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U.S. Securities and Exchange Commission (SEC) on May 2, 
2017, although it is being reconsidered (Hunnicutt 2017).  
In addition, Intercontinental Exchange’s NYSE ARCA sought 
regulator permission in June 2017 to list ProShares 4.0x and 
-4.0x QuadPro ETFs on both the S&P 500 and the Russell 2000 
(Hunnicutt and McCrank 2017). Looking further ahead, 
ProShares is also planning 4.0x products targeting crude oil 
and Treasury bond futures. It appears the question of 4.0x 
LETFs is more a matter of when than if, even as Zweig (2017) 
has questioned who is “really crazy enough” to buy these funds. 
This study attempts to determine how “crazy” one must be.

One drawback with LETFs is the constant leverage trap (Trainor 
and Baryla 2008). Because LETFs magnify returns daily, they 
cannot magnify returns over longer time periods by the same 
leverage ratio. For example, consider an index that goes up 
6 percent then down 4 percent. This is a two-period return of 
1.06 × 0.96 - 1 = 1.76%. If you have a 4.0x fund, you would 
attain 24 percent then lose 16 percent for a two-period return 
of 4.16 percent resulting in an effective two-period leverage 
ratio of 2.4 instead of 4.0. This often is referred to as leverage 
decay and it is a function of return trend, leverage, time, and 
volatility, with volatility usually being the overriding factor. 
However, this is not always the case. Trainor (2011b) shows 
that with enough trend, an investor can end up with more than 
the daily leverage ratio might indicate.

Mathematically, the effective leverage ratio over time for an 
LETF can be written as 

= β +
LRT  T  (T– 1) – [ μ  σ   ] (β 2 – β) 2 r 2 r2
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*
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ABSTRACT

Leveraged exchange-traded funds (LETFs) are designed 
to return a daily multiple ranging from –3.0x to 3.0x of 
an underlying index. Recently, both ForceShares and 

ProShares have proposed +/–4.0x products. However, real-
ized leverage tends to decrease with volatility, resulting in the 
paradoxical outcome that less leverage can be better, even 
when the market moves in the direction the investor pre-
dicts. This study shows that, under average market condi-
tions, within twenty-one trading days a 4.0x will have a median 
return approximately equal to a 3.0x and within one year, it 
will have a median return comparable to only a 2.0x. Thus, 
the higher leverage of a 4.0x will deteriorate quickly and may 
provide returns less than its lower LETF counterparts. This 
result is even more pronounced for inverse funds. To counter 
the idea that LETFs are for short-term trading only, this study 
also demonstrates a successful long-term strategy for holding 
LETFs by taking advantage of their derivative type characteris-
tics. A fixed exposure to an index can be attained with smaller 
allocations to LETFs freeing up wealth that can earn additional 
return resulting in overall outperformance.

LEVERAGED	ETFS	VERSION	4.0
Although leveraged mutual funds have been around since 
1993, the idea of using leveraged funds did not become popu-
lar until ProShares introduced 2.0x and –2.0x LETFs in 2006. 
Direxion increased the leverage by offering the first 3.0x and 
–3.0x LETFs in late 2008. The continual growth in these funds 
over the past ten years has been remarkable with more than 
$41 billion in assets under management in 270-plus funds by 
the end of 2016 (www.etf.com). The primary way these funds 
attain this leverage is through swaps, although futures, options, 
and the underlying index are used as well. The premise of these 
funds is to magnify an underlying index’s daily return by a 
fixed leverage ratio, although there are a few that magnify an 
underlying index return on a monthly basis.1 From this per-
spective, LETFs are very good at what they do.

LETF leverage ranges from -3.0x to 3.0x, but this is likely to 
change because ForceShares has upped the ante with a 4.0x 
and -4.0x on the S&P 500 futures that was approved by the 
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funds will have median returns less than a -2.0x. Thus, only 
with a correct market call over short time periods or during 
low-volatility conditions will a 4.0x fund likely outperform its 
lower leverage fund competitors.

In addition, this study demonstrates an alternative long-term 
strategy for LETFs within a portfolio context. The benefit  
of leverage is that a 3.0x LETF, for example, can attain 
100-percent exposure to the market with only one-third of  
an investor’s portfolio. The remainder can be invested in a  
relatively safe bond portfolio counteracting declines in the 
market. In effect, the LETF can act as a pseudo option or 
futures position without the need for special accounts, con-
cerns about expiring contracts, or the extreme risk associated 
with an open futures position.

Within this framework, this study shows an actively traded 
2.0x, 3.0x, or 4.0x can be used in combination with T-bills  
to outperform the S&P 500 Index while reducing risk over 
extended periods of time. The 3.0x LETF/T-bill combination 
using 33 percent in the 3.0x LETF and 67 percent in T-bills 
was the best performer for time horizons out to at least five 
years. Thus, contrary to the consensus that these instruments 
are for short-term trading only, LETFs can be used for 
extended periods and even reduce risk.

For the 4.0x funds, returns from an individual or portfolio set-
ting do not look as attractive for any extended holding period 
in a normal market relative to LETFs with less leverage. 
However, with enough trend and in low-volatility environ-
ments, a 4.0x will perform well. Except for the clairvoyant, 
investors should direct this latest incarnation of LETFs toward 
short-term trading strategies.

DATA AND METHODOLOGY
Daily return data from January 1926 to December 2016 were 
retrieved from The Center for Research in Security Prices value-
weighted index of the S&P 500 universe. To estimate the gamut 
of possible LETF returns, daily data was resampled 10,000 times 
to simulate possible future return sequences. Theoretical returns 
for -4.0x to 4.0x leverage ratios were derived assuming an 
annual 1.0-percent expense ratio because LETFs have much 
higher expense ratios than typical ETFs.3 Because the new 4.0x 
funds are based on the S&P 500 futures and not on the index 
itself, there are a few differences between the proposed 4.0x 
LETFs and others on the index. The main difference is most 
LETFs magnify the total return on the underlying index includ-
ing dividends. An investor in futures does not receive dividends. 
Thus, the proposed 4.0x ForceShares and ProShares products 
are not exactly equivalent to magnifying the underlying index. 
The adjustment is detailed below.

The S&P 500 futures generally will be higher than the S&P 
Index (contango) if interest rates exceed the dividend yield 

where LRT is the return to the leveraged fund, XRT is the under-
lying index return, β is the daily leverage ratio, T is time in 
days, µr is the mean daily return, and σr2 is the standard daily 
population variance.2 Equation (1) shows the realized leverage 
is positively related to trend and negatively related to the vari-
ance. When 

= β +
LRT  T  (T– 1) – [ μ  σ   ] (β 2 – β) 2 r 2 r2

XRT  XRT  
*

= β +
LRT  T  (T– 1) – [ μ  σ   ] (β 2 – β) 2 r 2 r2

XRT  XRT  
*  is negative, which is usually the 

case, the realized leverage over time will be less than the daily 
leverage. It should also be pointed out that the leverage over 
time even for a -1.0x inverse fund is subject to decay because 
(β2 - β)/2 is 1.0 and not zero.

Equation (1) also shows why the introduction of 4.0x funds  
will result in greater leverage decay by a magnitude. Any  
decay realized by a 4.0x is substantially increased even relative 
to a 3.0x because the 3.0x fund’s (β2 - β)/2 term is only 3 and  
a 4.0x fund’s (β2 - β)/2 multiple is 6. For an inverse fund, the 
-4.0x fund has a multiple of 10, explaining why inverse funds 
suffer from decay to a much greater extent than their bullish 
counterparts. It also explains why so many inverse funds lost 
money during the financial crisis despite the declining market. 
This led to a variety of complaints at the time (Justice 2009; 
Maxey 2009; Zwieg 2009). In addition, a decay multiple of 10 is 
unlikely to perform well in even moderate volatility conditions.

With the introduction of 4.0x and -4.0x funds, it is not clear 
how quickly the leverage decay will counter the higher leverage 
ratio even if the index increases or decreases as the investor 
predicts. Although there can be a case for holding leverage 
funds for extended periods of time (Trainor 2011b; Loehr and 
Lamb 2013; DiLellio et al. 2014), is this still the case for a 4.0x? 
At what point is leverage too high?

Leveraged funds are marketed as short-term trading vehicles, 
but Guedj et al. (2010) suggest that up to 25 percent of inves-
tors hold these funds for more than a month and up to 
8 percent hold them for more than a quarter. In addition, the 
number of investment advisors using these funds in portfolio 
construction is increasing, and it is likely the LETFs in these 
accounts are being held for significant periods of time (Lau 
2014). One only needs to read investment bulletin boards  
to learn about individual investors holding these funds for 
extended periods of time. Thus, realistic expectations of  
long-term return dynamics are essential, especially because 
expectations might have become exceedingly unrealistic based 
on the ongoing low-volatility bull market.

This study shows how new 4.0x and -4.0x funds are likely to 
perform both individually and within a portfolio setting if and 
when they are formally introduced in the market. Under  
average volatility conditions, results show the higher decay 
associated with a 4.0x leverage ratio results in median returns 
basically equal to a 3.0x LETF within one month and returns 
less than a 2.0x LETF in one year. For the inverse funds, even 
when the market decreases over the year, both -3.0x and -4.0x 
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LETF. The other 50 percent could be placed in Treasuries or 
some other type of relatively safe asset. A 4.0x requires only 
25 percent of the portfolio in the LETF. With the possibility of 
large returns from LETFs, this type of allocation may outper-
form the market with less absolute exposure. A market crash  
of more than 25 percent is certainly feasible, and with only 
25 percent in a 4.0x LETF, an investor’s losses would be miti-
gated, especially considering Treasuries in such a situation 
would do well as investors move to safety.5

This type of portfolio is not limited to mimicking 100-percent 
exposure. An investor who prefers a 50/50 equity/fixed income 
portfolio would need only 25 percent in a 2.0x LETF with the 
remaining 75 percent invested in less-risky assets. The return 
from the additional percentage in the less-risky asset may more 
than make up for the leverage decay in the LETF.

To test this theory and keep the portfolio percentages relatively 
consistent, LETF and one-year T-bill portfolios were created 
and rebalanced each month. Three portfolios were compared  
to the S&P 500 Index: (1) Portfolio 2.0x using a 50/50 split in  
a 2.0x S&P LETF and one-year T-bills, (2) Portfolio 3.0x using 
a 33/67 split in a 3.0x S&P LETF and one-year T-bills, and  
(3) Portfolio 4.0x using a 25/75 split in a 4.0x LETF and one-
year T-bills.

LETFs UNDER CONDITIONS OF CERTAINTY
Table 1 shows how leverage and volatility affect returns under 
conditions of certainty. Specifically, it shows LETF returns 
given a fixed index return with a fixed volatility over six months 
(126 trading days). Returns of -10 percent, 0 percent, and 
10 percent are shown under three volatility environments, 
10 percent, 18 percent, and 26 percent annualized, which are 
based on the average daily volatility of the market plus or 
minus one standard deviation. The 10-percent volatility 
approximates the market during the first half of 2017; 
26-percent volatility happens to approximate the volatility of 
the smallest 30 percent of stocks from 1926 to 2016. These 
stocks would be similar to the Russell 2000, which ProShares 
plans on using as an underlying index for a 4.0x.

In low-volatility environments, LETF realized leverage  
exceeds the daily leverage ratio with a return of plus or  
minus 10 percent assuming the investor predicts the market 
direction correctly. Losses when the market is flat range  
from -1.0 percent for the 2.0x to -5.3 percent for the -4.0x. 
These losses could be considered pure volatility losses.

Under more normal circumstances when volatility is 18 percent 
(the market average since 1926), returns are still increasing in 
leverage with a correct market call. However, realized leverage 
is always less than the daily leverage ratio for correct market 
calls. Although not shown, by one year, both the 4.0x and  
-4.0x funds have returns less than their 3.0x counterparts with 

based on a standard cost of carry model. However, with interest 
rates so low over the past few years, the S&P 500 futures price 
has demonstrated normal backwardation (price is lower than 
the underlying index) because, unlike typical futures commodi-
ties, buying the underlying index rewards the investor with 
dividends. However, the movements in the S&P 500 futures  
and the underlying index are a function of arbitrage bounds,  
moving virtually in lockstep with each other. Thus, the daily 
returns of the futures were commensurate with the underlying 
index after adjusting for the difference in the dividend yield  
and Treasuries.

To approximate the futures prices, the daily one-month T-bill 
return was added to the daily S&P 500 Index return not includ-
ing dividends. The 4.0x and -4.0x were priced off this return 
series and the other leveraged ratios were priced off the under-
lying index including dividends. The difference in the return 
series after this adjustment was not significant because the 
futures index had an average daily return of 0.0040 percent  
and the index with dividends had an average daily return of 
0.0042 percent with equivalent volatilities.

Monte Carlo simulation was employed to demonstrate how the 
LETFs perform under controlled conditions. Specifically, LETF 
performance was derived assuming exact returns and standard 
deviations based on a normal distribution for the underlying 
index over a six-month period. Returns were generated based 
on low- and high-volatility estimates using a plus or minus 
one standard deviation of the market’s historical daily standard 
deviation. The standard deviations from low to high on an 
annualized basis were 10 percent, 18 percent, and 26 percent.

To attain a more accurate forecast of what was likely to occur 
with these LETFs, bootstrapping was employed, which  
re sampled daily data with replacement data to create 10,000 
unique return series.4 One- and six-month holding periods  
are reported. Standard deviations, minimums, maximums, skew-
ness, excess kurtosis, Sharpe ratios, and Value at Risk (VaR) 
statistics are provided. To interpret the skewness values, a  
common rule of thumb is absolute values greater than 0.5 are 
considered skewed (Bulmer 1979), although with the number  
of observations used in this study the critical value is approxi-
mately 0.15 (Brown 2008). Excess kurtosis values greater than 
zero suggest fatter tails than would normally be expected with a 
critical value of 0.31 in this study. VaR numbers show the return 
at which there is a 5-percent chance of doing worse. Opdyke’s 
(2007) procedure was employed to test for statistical difference 
in the Sharpe ratios relative to the index, and an unconditional 
coverage test after Annaert et al. (2009) was followed to calcu-
late statistical differences in the VaR relative to the index VaR.

Finally, this study set forth a new proposition for long-term 
holdings of LETFs. To attain 100-percent exposure to the  
market, a 2.0x needs only 50 percent of the portfolio in the 
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this is far from the case because the cumulative value of a  
$1 investment in these funds far exceeds the value from invest-
ing directly in the index.

From this perspective, a 2.0x or 3.0x looks very attractive with 
its cumulative asset values of more than $480,000 and $4 mil-
lion, respectively. Compared to the $5,110 for the index 
investor, these large values look beyond reproach. However, 
these values can fall by 90 percent or more rather quickly as 
they did in 2001–2002 and 2008–2009 and a multitude of other 
historical market declines. Note that the cumulative value 
shown in table 2 for the 4.0x is far below both the 2.0x and 
3.0x. The losses of a 4.0x fund are so substantial over certain 
periods that the fund can’t recover fast enough before its value 
is again depleted with the next market decline.

To see this more clearly, see figure 1, which shows the theoreti-
cal cumulative value after expenses of $1 invested for the 2.0x 
to 4.0x leverage ratios during 1997–2016. Although the 4.0x 
shows tremendous growth as the market increases, the leverage 
is so high that the losses overwhelm the gains.

In this particular twenty-year period, the 2.0x outperforms both 
the 3.0x and the 4.0x despite the market increasing 344 percent 
over this time period. Investors holding wealth in these prod-
ucts during market declines can watch their accumulated 
wealth evaporate very quickly. Thus, increasingly higher lever-
age, even with a generally long-run advancing market, is not 
associated with increasingly higher returns.

EXPECTED RETURNS USING LETFs
Unless one can predict both the index return and volatility, it is 
impossible to predict what a LETF return will be relative to the 
index. To attain an idea of what one may realize, daily return 

only a plus or minus 10-percent move in the index. The volatil-
ity cost is also much higher, ranging from -2.1 percent for a 
2.0x to -15.4 percent for a -4.0x when the market is flat.

When volatility is relatively high, or if the underlying index is 
more volatile like the Russell 2000, results show that even by 
six months with a 10-percent market decline, a -3.0x will have 
a return less than a -2.0x and the -4.0x will have a return less 
than a -1.0x. On the upside, a 4.0x has a return less than a  
3.0x (17.7 percent versus 19.0 percent) and when the market is 
flat, the volatility costs range from -3.9 percent for a 2.0x to 
-30.1 percent for a -4.0x. These results show the problem of 
extremely high leverage in high-volatility conditions. A correct 
market call is not sufficient for even medium-term holdings  
of these instruments. There must be a large enough move to 
counteract the effects of volatility over time and the longer the 
holding period, the greater the move must be.

HOLDING AN LETF FOREVER
Table 1 shows why LETFs are marketed toward the short-term 
investor. It is interesting to consider, however, what could have 
been possible if these funds were available since 1926. Carver 
(2009) suggests LETFs may converge to zero, but table 2 shows 

EXPECTED	SIX-MONTH	LETF	RETURNS,	1926–2016
table 1 shows 2.0x to −4.0x LetF non-annualized returns given a −10-percent, 0-percent, or 10-percent index return over six months. 
Volatility is fixed at an annualized 10 percent, 18 percent, or 26 percent. Results show the rapid decay in leverage returns as volatility 
increases for any fixed index return.

10% Volatility
Index Return 2.0x 3.0x 4.0x  −1.0x  −2.0x  −3.0x  −4.0x

−10.0% −19.8% −28.6% −36.7% 10.0% 21.0% 32.4% 44.2%

0.0% −1.0% −2.0% −3.4% −1.0% −2.0% −3.4% −5.3%

10.0% 19.8% 30.5% 41.4% −10.0% −19.0% −27.5% −35.4%

18% Volatility
−10.0% −20.7% −30.9% −40.8% 8.8% 17.0% 23.8% 29.0%

0.0% −2.1% −5.2% −9.8% −2.1% −5.2% −9.7% −15.4%

10.0% 18.5% 26.1% 32.2% −11.0% −21.7% −32.2% −42.3%

26% Volatility
−10.0% −22.3% −34.9% −47.5% 6.7% 10.3% 10.1% 6.1%

0.0% −3.9% −10.5% −19.5% −3.9% −10.5% −19.5% −30.1%

10.0% 16.2% 19.0% 17.7% −12.7% −26.1% −39.7% −52.6%

Table 
1

Table 
2 CUMULATIVE	VALUE	OF	$1,	1926–2016

table 2 shows the theoretical cumulative value of $1 invest-
ed in the S&P 500 along with a 2.0x, 3.0x, and a 4.0x LetF 
from January 1926 to december 2016. Leverage is based on 
the total return over the ninety-one-year period.

S&P  
Index 2.0x 3.0x 4.0x

Cumulative Value $5,110 $483,510 $4,172,907 $197,858

Annualize Return 9.8% 15.5% 18.2% 14.3%

Leverage 94.6 816.8 38.7
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At six months for example, there was one simulation of a 4.0x 
returning more than 1,000 percent. This was counteracted by a 
VaR of -55 percent and a minimum of -96.7 percent. The ini-
tial conclusion about a 4.0x is that a 3.0x is likely to be much 
better for holding periods longer than twenty-one trading days.

To graphically demonstrate the skewness and kurtosis proper-
ties of LETFs, all of which have significant skewness and kur-
tosis, figure 2 highlights the distributional properties of these 
funds. The index itself looks normally distributed, as would be 
expected, but the LETFs have fat tails (kurtosis) and positive 
skewness. Out of 10,000 simulations, there is a 2-percent 
chance that a 4.0x fund will return more than 200 percent in a 
six-month period. The downside is the 27-percent probability 

data from 1926–2016 is bootstrapped to create 10,000 unique 
return series over one- and six-month time periods. This hope-
fully encompasses most future possibilities.

Table 3 shows the results for bullish LETFs. Although the aver-
age returns for a 4.0x are an enticing 3.6 percent relative to the 
market’s 0.9 percent, after just one month (twenty-one trading 
days) the median return is virtually the same as a 3.0x, and by 
six months the 4.0x has a lower median return relative to the 
2.0x as well, 7.3 percent versus 7.5 percent. The median return 
is likely more relevant to investors because it is the return an 
investor has at least a 50-percent chance of reaching. There is 
a very small probability of a phenomenal return, and it is  
counteracted by a much larger probability of an enormous loss. 

Table 
3

Figure 
1

Figure 
2CUMULATIVE	VALUE	OF	$1,	1997–2016

Figure 1 shows the cumulative value of $1 invested in the  
S&P 500 and theoretical 2.0x, 3.0x, and 4.0x LetFs from 
January 1997 to december 2016. A 1.0-percent annual expense 
ratio is applied to the LetFs. Results show the 4.0x LetF has 
both massive gains and losses resulting in the worst cumula-
tive performance for this time period.

DISTRIBUTION	OF	SIX-MONTH	RETURNS,	
1926–2016
Figure 2 shows the return distribution for bullish LetFs from 
2.0x to 4.0x based on 10,000 simulations using daily data from 
1926 to 2016. A 1.0-percent annual expense ratio is applied to 
the LETFs.
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BOOTSTRAPPED	RESULTS	FOR	BULLISH	LETFs,	1926–2016
table 3 shows the average returns and risk statistics for the S&P 500, and a theoretical 2.0x, 3.0x, and 4.0x LetF based on 10,000 sim-
ulations using daily return data from January 1926 to december 2016. only 5 percent of the simulated returns are less than the VaR.

S&P 2.0x 3.0x 4.0x S&P 2.0x 3.0x 4.0x
One month Six months

Average 0.9% 1.9% 2.8% 3.6% 5.3% 10.9% 16.8% 21.9%

Median 0.8% 1.5% 2.0% 2.1% 4.5% 7.5% 9.0% 7.3%

Standard Deviation 5.2% 10.6% 16.1% 21.8% 13.5% 28.9% 46.7% 67.1%

Skew 0.16* 0.33* 0.50* 0.69* 0.41* 0.83* 1.33* 1.99*

Kurtosis 1.18* 1.44* 1.88* 2.49* 0.50* 1.63* 4.23* 10.17*

Sharpe 0.12 0.15* 0.16* 0.15* 0.26 0.32* 0.32* 0.30*

Minimum −27.2% −50.2% −69.4% −85.2% −39.3% −68.1% −86.7% −96.7%

Maximum 34.0% 76.5% 129.2% 194.2% 91.0% 254.8% 542.2% 1023.8%

VaR, 5% −7.4% −14.6%* −21.7%* −28.5%* −15.5% −30.0%* −43.3%* −55.6%*

Leverage 1.79 2.33 2.50 1.68 2.01 1.65

*Significantly different than zero for skewness and kurtosis. Significant differences for VaR and Sharpe ratios are relative to the S&P Index at the 5-percent level.
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exceed the gains from their bullish counterparts. However, the 
maximum losses (the minimums since shorting) would have an 
investor facing several margin calls. One also may arrive at the 
erroneous conclusion that arbitrage may be possible by some 
combination of longs and shorts with these funds. The problem 
with this strategy is that the realized leverage is neither offset-
ting nor predictable. With no guarantee of offsetting positions, 
an investor could end up with a windfall or a disaster.

CALLING IT RIGHT
The above results show likely LETF returns over time, but 
investors both bullish and bearish may be more interested in 
the returns that are likely if the market moves in the direction 
they forecast. Table 1 showed results under conditions of cer-

that one will lose 20 percent or more. To place this number in 
perspective, there is less than a 2-percent chance the index 
itself will see such a loss.

For bearish investors, the effective decay for inverse funds will 
be worse. This is easily seen in table 4, which displays the 
results for -1.0x, -2.0x, -3.0x, and -4.0x. Although the median 
betas are higher in absolute value, an investor does not want 
them to be higher when the market is increasing. Table 4 shows 
what is likely to be experienced on average for any given one- 
or six-month period using inverse funds.

Given the median returns, there may be a rationale to short the 
inverse funds if you are bullish because the median losses far 

BOOTSTRAPPED	RESULTS	FOR	BEARISH	LETFs,	1926–2016
table 4 shows the average returns and risk statistics for a theoretical –1.0x, –2.0x, –3.0x, and -4.0x LetF based on 10,000 simulations 
using daily return data from January 1926 to december 2016. only 5 percent of the simulated returns are less than the VaR.

−1.0x −2.0x −3.0x −4.0x −1.0x −2.0x −3.0x −4.0x
One month Six months

Average −0.9% −1.8% −2.7% −3.4% −5.3% −10.7% −15.4% −19.1%

Median −0.9% −2.1% −3.4% −4.9% −6.0% −13.5% −21.2% −28.8%

Standard Deviation 5.2% 10.3% 15.4% 20.5% 12.3% 23.4% 34.0% 44.6%

Skew 0.13 0.27* 0.41* 0.56* 0.38* 0.80* 1.26* 1.78*

Kurtosis 0.72* 0.83* 1.03* 1.30* 0.48* 1.40* 3.20* 6.29*

Sharpe −0.22* −0.20* −0.19* −0.18* −0.58* −0.53* −0.51* −0.47*

Minimum −23.9% −43.2% −59.3% −74.8% −49.3% −75.4% −88.5% −94.9%

Maximum 26.6% 55.5% 87.3% 121.5% 59.9% 137.3% 252.3% 417.2%

VaR, 5% −9.1%* −17.9%* −26.1%* −33.7%* −24.2%* −44.0%* −59.1%* −70.7%*

Leverage −1.24 −2.81 −4.49 −6.37 −1.27 −2.84 −4.48 −6.08

*Significantly different than zero for skewness and kurtosis. Significant differences for VaR and Sharpe ratios are relative to the S&P Index at the 5-percent level.

Table 
4

Table 
5 BOOTSTRAPPED	RESULTS	FOR	CORRECT	MARKET	CALLS,	1926–2016

table 5 shows the non-annualized average returns and risk statistics for 2.0x to –4.0x LetFs based on 10,000 simulations using daily 
return data from January 1926 to december 2016. Returns for the bullish LetFs are only when the market increases by 2.5 percent or 
more over the six months while returns for the bearish LetFs are only when the market decreases by –2.5 percent or more over six 
months. only 5 percent of the simulated returns are less than the VaR.

S&P 2.0x 3.0x 4.0x S&P −1.0x −2.0x −3.0x −4.0x
Minimum index gain of 2.5% over six months Minimum index loss of –2.5% over six months

Average 14.6% 30.2% 46.7% 62.5% −5.7% 9.7% 18.3% 26.8% 35.6%

Median 12.3% 24.3% 35.5% 44.4% −5.0% 7.8% 13.7% 18.8% 23.8%

Standard Deviation 9.7% 23.0% 40.6% 63.3% 2.7% 7.7% 17.1% 28.7% 42.8%

Skew 1.28* 1.61* 2.04* 2.66* −1.55* 1.50* 1.75* 2.04* 2.37*

Kurtosis 2.33* 4.47* 8.51* 16.57* 3.61* 3.35* 4.95* 7.08* 9.75*

Sharpe 1.32 1.24 1.11 0.96 −2.20 1.03* 0.96* 0.87* 0.79*

Minimum 2.5% −2.0% −17.3% −47.5% −24.1% −2.7% −10.0% −22.8% −41.4%

Maximum 91.0% 254.8% 542.2% 1023.8% −2.5% 59.9% 137.3% 252.3% 417.2%

VaR, 5% 3.4% 5.3%* 5.7%* 3.3% −10.9% 1.5%* 0.8%* −1.3%* −4.7%*

Leverage 1.97 2.88 3.60 1.00 −1.56 −2.74 −3.76 −4.76

*Significantly different than zero for skewness and kurtosis. Significant differences for VaR and Sharpe ratios are relative to the S&P Index at the 5-percent level.
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in the LETF, an investor could still maintain 100-percent  
market exposure while limiting absolute exposure. An investor 
needs only 33.3 percent of wealth in a 3.0x to be equivalent 
to a 100-percent index investment. The remainder can be 
placed in Treasuries or a similar safe asset class. This has  
three advantages: (1) smaller absolute swings in exposure,  
(2) the possibility of realizing some of the phenomenal returns 
from LETFs when the market increases dramatically, and  
(3) the ability to harness more return from relatively safe  
assets that could more than make up for leverage decay and 
higher LETFs expense ratios.

Table 6 shows bootstrapped returns based on 10,000 simula-
tions for the index, a 2.0x portfolio with a 50/50 split in  
a 2.0x S&P LETF and one-year T-bills, a 3.0x portfolio with  
a 33/67 split in a 3.0x S&P LETF and one-year T-bills, and a 
4.0x portfolio with a 25/75 split in a 4.0x S&P LETF and one-
year T-bills. Portfolios are rebalanced monthly.

Relative to the index, all the LETF/T-bill combinations have 
statistically significant higher returns with better minimums, 

tainty; table 5 shows results for 10,000 simulated one-month 
periods when volatility is not fixed. Returns for bullish funds 
are for only those periods when the market increases by at least 
2.5 percent, and returns for bearish funds are for only those 
periods when the market decreases by at least 2.5 percent. 
These results are much more favorable for the higher leveraged 
funds even though every LETF still has a negative minimum.  
In fact, the 4.0x has a -47.5-percent loss in one simulation 
despite the market increasing by at least 2.5 percent. This is 
almost three times the maximum loss for a 3.0x. In summary, 
for investors extremely confident about their projections, the 
greater the leverage, the greater the return, although negative 
results still are possible if volatility becomes too high.

LONG-TERM	HOLDINGS	OF	LETFs IN A PORTFOLIO
One drawback to a buy-and-hold type strategy for LETFs is 
the dramatic change in exposure to market moves. When the 
market decreases, there is suddenly much less wealth in the 
LETF to reacquire what is lost when the market rebounds. 
Similarly, market increases lead to an increasing amount of 
exposure. By periodically rebalancing the percentage of wealth 

Table 
6 LEVERAGED	PORTFOLIO’S	BOOTSTRAPPED	RESULTS,	1926–2016

table 6 shows the average returns and risk statistics for the S&P 500 and theoretical portfolios consisting of 50 percent in 2.0x S&P 
LetF and 50-percent t-bills, 33-percent 3.0x/67-percent t-bills, and 25-percent 4.0x/75-percent t-bills. Returns based on 10,000 runs 
of daily return data from January 1926 to december 2016. only 5 percent of the simulated returns are less than the VaR.. For five years, 
the returns are annualized. 

S&P 2.0x Port 3.0x Port 4.0x Port S&P 2.0x Port 3.0x Port 4.0x Port
One month Six months

Average 0.9% 1.0%* 1.1%* 1.1%* 5.6% 6.7%* 7.0%* 7.0%*

Median 0.8% 0.8% 0.8% 0.7% 4.7% 5.7% 5.9% 5.7%

Standard Deviation 5.3% 5.3% 5.4% 5.5% 13.7% 14.0% 14.2% 14.4%

Skew 0.15 0.29* 0.44* 0.58* 0.43* 0.51* 0.59* 0.66*

Kurtosis 0.73* 0.86* 1.08* 1.39* 0.65* 0.80* 1.00* 1.23*

Sharpe 0.10 0.13* 0.14* 0.14* 0.27 0.34* 0.36* 0.35*

Minimum −24.1% −22.7% −21.5% −20.4% −43.1% −38.9% −37.7% −37.6%

Maximum 29.2% 32.5% 36.0% 39.8% 90.3% 96.7% 102.3% 107.7%

VaR, 5% −7.6% −7.4%* −7.2%* −7.1%* −15.6% −14.6%* −14.1%* −14.2%*

Leverage 1.11 1.03 0.88 1.21 1.24 1.20

One year Five years
Average 11.1% 13.3%* 14.1%* 14.0%* 9.7% 11.9%* 12.7%* 12.5%*

Median 9.1% 11.1% 11.7% 11.3% 9.5% 11.6% 12.4% 12.2%

Standard Deviation 20.5% 21.1% 21.4% 21.6% 8.9% 9.2% 9.3% 9.4%

Skew 0.53* 0.58* 0.63* 0.68* 0.18* 0.20* 0.22* 0.24*

Kurtosis 0.53* 0.63* 0.74* 0.88* −0.02 −0.01 0.01 0.03

Sharpe 0.35 0.44* 0.47* 0.46* 0.64 0.86* 0.93* 0.91*

Minimum −46.0% −44.5% −43.8% −43.2% −16.3% −14.7% −14.2% −14.4%

Maximum 120.4% 129.3% 135.8% 140.5% 44.5% 47.8% 49.2% 50.1%

VaR, 5% −19.2% −17.4%* −16.8%* −17.0%* −4.5% −2.7%* −2.1%* −2.3%*

Leverage 1.22 1.28 1.24 1.28 1.38 1.36

*Significantly different than zero for skewness and kurtosis. Significant differences for average return and VaR are relative to the S&P Index at the 5-percent level.
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Vanguard’s Total Bond Index Fund (VBMFX) in place of one-
year T-bills.6 There are still losses, but the outperformance is 
significant with losses approximately the same as would be 
experienced with a 100-percent position in the index itself.

This type of framework shows the option value of LETFs assum-
ing rebalancing. A standard 60/40 stock/bond portfolio 
conceivably could be replaced with a 20/80 3.0x LETF/bond 
portfolio. LETFs still require some active trading, but by invest-
ing more in these leveraged funds when they go down and 
taking money out when they do well, the long-run return possi-
bilities look attractive. It also should be noted that although the 
4.0x portfolio slightly outperforms the 3.0x LETF/T-bill portfo-
lio in figure 4, this is only one sequence of returns and the 
bootstrapped results suggest a 3.0x/T-bill combination is 
likely to be optimal.

Before implementing the above portfolio strategy, investors 
need to be aware that it is an active strategy. Rebalancing is 
critical in addition to having a portfolio outlook. The LETF 
itself can lose much of its value very quickly and an investor 
will need to rebalance to re-establish proper exposure. For a 
3.0x, a monthly loss of more than 50 percent is possible. At the 
same time, profits will need to be taken if the LETF gains a 
great deal.

The topic of rebalancing is beyond the scope of this article,  
but suffice it to say that rebalancing must be done in modera-
tion. Rebalancing too often, especially daily, would result in  
an investment in a higher-expensed LETF with greater trans-
action costs and no chance of experiencing any extremely 
positive returns from longer holding periods. Not rebalancing 

VaRs, maximums, and Sharpe ratios. The return differences are 
not trivial. At five years, a 3.0x has an average annualized 
return of 12.7 percent compared to 9.7 percent for the index.

The standard deviations across the portfolios are approximately 
the same and the LETF/T-bill portfolios still maintain more 
positive skewness relative to the index itself. From one to six 
months, there is little difference in the LETF/T-bill combina-
tions, but by one year and longer, the 3.0x/T-bill portfolio 
clearly becomes the best performer in the group. This suggests 
the 3.0x/T-bill combination may be the sweet spot in terms of 
maximum leverage given historical market volatility. The results 
also demonstrate that LETFs can be held for long periods of 
time (albeit actively managed) and can even improve returns rel-
ative to an index-only portfolio without increasing risk.

The positive results shown in table 6 make it worth revisiting 
the past twenty years to see how this arrangement might  
have performed. LETFs were rebalanced each month with  
the remainder of the portfolio, 50 percent, 67 percent, or 
75 percent, respectively, invested in one-year T-bills.  
Figure 3 shows the results.

With monthly rebalancing, every leveraged/T-bill portfolio 
outperforms the S&P 500 Index despite the portion in T-bills 
earning very little since the 2008 financial crisis as the U.S. 
Federal Reserve pursued a zero-interest-rate policy. A more 
aggressive bond position would have caused these portfolios  
to significantly outperform.

To attain an idea of what is possible using a more aggressive 
bond portfolio, see figure 4, which shows results using 

Figure 
3

Figure 
4LEVERAGED ETF PORTFOLIO CUMULATIVE 

VALUE	OF	$1	USING	MONTHLY	REBALANCING,	
1997–2016
Figure 3 shows the cumulative value of $1 invested in the  
S&P 500 and theoretical 50%/50% 2.0x/t-bill, 33%/67% 3.0x/ 
t-bill, and 25%/75% 4.0x/t-bill portfolios from January 1997  
to december 2016. A 1.0-percent annual expense ratio is 
applied to the LETFs.

LEVERAGED ETF PORTFOLIO CUMULATIVE  
VALUE	OF	$1	USING	TOTAL	BOND	FUND,	
1997–2016
Figure 4 shows the cumulative value of $1 invested in the  
S&P 500 and theoretical 50%/50% 2.0x/VBmFx, 33%/67% 3.0x 
VBmFx, and 25%/75% 4.0x/VBmFx portfolios from January 1997 
to december 2016. VBmFx is Vanguard’s total Bond Fund.  
A 1.0-percent annual expense ratio is applied to the LetFs.
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Although a great deal of research suggests LETFs are for short-
term trading only, long-term results can be profitable and, in 
the right context, even optimal. Several studies have shown that 
if the return trend is high enough, the leverage decay often can 
be overcome. The ProShares 3.0x S&P 500 Ultrafund, which 
was first offered in June 2009, is a case in point. By the end of 
2016, the fund had a cumulative total return of 1,045 percent 
relative to the 183-percent SPY return for a realized leverage 
ratio of 5.7. A 4.0x would have theoretically returned 
1,879 percent over this time for a realized leverage ratio of 10.3 
because the trend was high and the annualized volatility was 
low (15 percent average and less than 10 percent for the past 
two years). Thus, one does not necessarily need to be “crazy” to 
invest in a 4.0x LETF, just a great prognosticator.

In contrast to much of the literature, this study proposes a strat-
egy that appears to justify long-term holdings for investors 
actively managing LETFs within a portfolio context. Results show 
that using LETFs in combination with a T-bill position can sig-
nificantly outperform the index by up to 3.0 percent annually with 
less or equal risk. To compare directly to a 100-percent equity 
position, an investment of 50 percent in a 2.0x, 33 percent in a 
3.0x, or 25 percent in a 4.0x is all that is needed. The rest of the 
portfolio can be invested in T-bills or a similar type asset. Using 
monthly rebalancing to keep the exposure relatively consistent 
shows greater returns and reduced risk with smaller minimums, 
greater maximums, and better VaRs relative to the index. Using 
the 3.0x LETF/T-bill portfolio appears to be the sweet spot 
because it outperforms the index as well as other LETF/T-bill 
combinations. The results are consistent for holding periods out 
to five years or more and reaffirmed by examining what may 
have been possible over the past twenty years. 

In summary, new 4.0x funds are on the horizon. They will be 
more volatile and suffer greater decay by a magnitude com-
pared to their less-leveraged counterparts. The results from 
this study suggest 4.0x LETFs are best suited for the extremely 
confident, the clairvoyant, or limited to short-term trading  
purposes during low-volatility environments. 

William J. Trainor, Jr., PhD, CFA®, is a professor of finance at East 
Tennessee State University. Contact him at trainor@etsu.edu.

often enough could result in large losses to the LETF position 
both from overexposure if the market increases then falls and 
underexposure if it falls then bounces back. Monthly rebalanc-
ing was used arbitrarily in this study; no effort was made  
to determine an optimal frequency or whether it would be  
optimal to rebalance only after the index returns a certain  
magnitude. In addition, tax effects from rebalancing must  
be considered unless the strategy is implemented in a tax-
deferred account.

A final caveat is a reminder that the returns in this study are 
theoretical returns assuming no tracking error and a 1-percent 
expense ratio. Although LETFs on average meet their daily 
leverage ratios, additional tracking error and expenses would 
reduce returns. In addition, from a portfolio standpoint, if the 
relatively safe asset has extremely low yields, it is unlikely the 
greater position in the safe asset that LETFs allow will make up 
for higher LETF expenses. This has been particularly true over 
the past several years during the Federal Reserve’s near zero-
percent interest-rate policy.

CONCLUSION
LETFs supplying 4.0x leverage appear to be on their way.  
Both ForceShares and ProShares have 4.0x products awaiting 
approval. This study finds that, under normal market vola tility 
conditions, the median returns from a 3.0x are approx imately 
equal to a 4.0x after twenty-one trading days. By six months, 
the median returns from a 4.0x are less than both a 2.0x  
and 3.0x.

Because the market has a positive trend over time, inverse 
funds are immediately disadvantaged. Even if the investor 
makes a correct market call, market volatility generally rises in 
declining markets. With a 10-percent loss over six months 
when volatility is at 26 percent, a -4.0x will underperform even 
a -1.0x. With these sort of returns, 4.0x LETFs should be used 
only by active traders with short-term trading strategies of less 
than one month. For longer holding periods, especially with 
inverse LETFs, the lower leveraged funds are likely to outper-
form with less risk.

For those investors who are extremely confident in their fore-
casts and assuming volatility is relatively low, this study shows 
that returns increase with leverage out to six months with a cor-
rect market call. Under normal volatility conditions, a 3.0x 
LETF is realistically the upper bound to maintain an expecta-
tion of maximized leverage relative to the index. For those still 
enamored with the possible size of 4.0x returns during rising 
markets, recall October 1987, when the market fell 5 percent on 
Friday, October 16, then another 20 percent the following 
Monday. An investor who took a four-day weekend would have 
returned to find a 4.0x fund down approximately 84 percent in 
just two trading days. Phenomenal returns are possible, but so 
are phenomenal losses.

The results from this study suggest 4.0x 
LETFs are best suited for the extremely 
confident, the clairvoyant, or limited to 
short-term trading purposes during  
low-volatility environments.
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ENDNOTES
1.  Trainor (2011a) shows daily and monthly rebalancing have the same 

type of drawbacks for long-term investors because the difference in 
the realized leveraged ratio between daily and monthly rebalancing 
becomes fairly blurred after six months. hougan (2009) finds roughly 
the same type of result.

2. Equation (1) approximates the decay in leverage because higher ordered 
terms along with the sequence of returns is ignored. Empirically, the 
realized volatility along with the sequence of the returns are important 
because leveraged funds have positively skewed returns. See Cheng 
and Madhavan (2009), Avellaneda and Zhang (2010), or Trainor and 
Carroll (2013) for more details in the derivation of Equation (1).

3.  ProShares 2.0x SPRO and 3.0x UPRO S&P leveraged funds have ex-
pense ratios of 0.89 percent and 0.94 percent, respectively. 1.0 percent 
is used in this study to account for additional transaction costs that are 
associated with daily rebalancing.

4.  Sampling five days at a time to create return series also was tested 
to determine if some daily momentum or reversion occurs with no 
significant changes in the results.

5.  In any given day the 4.0x fund will supposedly be limited to a 
96-percent loss with the use of put options.

6.  With Vanguard now offering this portfolio as an etF (BNd), one easily 
could replicate these portfolios with just two ETFs.
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