limitations of our study are that we did not collect self-
reported sleep symptoms, so we cannot differentiate between
apneic individuals who have symptoms of OSA vs those who
are asymptomatic. Since this was done during COVID-19, we
did not want to prolong the testing time and we believe that our
study results were not related to the sleep symptoms. We
assume all veterans had sleep-related symptoms, because they
were referred to our polysomnography lab. Further, we did not
collect data on comorbid illnesses, such as hypertension or dia-
betes mellitus, or on central apnea, which we estimate that the
latter was present in only a few of our veterans. Central apnea is
another factor that contributes to apnea independent of weight;
future studies can separate it from OSA in weight-management
evaluations. Medications were reviewed and are listed on each
veteran’s sleep report; and although we focused on current
weight, we did not include in our analysis whether or not a vet-
eran’s weight is related to a medication side effect. Finally, we
used AASM and Centers for Medicare and Medicaid Services
criteria. It would be interesting to repeat such a study with
AASM criteria only, although with our large sample and the
indirect similarity of our results to the literature, we predict that
a similar rule of thumb is likely to emerge.

CONCLUSIONS

Weight is a major risk factor for OSA, and weight loss should
be a cornerstone of treatment for OSA. We found a mathemati-
cal relationship between BMI and AHI that can simply be stated
as a rule of thumb: for every 7-pound drop in weight, expect a
7% drop in AHI. Although this is not guaranteed, this equation
serves as guidance to patients and clinicians and is a useful and
practical way to explain to patients the role of weight gain or
loss as it relates to their OSA. Weight management is multiface-
ted and needs a multidisciplinary approach for each patient.*?
Our formula is a practical one and can be easily used in clinics.
We hope our formula plays a role in motivating patients to
improve their weight and apnea risk.

ABBREVIATIONS

AASM, American Academy of Sleep Medicine
AHI, apnea-hypopnea index

BMI, body mass index

CI, confidence interval

OSA, obstructive sleep apnea
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