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1  | INTRODUC TION

Approximately 65-80 percent of individuals will experience low-
back pain (LBP) during their lifetime, and there were approximately 
2.5 million medical visits for neck and/or back pain each month (pri-
mary or secondary diagnoses), on average, from 1999 to 2000.1,2 
The cost of LBP is over $100 billion annually, two-thirds being due to 
lowered productivity and lost wages.3

Numerous longitudinal studies find that in samples of individu-
als without psychological distress at baseline, LBP predicts future 
psychological distress (mood/anxiety disorders).4-6 In contrast, nu-
merous additional longitudinal studies find the reverse: In samples 
of individuals without LBP at baseline, psychological distress (mood/
anxiety disorders) predicts future LBP.5,7

Significant light is shed on this latter phenomenon by neurobio-
logical research, which has identified biological mechanisms linking 
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Abstract
Objective: To determine whether exogenously reduced psychological distress re-
duces reported low-back pain (LBP) and is associated with reduced medical visits for 
LBP.
Data Sources: National Health Interview Survey, National Ambulatory Medical Care 
Survey, National Hospital Ambulatory Medical Care Survey, 1998-2004.
Study Design: We estimate a fuzzy regression discontinuity model in which a discon-
tinuity in the prevalence of psychological distress is identified by exogenous national 
events. We examine whether this discontinuity induced a corresponding disconti-
nuity in the prevalence of LBP. We additionally estimate a regression discontinuity 
model to determine associated changes in medical visits with LBP as the primary 
complaint.
Principal Findings: The prevalence of LBP was discontinuously reduced by one-fifth 
due to the exogenous national discontinuous reduction in psychological distress. This 
discontinuity in LBP cannot be explained by discontinuities in employment, insur-
ance, injuries/poisoning, general health status, or other factors. We find an associ-
ated three-fifth discontinuous reduction in medical visits with LBP as the primary 
complaint.
Conclusions: On a monthly basis, 2.1 million (P < .01) adults ceased to suffer LBP due 
to the national reduction in psychological distress, and associated medical visits with 
LBP as the primary complaint declined by 685 000 (P < .01).
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psychological distress and pain. Consider one form of psychological 
distress, anxiety, defined as apprehension about potential future 
threats, where the outcomes of such threats are uncertain.8,9 This 
can result in hypervigilance that initiates neurobiological changes 
that can result in increased sensitivity to pain.8,9 Human studies find 
that experimentally induced anxiety, via the introduction of anxi-
ety-promoting information, can increase sensitivity to pain.8,10-16 
Not only can sensitivity to pain be induced by anxiety-promoting 
information, but pain itself can also be induced in previously pain-
free individuals by increasing anxiety as demonstrated in human ex-
periments.8,17-20 Both increased sensitivity to pain and pain initiation 
may also occur in some types of depression due to the overlap be-
tween depression and anxiety.9,16,21-23

These two lines of evidence, (1) longitudinal studies that estab-
lish psychological distress as a risk factor for LBP in samples of indi-
viduals without LBP at baseline, and (2) human experimental studies 
finding that psychological distress can initiate at least some pain ex-
periences, suggest that at least some LBP, although not all, may be 
rooted in psychological distress. If the existence of this fraction of 
LBP implies that neurobiological effects have been set in motion by 
psychological distress, then reducing psychological distress should 
result in the reduction/cessation of this fraction of LBP. We thus 
hypothesize that an exogenous reduction of psychological distress 
would result in the cessation of at least some LBP. While the causes 
of LBP exist on a continuum, we propose a test of this hypothesis 
that should be able to determine what proportion of LBP may be 
largely rooted in psychological distress.

To examine our hypothesis, we use a design with high internal 
and external validity. Our approach is a regression discontinuity 
analysis applied to national data. Regression discontinuity models 
are increasingly used in economics,24-26 epidemiology,27-30 and med-
ical research,31-34 in contexts where randomized controlled trials are 
economically or ethically infeasible.

While this study should determine the extent to which a reduced 
prevalence of psychological distress reduces the prevalence of LBP, 
not all individuals with LBP seek medical attention. Thus, the impli-
cations of this phenomenon for health policy partially depend on the 
extent to which medical visits with LBP as the primary complaint are 
simultaneously reduced. We thus also use a regression discontinuity 
model to examine whether such visits were simultaneously reduced.

1.1 | The impact of terrorist attacks and recessions 
on emotional well-being

To determine whether a reduction in the prevalence of psycho-
logical distress results in a reduction in the prevalence of LBP, we 
exploit two co-occurring exogenous national events that occurred 
in November of 2001 and would be expected to reduce psycho-
logical distress in November 2001: (a) the last of the three major 
governmental responses to the September 11, 2001 (9-11), terror-
ist attacks, and (b) the ending of the 2001 recession. These events 
identify the timing of the discontinuity.

Evidence indicates that violent events are associated with re-
duced emotional well-being. The impact of 9-11 was found to in-
crease negative affect among individuals in Britain.35 Similar effects 
have also been found in young adults in the United States.36 Related 
findings have also been found using data capturing the effect of the 
Charlie Hebdo terrorist attack in France and data capturing the ef-
fect of the 2011 riots in England.37,38

Evidence also indicates that national economic downturns im-
pact the prevalence of psychological/behavioral disorders.39 The 
Great Recession of 2007-2009 has been associated with increases 
in mental health issues.40-42 This recession has also been associated 
with increases in proxies for psychological distress, such as mental 
health care utilization.41,43 Studies examining earlier recessions find 
similar results.44-51

We suggest that not only do terrorism/violence and recession 
reduce emotional well-being, but emotional well-being would be im-
proved by reducing terrorism/violence and quickly ending recessions. 
The extent to which these events occur in close time proximity to each 
other as well as the order in which they occur would be expected to im-
pact the relative magnitude of their effects on psychological distress.

To frame our analysis, we note that the Index of Consumer 
Sentiment declined strongly starting in December 2000 and con-
tinued to decline through the formal beginning of the recession 
in March 2001.52 This is consistent with the upward trend in psy-
chological distress over approximately the same time period. See 
Figure 1, Panel A.

It was during this high prevalence of psychological distress that 
the 9-11 terrorist attacks occurred, attacks associated with a con-
tinuing increase in psychological distress as shown in Figure 1, Panel 
A, but an increase that was likely smaller than would have been the 
case had there been no recession. The 9-11 attacks were followed 
by three rapid government responses. On October 7, the United 
States invaded Afghanistan in an effort to dismantle Al-Qaeda, the 
group identified as responsible for the 9-11 attacks.53 On October 
26, Congress passed the Uniting and Strengthening America by 
Providing Appropriate Tools Required to Intercept and Obstruct 
Terrorism Act of 2001.54 Finally, on November 19, Congress passed 
the Aviation and Security Act, creating the Transportation Security 
Administration.55 Concomitantly, the economic recession also 
ended in November 2001.56 The simultaneity of the end of the re-
cession and the last of the three major governmental responses to 
9-11 would be expected to have a larger impact on psychological 
distress than either event occurring in isolation.

Any reduction in psychological distress occurring in the second 
half of November 2001 would not be fully reflected in the NHIS until 
the second half of December 2001, or more likely, the beginning of 
January 2002 because of the 30-day look-back period in the mea-
sure of psychological distress and because the NHIS is not collected 
during the winter holidays. Thus, the discontinuity in psychological 
distress occurring in November 2001 is likely to be picked up in 
these data between December 2001 and January 2002. The mea-
sure of self-reported LBP in the NHIS looks back 90 days, and so is 
subject to a similar lag.
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In contrast, any discontinuous reduction in medical visits for LBP 
in November 2001 would be reflected immediately in November 2001 
in both the National Ambulatory Medical Care Survey (NAMCS) and 
the National Hospital Ambulatory Medical Care Survey (NHAMCS), 
which both provide the specific month of medical visits.

Although it is not reasonable to assume that the entire US popu-
lation supported the US response to 9-11, it is reasonable to assume 
that, on average, these events, combined with the end of recession, 
would reduce the national prevalence of psychological distress. The 
exogenous nature of these events allows us to evaluate rigorously 
the hypothesis that a reduction in the prevalence of psychological 
distress can induce a reduction in the prevalence of LBP. A concom-
itant reduction in medical visits for LBP should also be observed.

2  | METHODS

2.1 | Data

We use 84 months of repeated cross-sectional data: 1998-2004. Data 
on psychological distress and self-reported LBP come from the NHIS.57 
The NHIS is an in-person survey that collects information on health, 
health care access, and health behaviors of the civilian, noninstitutional-
ized US population. Data are collected across the calendar year using a 
complex survey design and are nationally representative by month.58

We use the combined NAMCS and NHAMCS for the same period. 
The NAMCS is a survey of visits to office-based physicians, and the 
NHAMCS is a survey of visits to hospital outpatient and emergency 

departments. Both are collected across the calendar year using a 
complex survey design and are nationally representative.

2.2 | Outcome variable

Our primary outcome is LBP. Individuals in the NHIS were asked, “During the 
past three months, did you have low back pain?” Our secondary outcome is 
whether LBP was the most important reason for a given medical visit and is 
found in the NAMCS and NHAMCS. We omit medical visits for which LBP 
was not the primary complaint to avoid picking up visits where LBP was a 
peripheral concern and may not have influenced individuals to seek care.

2.3 | Assignment variable

Individuals in the NHIS are implicitly assigned to treatment and 
control groups based on the interview schedule. There are approxi-
mately 2500 such observations per month. Individuals in the com-
bined NAMCS and NHAMCS are implicitly assigned to treatment 
and control groups based on their medical treatment date. There are 
approximately 7300 such observations per month.

2.4 | Treatment variable

“Treatment” is defined as a reduction in psychological distress to a 
level below moderate psychological distress. We use Kessler's K6, 

F I G U R E  1   Panel A: prevalence of moderate-to-severe psychological distress (NHIS). Panel B: prevalence of low-back pain (NHIS). 
Panel C: proportion of medical visits with LBP as primary reason (combined NAMCS and NHAMCS). Panel D: prevalence of health 
insurance (NHIS). All panels show January 1998 through December 2004 with 95% confidence intervals [Color figure can be viewed at 
wileyonlinelibrary.com]
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a reliable and valid measure of nonspecific psychological distress in 
the NHIS.59 The components making up the K6 and its documented 
gender disparity suggest the K6 is capturing anxiety/mood disor-
ders.60 The components of the K6 are not linked to personal context 
(apart from time) or other health conditions, making the K6 a gen-
eral measure. The K6 scale is derived by summing responses to six 
questions asking how often the respondent felt worthless, hopeless, 
restless, sad, nervous, or that everything was an effort, during the 
past 30 days. Answers are coded as 0 (none of the time), 1 (a little 
of the time), 2 (some of the time), 3 (most of the time), or 4 (all of 
the time) and are summed to yield a 0-to-24 scale. Scores ≥13 indi-
cate severe psychological distress consistent with serious mental ill-
ness.61 Scores of 5 to 12 indicate moderate psychological distress, a 
level sufficient to warrant clinical intervention.62 However, the latter 
scoring was determined using only California data, where the opti-
mal cut-point for Hispanics was 6, while the optimal cut-point for the 
overall population was 5. Since Hispanics made up approximately 39 
percent of the California population but only 18 percent of the US 
population, we suggest that the appropriate cut-point for moderate 
psychological distress for the national population is lower. Since the 
K6 is an ordinal measure, we cannot use fractional cut-points and so 
conservatively use scores of 4 to 12 to capture moderate psycholog-
ical distress. Thus, to capture moderate-to-severe levels of psycho-
logical distress, we use a binary indicator equal to one when K6 ≥ 4 
and zero otherwise. We also construct versions capturing subclinical 
levels (K6 ≥ 3 and K6 ≥ 1) for sensitivity testing.

2.5 | Covariates

Covariates from the NHIS include race/ethnicity, gender, marital 
status, education, general health status, family income, age, current 
health insurance, current employment status, and census region. An 
additional variable used for a placebo test is injuries/poisoning in 
the previous three months. Covariates available from the NAMCS 
and NHAMCS are limited and include race/ethnicity, gender, health 
insurance, and census region. We omit data from the northeast to 
avoid including 9-11 victims and first responders as they may have 
sustained a physical injury to their low back. Each attack/crash on 
9-11 occurred in the northeast.

2.6 | Regression discontinuity model

Regression discontinuity models can be conceptualized in two dif-
ferent ways. One is as a kind of randomized experiment, where 
subjects in the appropriate bandwidths to the right and left of the 
discontinuity are assumed to be as good as randomly allocated to 
treatment and control groups, ruling out selection bias. Treatment 
effects are measured by the difference in means between the two 
groups.

An alternative conceptualization posits that selection into treat-
ment and control groups is not necessarily random, but is described 

by a regression line where there is equivalence in the pre-and 
post-functional form. Selection bias is ruled out by the assumption 
that in the absence of treatment, there would be no discontinuity 
in the functional form of the pre- and post-regression line across 
the relevant regions. The untreated portion of the line serves as the 
counterfactual to treatment.

Regardless of the above conceptual choices, regression discon-
tinuity analysis has two key assumptions. The first assumption is 
the continuity restriction: There is no discontinuity in potential out-
comes at the cutoff. In other words, there should be no alternative 
interpretation for the existence of the discontinuity in the outcome 
apart from the hypothesis being tested. This implies that no alter-
native explanatory variables have a discontinuity that would serve 
as a causal confound. In contrast, the second assumption is that the 
probability of receiving treatment must be discontinuous at the cut-
off and the position of the cutoff must be exogenously determined.

The discontinuity in the probability of receiving treatment can 
be assumed to be either sharp or fuzzy,63 depending on how individ-
uals are assumed to be allocated into treatment and control groups: 
with certainty or probabilistically. In the latter case, the fuzziness of 
the discontinuity is addressed by using the assignment variable at 
the cutoff as an instrumental variable for receiving treatment.

In this study, we are interested in the “treatment” of a reduc-
tion in psychological distress that occurs after the aforementioned 
co-occurring national events. Not everyone would be expected to 
respond to these events in the same manner, making movement 
into or out of psychological distress probabilistic. Thus, a fuzzy 
regression discontinuity model, in which the probability of par-
ticipation in “treatment” increases (or decreases) as one passes 
the cutoff threshold but can vary along the unit interval [0, 1], is 
appropriate.

Following Cattaneo, Idrobo, and Titiunike,64 consider the assign-
ment rule: 

where treatment assignment is Ti (experiencing the relevant events), 
Xi is the assignment variable (months), and xis the cutoff value of the 
assignment variable. The regression discontinuity estimator for the 
treatment assignment, Ti, and the degree to which treatment is taken 
up, ��i (experiencing moderate-to-severe psychological distress), can 
be written: 

This is the first-stage result: ���. The average treatment effect 
can be found by assuming local independence of ��� i (1)−��� i (0)

(where ��� i is low-back pain) and ��i(1 Xi≥x Xi is close to x24

(1)Ti=

⎧
⎪⎨⎪⎩

1 if Xi>x

0 if Xi≤x

⎫
⎪⎬⎪⎭

(2)lim
x↓−x

E[��i|Xi=x]− lim
x↑−x

E[��i|Xi=x]=E[��i 1 −��i 0 |Xi=x]≡ ���

(3)

lim
x↓x

E[LBPi|Xi=x]− lim
x↑x

E[LBPi|Xi=x]=

E[PDi(1)−PDi(0)|Xi=x] ⋅E[LBPi(1)−LBPi(0)|Xi=x]



     |  635
Health Services Research

BROWN et al.

When we divide Equation (3) by Equation (2), we obtain

which is the local average treatment effect (LATE), �F, where the sub-
script, F, indicates a fuzzy regression discontinuity, unit i  is the com-
plier, and Xi=x. In addition, our instrument in the first stage must meet 
the standard criteria: relevance/strength of the instrument, exclusion 
restriction, and monotonicity.65

As noted above, for any regression discontinuity model to be valid, 
the assignment variable must be exogenously determined: Individuals 
must not manipulate the value of the assignment variable such that 
they are placed in the treatment or control group. The assignment 
variable, Xi, is time measured in months. While individuals being in-
terviewed for the NHIS have some choice as to their interview date, 
manipulation of the survey date with a view to avoid or ensure inclu-
sion in the treatment group was not possible since the timing of the 
relevant exogenous events was not foreseeable. Similarly, while indi-
viduals whose medical visit is captured by the NAMCS or NHAMCS 
have some choice as to the day they receive care, manipulation of the 
survey date to avoid or ensure inclusion in the treatment group was 
not possible for the same reason.

We estimate our models using covariates.63,66 Assuming that 
individuals are as good as randomly allocated to either side of the 
discontinuity, covariates will merely increase the precision of the es-
timate and should not yield estimates that are statistically different 
from the estimates not incorporating covariates.

To illustrate the addition of covariates formally, we assume a 
first-degree polynomial. Assume that we possess a random sample:

to which we now add Z′

i
, a vector of covariates. Then, the regressions 

we wish we estimate are as follows:

Taking parameters �Y and ���, we obtain covariate-adjusted 
LATE, �̃F:

For the analysis of the combined NAMCS and NHAMCS, we use 
a sharp regression discontinuity model as these data do not contain 
the K6. Thus, the relevant model would be similar to Equation (6) 
where the treatment effect is τY.

The treatment effects described above will be sensitive to the sam-
ple weighting of the data. However, there are two types of weighting 

that occur in our models: kernel weights and sample weights. Kernel 
weights either weight each observation within the bandwidth equally, 
known as uniform weighting, or weight observations further away 
from the cutoff less using various formulas.66 Sample weights reflect 
the probability that any individual selected participates in the survey. 
We include sample weights multiplied by uniform weights.

A number of additional issues arise in our analysis. The first is the 
discrete nature of the assignment variable. When the assignment vari-
able is measured discretely, it is impossible to compute averages of arbi-
trarily small neighborhoods around the cutoff, producing an “irreducible 
gap” between the control group below the cutoff and the treatment 
group above the cutoff.67 In this situation, a causal effect can only be 
identified via functional form assumptions. We take this approach.

This issue impacts questions of bandwidth size and the appropri-
ate degree of polynomial to employ. Regression discontinuity models 
suffer from a bias-variance trade-off. Wide bandwidths include more 
data points resulting in lower variance, but can induce higher bias 
when estimating nonlinear relationships. In contrast, narrow band-
widths include fewer data points resulting in higher variance, but this 
smaller set of data points reduces bias.

Bias can also be impacted by the degree of polynomial used. 
Gelman and Imbens argue that in many cases, only local linear or 
quadratic polynomials should be used due to the unattractive prop-
erties of higher degree polynomials, these being the sensitivity of re-
sults to the order of the polynomial and the sensitivity of confidence 
intervals to the order the polynomial.68 This suggests that relatively 
short bandwidths can be effectively analyzed using first-degree 
polynomials under the assumption that the discontinuity is assumed 
to be occurring in a consistent functional form (eg, as described by 
Equations (6) and (7) across the pre- and post-periods. This is the 
case as long as there are no significant nonlinearities occurring in 
the bandwidths used that would result in the local or quadratic linear 
regressions performing poorly at the boundary of the discontinuity.

Since we have a discrete assignment variable, we employ local lin-
ear regression and use a bandwidth of moderate length (9 months on 
the left and 9 months on the right of the discontinuity in addition to the 
discontinuity point) to ensure conservative performance at the bound-
aries of the discontinuity. We also incorporate bias correction.63

All estimates are derived using Stata 15 and incorporate robust non-
parametric confidence intervals.63,66,69 In order to use the bias-corrected 
standard errors as an approximation, we must and do have a sufficient 
number of mass points near the cutoff.63,69 All estimates account for the 
probability weighting and clustering of the NHIS, NAMCS, and NHAMCS.

3  | RESULTS

Table 1 presents descriptive statistics. If we adjust these data to 
reflect the total populations represented in each group, these data 
suggest that only 18 percent of individuals with self-reported LBP 
have a medical visit in which LBP was the most important reason 
for the visit (assuming one medical visit per person with LBP [results 
not shown]).

(4)

�F=

lim
x↓x

E[LBPi|Xi=x]− lim
x↑x

E[LBPi|Xi=x]

lim
x↓x

E[PDi|Xi=x]− lim
x↑x

E[PDi|Xi=x]
=E

[
LBPi (1)−LBPi (0) |Xi=x

]
,

(5)
(
Xi, Ti, LBPi,Z

�

i

)�
, i=1, 2,…, n

(6)LBPi=�+Ti�Y+Xi�−+TiXi�++Z
�

i
�

(7)PDi= �̃+Ti��� +Xi �̃−+TiXi �̃++Z
�

i
�̃

(8)�̃F=
�Y

���
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The discontinuity in the prevalence of moderate-to-severe psy-
chological distress is presented in Figure 1, Panel A, using a fifth-de-
gree polynomial to fit the entire series for illustrative purposes. 

There is a discontinuity between December 2001 and January 2002. 
While the actual discontinuity is experienced by individuals between 
October 2001 and November 2001, the discontinuity appears in 

TA B L E  1   Descriptive statistics

NHIS Combined NAMCS and NHAMCS

Before Discontinuity 
(9 months)

After Discontinuity 
(9 months)a 

Before Discontinuity 
(9 months)

After Discontinuity 
(9 months)a 

K6 (moderate-to-severe psychological distress) 0.210 0.168 — —

Self-reported LBP 0.317 0.260 — —

Proportion of medical visits with LBP as primary 
reason

— — 0.011 0.009

Proportion of postoperative medical visits 0.024 0.025

Health insurance 0.847 0.837 0.863 0.867

Age (25-34) 0.185 0.187 0.104 0.107

Age (35-44) 0.219 0.213 0.140 0.132

Age (45-54) 0.187 0.188 0.145 0.148

Age (55-64) 0.118 0.122 0.114 0.118

Age (65+) 0.154 0.154 0.243 0.226

Female 0.518 0.519 0.574 0.588

Black 0.116 0.118 0.099 0.115

Hispanic 0.111 0.115 0.072 0.078

Asian and Pacific Islander 0.034 0.034 0.036 0.034

Other Race 0.036 0.035 0.006 0.006

Region—west 0.239 0.240 0.315 0.249

Region—south 0.454 0.459 0.395 0.458

Family income $15-20 000 0.064 0.061 — —

Family income $20-25 000 0.071 0.073 — —

Family income $25-35 000 0.132 0.130 — —

Family income $35-45 000 0.110 0.110 — —

Family income $45-55 000 0.098 0.092 — —

Family income $55-65 000 0.077 0.077 — —

Family income $65 000+ 0.239 0.247 — —

Employed (working at a job) 0.283 0.284 — —

Associate's degree 0.094 0.094 — —

Bachelor's degree 0.156 0.161 — —

Postgraduate 0.077 0.077 — —

Married (spouse in home) 0.576 0.575 — —

Married (spouse not in home) 0.012 0.012

Divorced 0.129 0.126 — —

Separated 0.024 0.023 — —

Widowed 0.063 0.062 — —

Health status—excellent 0.309 0.305 — —

Health status—very good 0.333 0.321 — —

Health status—good 0.238 0.254 — —

Health status—fair 0.088 0.090 — —

Observations 20 349 20 254 52 993 59 213

aNine months beyond the discontinuity point for a total of 10 months. Note that the northeast of the United States is omitted to avoid including 
victims, first responders, and similar individuals in the sample as these may have physically injured their low back. 
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data with a lag as noted above. Figure 1, Panel B, illustrates the cor-
responding data for LBP and shows a similar discontinuity. Figure 1, 
Panel C, shows medical visits for LBP and shows a discontinuity be-
tween October 2001 and November 2001 as these data are not sub-
ject to a reporting lag. Medical visits for LBP prior to the exogenous 
national event largely mirror the prevalence of health insurance, as 
shown in Figure 1, Panel D, albeit with a smaller amplitude.

Table 2 presents the fuzzy regression discontinuity results using 
a first-degree polynomial with bias correction. Figure 2, Panels A and 
B, illustrates the intervals on either side of the exogenous event for 
the two relevant outcome variables. The estimate of the treatment 

effect, accounting for covariates, shows that every 1 percentage 
point reduction in moderate-to-severe psychological distress re-
duces the prevalence of LBP by 0.85 percentage points (P ≤ .05). The 
first-stage estimate of -0.092 (P ≤ .01) is an approximate one-third 
reduction in the 0.302 prevalence of moderate-to-severe psycho-
logical distress in the month before the discontinuity (Figure 2, Panel 
A). This resulted in a -7.8 percentage point (0.078 = -0.092 × 0.85) 
or approximate one-fifth reduction in the 0.347 prevalence of LBP 
in the month before the discontinuity (Figure 2, Panel B). This reduc-
tion in LBP is equivalent to approximately 2.1 million (P < .01) indi-
viduals (excluding the northeast) no longer experiencing LBP. If we 

Fuzzy RD
Sharp 
RD

Self-reported LBP
Medical 
visits

No Covariates Included

Bins

9 months of observations to the 
left of the cutoff

20 614 20 614 20 614 52 993

9 months of observations to the 
right of the cutoffa 

20 582 20 582 20 582 59 213

First-Stage Estimate of 
Psychological Distress (K6)

(K6 ≥ 4) (K6 ≥ 3) (K6 ≥ 1) —

Coefficient −0.089*** −0.107*** −0.134*** —

Robust bias-corrected standard 
error

0.020 0.021 0.024 —

Treatment effect

Coefficient 0.770** 0.633** 0.460 −0.008**

Robust bias-corrected standard 
error

0.397 0.301 0.268 0.004

Covariates included

Bins

9 months of observations to the 
left of the cutoff

20 349 20 349 20 349 52 993

9 months of observations to the 
right of the cutoffa 

20 254 20 254 20 254 59 213

First-stage Estimate of 
Psychological Distress (K6)

(K6 ≥ 4) (K6 ≥ 3) (K6 ≥ 1) —

Coefficient −0.092*** −0.112*** −0.140*** —

Robust bias-corrected standard 
error

0.019 0.021 0.023 —

Treatment effect

Coefficient 0.850** 0.694*** 0.496** −0.008**

Robust bias-corrected standard 
error

0.361 0.274 0.253 0.004

Note: Estimates of the effect of nonspecific psychological distress on the experience of LBP 
using fuzzy RD models and estimates of a concomitant effect on medical visits for LBP where the 
primary reason for the medical visit was LBP using a sharp RD model.
Abbreviation: RD, regression discontinuity.
**P ≤ .05, ***P ≤ .01.
aNine months beyond the discontinuity point for a total of 10 months. 

TA B L E  2   Impact of exogenous shock 
on reported prevalence of LBP and 
proportion of medical visits for LBP
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reduce the cut-point of moderate-to-severe psychological distress 
to include subclinical levels of psychological distress, the estimated 
impact becomes smaller but remains statistically significant.

A reduction in the proportion of medical visits with LBP as the 
primary complaint of 0.8 percentage points (P ≤ .05) from a baseline 
of 1.3 percent of all medical visits was found between November 
2001 and December 2001, or approximately three-fifths of all 
medical visits with LBP as the primary complaint. This represents 
a monthly reduction of approximately 685 000 (P < .01) visits (ex-
cluding the northeast) relative to those in the month immediately 
preceding the discontinuity.

3.1 | Validity checks

We perform three categories of validity checks. We examine 
whether our models are consistent with the continuity restriction. 
We also examine whether our models are reasonable by subjecting 
them to a large set of placebo tests. Finally, we examine whether a 
test of a closely related alternative outcome yields findings consist-
ent with those of LBP.

To evaluate the continuity restriction assumption, which implies 
that there should be no alternative interpretation for the existence 
of a specific discontinuity in the outcome apart from the hypothesis 
being tested, we examine alternative hypotheses in which a discon-
tinuity would serve as a causal confound. In particular, we focus on 

three major alternative hypotheses for a national decrease in the 
prevalence of LBP, which would also be alternative hypotheses for 
the national decrease in the proportion of medical visits for which 
the reduction in self-reported LBP was the primary reason.

The first alternative hypothesis is a discontinuity in the prev-
alence of health insurance. Any such discontinuity must occur in 
November of 2001 when the recession ended as this variable is not 
subject to a reporting lag. Changes in the prevalence of health insur-
ance would mean changes in the proportion of people being treated 
for their health problems, including successfully treating episodes of 
LBP. Both Panel D of Figure 1 and the results of a sharp regression 
discontinuity model show that no discontinuity is present, resulting 
in a rejection of this alternative hypothesis [regression results not 
shown].

A second alternative hypothesis is a discontinuity in employment 
rates. Such a discontinuity must occur at the same time as the end of 
2001 recession as this variable is not subject to a reporting lag. Such 
a discontinuity would show that more individuals became employed, 
possibly resulting in both better health and less LBP as their daily 
activities changed. Note that we do not use the economic definition 
of unemployment, but rather use the simple proportion of the adult 
population that was employed, a more appropriate measure in this 
context. Figure 3, Panel A, illustrates and a sharp regression discon-
tinuity model shows that no discontinuity is present in employment, 
resulting in a rejection of this alternative hypothesis [regression re-
sults not shown].

F I G U R E  2   Panel A: prevalence of moderate-to-severe psychological distress (NHIS). Panel B: prevalence of low-back pain (NHIS). Panel 
C: proportion of medical visits with LBP as primary reason (combined NAMCS and NHAMCS). All panels show monthly data with 95% 
confidence intervals [Color figure can be viewed at wileyonlinelibrary.com]

F I G U R E  3   Panel A: prevalence of employment (NHIS). Panel B: prevalence of injury/poisoning (NHIS). Both using monthly data (January 
1998 – December 2004) with 95% confidence intervals [Color figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
www.wileyonlinelibrary.com
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A third alternative hypothesis is a discontinuity in the rate of in-
juries/poisoning during the last three months, which could impact 
LBP. This discontinuity must occur in the data at the same time as 
LBP as this variable is subject to the same lag as LBP. Figure 3, Panel 
B, illustrates and a sharp regression discontinuity model shows that 
no discontinuity is present, resulting in a rejection of this alternative 
hypothesis [regression results not shown]. Note, that there is a clear 
discontinuity between January 2002 and February 2002, but this is 
not a concomitant discontinuity and is thus moot.

An additional category of validity checks is placebo tests that 
examine whether variables which would not be expected to exhibit 
a discontinuity actually do exhibit a discontinuity during the rele-
vant time periods, indicating a problem with the model. Sharp re-
gression discontinuity models conducted with each covariate as the 
dependent variables find no statistically significant discontinuities 
occurring during the relevant time periods [regression results not 
shown]. A final placebo test is whether medical visits that include an 
evaluation of pain that is objectively tied to surgical intervention—
postoperative medical visits—exhibited a discontinuity during this 
time period. A sharp regression model finds no evidence of such a 
discontinuity [regression results not shown].

We conducted a final validity check to examine whether the 
prevalence of neck pain, another part of the spine, was also reduced 
in response to the reduction in the prevalence of psychological dis-
tress. We expect and find, using a fuzzy regression model identical 
to the model used for the main results, that the prevalence of neck 
pain is reduced [regression results not shown].

4  | DISCUSSION

This is the first study, to our knowledge, to examine the hypothesis 
that an exogenous reduction in the prevalence of moderate-to-se-
vere psychological distress will induce a reduction in the prevalence 
of LBP. There are three major findings. First, only a fraction of indi-
viduals with LBP access medical services where LBP is the primary 
reason for the medical visit, consistent with previous findings.70,71 
Second, we find that the prevalence of self-reported LBP drops ap-
proximately 0.85 percentage points for every 1 percentage point 
reduction in the prevalence of moderate-to-severe psychological 
distress. Third, there was a concomitant reduction of approximately 
three-fifths of medical visits where LBP was the primary complaint.

It is notable that these findings are consistent with the well-known 
finding that as much as 85 percent of primary care patients with LBP 
have LBP that can be classified as nonspecific (no known pathoana-
tomical cause).72,73 While our findings do not imply that all nonspecific 
LBP is rooted in psychological distress, as we do not know if our find-
ings would be maintained for additional reductions in psychological 
distress, our findings do imply that approximately 85 percent of the 
observed reduction in LBP may be rooted in nonspecific psychological 
distress. Since LBP was reduced by approximately one-fifth, this sug-
gests that, at minimum, approximately 17 percent (0.17 = 0.20 × 0.85) 
of self-reported LBP may be rooted in psychological distress.

These findings have significant implications for health care pro-
viders, specifically, to what degree might interventions for psycho-
logical distress (primarily mood and anxiety conditions) mimic the 
findings presented here? Note that such interventions may include, 
but would not necessarily be limited to, interventions focused spe-
cifically on LBP.74-76 Potential interventions for LBP worth investi-
gating may include those that focus generally on alleviating mood 
and anxiety conditions, which are the conditions primarily picked 
up by the measure of psychological distress used in this study.77 If 
the findings of our study are accurate, such interventions, which 
have moderate effect sizes, may have a larger impact on LBP than 
psychological interventions focused specifically on LBP. While such 
interventions may not approach the size of the effect found in this 
study, such interventions may be highly appropriate for individuals 
whose LBP may be rooted in the neurobiological changes induced by 
psychological distress.

4.1 | Limitations

This study is subject to at least three limitations. The first is that our 
finding of a concomitant three-fifths reduction in medical visits with 
LBP as the primary complaint is only an association. Our methodol-
ogy does not allow us to draw a causal inference from this finding. A 
second limitation is that while the natural experiment exploited here 
allowed us to determine the overall size of the impact of a reduc-
tion in the prevalence of psychological distress on the prevalence of 
reported low-back pain, there is likely subgroup variation not cap-
tured in our analysis. A third limitation is that this paper does not 
discuss other relevant treatments for LBP, including exercise and 
treatments that impact adaptive factors such as self-efficacy and 
positive coping.78,79

5  | CONCLUSIONS

The finding that an exogenous national reduction in the prevalence 
of moderate-to-severe psychological distress resulted in 2.1 million 
people (on a monthly basis) no longer having LBP suggests that a 
minimum of 17 percent of all LBP may be rooted in psychological 
distress. This is consistent with current neurobiological literature on 
the relationship between psychological distress and pain. The con-
comitant reduction in medical visits with a primary complaint of LBP 
of 685 000 per month suggests that this phenomenon may have an 
important impact on health care utilization. Investigation of whether 
clinical interventions aimed at reducing general mood/anxiety con-
ditions in persons with LBP may have similar effects is warranted, 
even if such effects do not approach the same magnitude of the ef-
fect measured here.
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