
Page 1 of 2

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2016;4(19):389atm.amegroups.com

Letter to the Editor

The use of piecewise linear spline function on dose-response 
meta-analysis

Chang Xu1, Joey S. W. Kwong2, Chao Zhang3

1Department of Urology, Zhongnan Hospital of Wuhan University, Wuhan University, Wuhan 430030, China; 2Chinese Evidence-Based Medicine 

Center and Chinese Cochrane Center, West China Hospital, Sichuan University, Chengdu 610041, China; 3Center for Evidence-based Medicine and 

Clinical Research, Taihe Hospital, Hubei University of Medicine, Shiyan 442000, China

Correspondence to: Dr. Chang Xu. Department of Urology, Zhongnan Hospital of Wuhan University, Wuhan University, Wuhan 430030, China. 

Email: xuchang1222@126.com.

Submitted Jul 28, 2016. Accepted for publication Aug 02, 2016.

doi: 10.21037/atm.2016.09.28

View this article at: http://dx.doi.org/10.21037/atm.2016.09.28

Does-response meta-analysis is widely used in observational-
based meta-analysis since proposed by Greenland et al. (1-4). 
The method works well in most of the situation, especially 
for the nonlinear trend approximating. Our argument is 
the linear slope insert within the function: by setting the 
parameters of quadratic and cubic term as zero. Linear 
relationship usually acts as main analysis when non-linear 
trend is non-significant or as additional analysis when non-
linear trend is significant. Actually, only part of the linear 
slopes fit well (5). For J-shaped, U-shaped, S-shaped, and 
V-shaped curves, the linear slope fit bad since these slopes 
differ across pieces. We introduce a piecewise linear spline 
function that may be a solution for this issue (5,6). We 
assume log relative risks (LogRR) as dependent variable 
and exposure (X) as independent variable. Then a piecewise 
linear regression can be established as X against LogRR, 
with K indicates the cut points (knots) of the slopes. 

If we take two knots as 30th, 60th of the distribution, 
which divide the function into three linear segments: 0th–
30th; 30th–60th; 60th–100th.

In the Stata/SE 12.0 (Stata Corp., College Station, 
Texas, USA) software, mkspline procedure can be used 
to finish this work. Both one-step and two-step methods 
are available. Two-step method is recommended as it can 
reflect the heterogeneity across studies: first, estimating 
the coefficients of each segments of per unit increment of 
exposure within each study by mkspline procedure. Then 
summarizing the regression coefficients by random or fixed 
-effect model to produce a “mean” piecewise function. 

We take the meta-analysis as an example which investigates 

the relationship between sleep duration and risk of all-cause 
mortality (data can be obtained from the corresponding 
author) (6). It is worth to note that sleep duration trend to be 
U-shaped association to health problems (7,8).

When fit with previous model (glst) by linear (1), we 
obtain the coefficient as 1.04 (95% CI: 1.02–1.06), which 
indicate that longer sleep duration is associated with higher 
risk of all-cause mortality; accordingly, the shorter one 
sleep, the lower risk he will be. This conclusion is obviously 
problematic. The correct way is to establish a piecewise 
linear slope (Figures S1-S3). With 1 knot (7 hours), we 
obtain two pieces of the slope: the coefficient at the left 
side of 7 hours is (−1.07; 95% CI: −1.03 to −1.11) and the 
coefficient of the right side of 7 hours is (1.12; 95% CI: 
1.09–1.15), which suggest that, for those people who sleep 
less than 7 hours, shorter sleep duration is associated higher 
risk of all-cause mortality; while for people with more than 
7 hours, longer sleep duration is also higher risk of all-cause 
mortality (6) (Figure S1).

A simple method can be used to choose when to 
use linear model and piecewise one: the R2 comes with 
Mkspline. When we set the cut point on the lowest dose (or 
highest), then there is only one piece (between the lowest 
to the highest distribution) with the slope since the other 
one (from zero to the lowest or from the highest to highest) 
is defaulted to be omitted (Figure S2). By comparing the 
adjusted R2 between them we can get a more reasonable 
choice (9).

From the example, it is not hard to find that previous 
linear model may lead to incorrect conclusion. Actually, such 
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incorrect use do occurred in published meta-analysis (10).  
In our opinion, the results of simple linear model should be 
treated with caution while piecewise linear model method 
should be widely considered in further dose-response meta-
analysis. 
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Supplementary

Stata code for piecewise model (one step 
method) 

encode study, gen(studynum)
gen double logrr=log(adjrr)
gen double logub=log(ub)
gen double loglb=log(lb)
gen double se=(logub-loglb)/(2*invnormal(0.975))
mkspline linsp_dose1 7 linsp_dose2 = dose
reg logrr linsp*
lincom linsp_dose1*-1, eform
lincom linsp_dose2*1, eform

Stata code for simple linear model

encode study , gen(studynum)
gen double logrr=log(adjrr)
gen double logub=log(ub)
gen double loglb=log(lb)

gen double se=(logub-loglb)/(2*invnormal(0.975))
glst logrr dose , se(se) cov(n case) pfirst(id studynum) ts(r)
lincom dose*1 , eform

Additional analysis

In our example, for the piecewise linear model, we got 
adjusted R2 as 0.32. The results of piecewise linear model 
with the cut point of 7 hours were showed below (Figure S1).

We can set the cut point as the lowest dose (4 hours) to 
test the adjusted R2 of simple linear model. As we can see 
that is omitted by the procedure and slope represents the 
slope of whole distribution (simple linear). The adjusted R2 
is 0.12, therefore, it is more reasonable to use the piecewise 
linear model here (Figure S2). The results show a wild 
different with the glst procedure (1.02 vs. 1.04), may be 
due to the procedure itself and a random effect model the 
former used but current one does not.

Figure S1 Piecewise linear model with the cut point of 7 hours.

. mkspline linsp_dose1 7 linsp_dose2 = dose

. reg logrr linsp*

Source SS df MS Number of obs = 157

F(2, 154) = 37.3

Model 2.29386978 2 1.14693489 Prob > F = 0

Residual 4.73515286 154 0.030747746 R-squared = 0.3263

Total 7.02902264 156 0.045057837 Adj R-squared =
0.3176

0.17535

logrr Coef. Std. Err. t P>t [95% Conf. Interval]

linsp_dose1 −0.070777 0.0181395 -3.9 0 −0.106611 −0.0349421

linsp_dose2 0.1120911 0.0129955 8.63 0 0.0864186 0.1377635

_cons 0.4725532 0.1117187 4.23 0 0.2518542 0.6932522



Figure S2 Results with the cut point of 4 hours.

. mkspline linsp_dose1 4 linsp_dose2 = dose

. reg logrr linsp*

note: linsp_dose1 omitted because of collinearity

Source SS df MS Number of obs = 157

F(1, 155) = 22.49

Model 0.89051538 1 0.890515382 Prob > F = 0

Residual 6.13850726 155 0.039603273 R-squared = 0.1267

Total 7.02902264 156 0.045057837
Adj R-squared = 0.1211

Root MSE = 0.19901

logrr Coef. Std. Err. t P>t [95% Conf. Interval]

linsp_dos1 0 (omitted)

linsp_dos2 0.040644 0.0085712 4.74 0 0.0237126 0.0575755

_cons −0.012427 0.0329592 −0.38 0.707 −0.077534 0.0526802

Figure S3 The dose-response curve between sleep duration and 
risk of all-cause mortality with the cut point of 7 hours.
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