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[ Abstract] Dose-response Meta-analysis (DRMA) is a type of Meta-analysis based on
multiple original studies that provide data on dose-response relationships and quantitatively
combine their dose-response results to produce a comprehensive dose-response line or curve,
which is widely used in evidence-based evidence generation and clinical decision-making. The
reliability of published DRMA results and the quality of articles vary, and there is no uniform
reporting standard for DRMA in the international arena. This study systematically review the
nature of DRMA, statistical methods of each step and common statistical analysis problems, in
order to improve the overall understanding of DRMA from a statistical perspective and lay a

certain theoretical foundation for improving the overall quality of DRMA in China.

[Keywords ] Dose response; Meta-analysis; Statistical methods; Dose value;
Nonlinearity; Restricted cubic splines
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Table 1. Determination of dose value in SCI of dose-response Meta—analysis published in 2017
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Table 2. Selection of number of common different nodes and their corresponding percentile

T A HAE (%)

3 10 50 90

4 5 35 65 95

5 5 275 50 72.5 95

6 5 23 41 59 77 95

7 2.5 18.33 34.17 50 65.83 81.67 97.5

R3 2017EERNFIER MMeta® trSCIH R Hl 1T FHEERT S5

Table 3. Number of restricted cubic spline in SCI by dose-response Meta—analysis published in 2017

Llsyiesil T Bt ditl (%)
5th, 35th, 65th and 95th percentiles 9 19.15
25th, 50th and 75th percentiles R 6.38
10th, 50th and 90th percentiles 32 68.09
5th, 50th and 95th percentiles 1 2.13
Ist, 25th, 50th, 75th and 99th percentiles 1 2.13
10th, 60th and 90th percentiles 1 2.13

http://whuznmedj.com



HIBEZ

R 2023 FE2 AFE 36 EFE 2/ Feb. 2023, Vol. 36, No.2 85

Tk, WAREE G Im IR SE bR R,
BBl T A A R R S
3.3 SFitothik &L REN A
HHT, DRMA S48 F 3 240 4E Stata, R Al
SAS b5, BIEE P FAACY Al P SR
S gl I S| R T DRMA & A0 BRI 7 B IR 1
BB R AR RS A R Y kR
P S Meta 0TS S BAEHONWIFEHR
DRMA &4t T HZHE . [k 3 Rk 1T DRMA
IF 4% 5 R S5 R 45 o Stata BREE B4 LT 147 24,
Rtz R, "I45G AR, HARGH
MUATERAEVE . R 2 —3 A R, aph e
HZ, Bk, BUEHIVETHEL Stata ARG,
EIHE S R K. SAS B AF it DRMA H 5 245 /b
ISR RES BT A AT g R, (HHR REET
RSN, DA RIEHANS , #A e —
G LES o s T O B e e g v L S TRV o 7
PR, DAR B ERAEROR .

4 EHBDRMARA R KT KHIRE

DRMA #8421 I & Jre 2 4 2 30 R4,
RUEBRIE o5t , (HHE0T ik LAMEEAR
JEZ AR He— DRMA XP8d se 8 vk 2R A,
W AN G B RS R S Rl R A ), &
W TR AR, LAEEIX Sefh 34 R e B 75
SRR GE J = A B g s 1 H T Mg
FERE ) DRMA R 1E vk, —J7 il {45 ag
PEWFIE Meta S0 WA IE s, (Rl IA 7 B AR 4
S WA 5 f 1) N A ey . B I BRI ok
(1) BN Al P2 0 52 B s DA A S 58 4 25 4 o Al iy A P
XX P H =, DRMA HET AT BT
For I 55 R 20 3 B b A S 2R R A sS BAE AL

TS L BB & B DRMA 8 30X
PRISMA FI AMSTAR (F) AR PR AT R AR, 4%
RAE G2 AR AN AL 5 FRAER 2
it 0 S5 0 B AR SCRNE ST P & A DRMA
e R i A RE s . E AT PR - esE—
) DRMA fiz 5 75, JEF DRMA Sit ot &
Zetk, — T A U SR 0 E A
EI/E# 1 DRMA fiR i/, 5 /MR 23y
O F R RN AR, SR DRMA 7648
T I7k B R H I B PR ge — e, 48
1= DRMA [P A4 15

http://whuznmedj.com

HAEEHXS

S 30k

1

Tate, il $78 , 55 Gl - SOV Meta 73472 2k
PEIC R Ky BERAE AR A T (0], b g e R~
Z%75, 2016, 16(1): 111-114. [Yu YX, Zhang C, Weng H, et
al. How to conduct dose—-response meta—analysis by using
linear relation and piecewise linear regression model[J].
Chinese Journal of Evidence—Based Medicine, 2016, 16(1):
111-114.] DOI: 10.7507/1672-2531.20160020.

TRl sROKNI, #6507, A . Rl - ROV IKEHR Meta 53
BRI 2 M A [0 EAEIIE B2 44 | 2015, 15(10):
1236-1239. [Xu C, Zhang YG, Han FF, et al. How to
perform dose—response meta—analysis: a brief introduction
of methodology[J]. Chinese Journal of Evidence—Based
Medicine, 2015, 15(10): 1236-1239.] DOI: 10.7507/1672-
2531.20150204.

Orsini N, Li R, Wolk A, et al. Meta—analysis for linear and
nonlinear dose—response relations: examples, an evaluation
of approximations, and software[J]. Am J Epidemiol, 2012,
175(1): 66=73. DOI: 10.1093/aje/kwr265.

KTWE, win, BRI, IR RS
WA /Meta 3 M F - 5 09 LS B HT (J]. B2 2 80
H o, 2022, 32(2): 90-98. [Mi ZS, Gao J, Li HY, et al.
Comparison and application of clinical practice guidlines
and system review/Meta—analysis registration platforms[J].
New Medicine, 2022, 32(2): 90-98.] DOI: 10.12173/j.issn.
1004-5511.202201029.

TifE, XBE, BT . RGNS Meta S0 HTRYTE
W5 B/ A (0] B K 2= 4 (B 24 R]), 2019, 40(3):
380-387. [Fang C, Deng W, Fan JC, et al. Platforms for
systematic review and meta—analysis registration:a briefly
introduction[J]. Journal of Tongji University (Medical
Science), 2019, 40(3): 380-387.] DOI: 10.16118/j.1008 —
0392.2019.03.022.

Xu C, Cheng LL, Liu Y, et al. Protocol registration or
development may benefit the design, conduct and reporting
of dose—response meta—analysis: empirical evidence from a
literature survey[J]. BMC Med Res Methodol, 2019, 19(1):
78. DOI: 10.1186/512874-019-0715-y.

Jiang Q, Liu Q, Chen F, et al. Reporting quality and
statistical analysis of published dose-response meta—
analyses was suboptimal: a cross—sectional literature
survey[J]. J Clin Epidemiol, 2019, 115: 133-140. DOI:
10.1016/j.jclinepi.2019.07.008.


https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMwMTEyEg96Z3h6eXgyMDE2MDEwMjAaCHU5dW52a3dm
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMwMTEyEg96Z3h6eXgyMDE1MTAwMjAaCGEzdHI1cWpn
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMwMTEyEg96Z3h6eXgyMDE1MTAwMjAaCGEzdHI1cWpn
https://pubmed.ncbi.nlm.nih.gov/22135359/
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMwMTEyEg95eHh6enoyMDIyMDIwMDIaCGl0eWt2d2Nh
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMwMTEyEg95eHh6enoyMDIyMDIwMDIaCGl0eWt2d2Nh
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMwMTEyEhFzaHRkZHh4YjIwMTkwMzAyMxoIemQyNms3ZWE%3D
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMwMTEyEhFzaHRkZHh4YjIwMTkwMzAyMxoIemQyNms3ZWE%3D
https://pubmed.ncbi.nlm.nih.gov/30975073/
https://pubmed.ncbi.nlm.nih.gov/31326542/

10

11

12

15

17

86 HIBEEZ

R 2023 F£2 A5 36 &5 2 #§ Feb. 2023, Vol. 36, No.2

Aune D, Saugstad OD, Henriksen T, et al. Maternal body
mass index and the risk of fetal death, stillbirth, and infant
death: a systematic review and meta—analysis[J]. JAMA,
2014, 311(15): 1536-1546. DOI: 10.1001/jama.2014.
2269.

Liu TZ, Xu C, Rota M, et al., Sleep duration and risk of
all-cause mortality: a flexible, non-linear, meta—regression
of 40 prospective cohort studies[J]. Sleep Med Rev, 2017,
32:28-36. DOI: 10.1016/j.smrv.2016.02.005.

Hamling J, Lee P, Weitkunat R, et al. Facilitating meta—
analyses by deriving relative effect and precision estimates
for alternative comparisons from a set of estimates
presented by exposure level or disease category[J]. Stat
Med, 2008, 27(7): 954-970. DOI: 10.1002/sim.3013.
JARL, SRS, SR A5 AR 20 250 i R SR
Meta 5301 P AR AT 5E 2 B ZH e 46 K 0 S BE (0], AU
2%, 2016, 16(1): 60-64. [Zhou Q, Guo P, Zhong GC, et
al. Transforming the reference group of discrete correlated
data in original study of dose— response meta—analysis[J].
The Journal of Evidence—Based Medicine, 2016, 16(1):
60—64.]1 DOT: 10.12019/j.issn.1671-5144.2016.01.015.
g, KRR , B, 55 .l - SV Meta S5 B A
T el S AR B8 3 Ak K B0, 8 B ) 5 45 (1), b AR IE
EEZ4 R , 2015, 15(8): 984-987. [Xu C, Liu TZ, Kuang
XY, et al. How to estimate the missing data and transform
the eff ect measure in dose—response meta—analysis[J].
Chinese Journal of Evidence—Based Medicine, 2015, 15(8):
984-987.] DOI: 10.7507/1672-2531.20150164.

Altman DG, Bland JM. How to obtain the P value from
a confidence interval[J]. BMJ, 2011, 343: d2304. DOI:
10.1136/bmj.d2304.

A, . AT L8R 6 (M), dbat: AR
A L 2018.

Orsini N. From floated to conventional confidence intervals
for the relative risks based on published dose-response
data[J]. Comput Methods Programs Biomed, 2010, 98(1):
90-93. DOI: 10.1016/j.cmpb.2009.11.005.

Xu C, Kwong JS, Zhang C. The use of piecewise linear
spline function on dose-response meta—analysis[J].
Ann Transl Med, 2016, 4(19): 389. DOI: 10.21037/
atm.2016.09.28.

Higgins JP, Thompson SG, Deeks JJ, et al. Measuring
inconsistency in meta—analyses[J]. BMJ, 2003, 327(7414):

19

20

21

22

23

24

25

557-560. DOI: 10.1136/bmj.327.7414.557.

DerSimonian R, Laird N. Meta—analysis in clinical
trials[J]. Control Clin Trials, 1986, 7(3): 177-188. DOI:
10.1016/0197-2456(86)90046-2.

WHIL, B, FI, 5 R ER Meta 7347
BRSNS T AR (7). o ERIF 2 22 243k | 2016,
16(2): 223-228. [Huang YB, Li WQ, Xi B, et al. Model
selection and statistical process of meta—analysis of dose—
response data[J]. Chinese Journal of Evidence-Based
Medicine, 2016, 16(2): 223-228.] DOI: 10.7507/1672-
2531.20160035.

SO, Wl BT, SF LRI - OV Meta 3 B
Z P A (5] AL A3 4SS R ) 152 (0. v e A0 i R 2
Z& i, 2017, 17(5): 616-620. [Zhang C, Gao ZY, Huang
JY, et al. The application of two random— effect models
for dose-response meta— analysis[J]. Chinese Journal of
Evidence-Based Medicine, 2017, 17(5): 616-620.] DOI:
10.7507/1672-2531.201703042.

WO, WK, 2, F L RIE - U Meta S3 BT 2
BIR ] 1 57,07 o 4 R LT (D). +h B E R 2 A
2015, 15(12): 1471-1474. [Huang JY, Zhang C, Li S, et
al. How to conduct a dose—-response meta—analysis: the
use of restricted cubic spline model[J]. Chinese Journal
of Evidence—Based Medicine, 2015, 15(12): 1471-1474.]
DOLI: 10.7507/1672-2531.20150239.

Xu G, Zhang C, Kwong JS. Be care the risk of under fit in
dose—response meta—analysis when using cubic spline[J].
Ann Transl Med, 2016, 4(19): 388. DOI: 10.21037/
atm.2016.09.27.

BRI, M, XIngE , 55 ARV C R Meta 7
BT 7 Stata B PF H A 52 BE [T A UE B< 5, 2014, 14(03):
182-187. [Luo ML, Lin XJ, Liu RC, et al. Realizing the
dose response meta analysis in stata software[J]. The
Journal of Evidence-Based Medicine, 2014, 14(3): 182—-
187.] DOI: 10.3969/}.issn.1671-5144.2014.03.012.

JARL, 255, BRI, 5 RN KR Meta 73 Hr
1 R FAF i 92 3 (0], B BT B2 57 | 2015, 42(5):
789-794. [Zhou Q, Li H, Luo ML, et al. Implementation
of dose— response for meta— —analysis in R software[]].
Modern Preventive Medicine, 2015, 42(5): 789-794.]
https://d.wanfangdata.com.cn/periodical/xdyfyx201505007.
JARC, B 3¥s, Eo, & N SAS BRI A4 S
Ak SR 5G AR Meta 53 #7 [J). 6 UE B< 5%, 2015, 15(1):

http://whuznmedj.com


https://pubmed.ncbi.nlm.nih.gov/24737366/
https://pubmed.ncbi.nlm.nih.gov/24737366/
https://pubmed.ncbi.nlm.nih.gov/27067616/
https://pubmed.ncbi.nlm.nih.gov/17676579/
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMwMTEyEg14enl4MjAxNjAxMDE1GggxNWp5Zmw2ag%3D%3D
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMwMTEyEg96Z3h6eXgyMDE1MDgwMTkaCDNzNzkzdnZr
https://pubmed.ncbi.nlm.nih.gov/22803193/
https://pubmed.ncbi.nlm.nih.gov/19959250/
https://pubmed.ncbi.nlm.nih.gov/27826590/
https://pubmed.ncbi.nlm.nih.gov/27826590/
https://pubmed.ncbi.nlm.nih.gov/12958120/
https://pubmed.ncbi.nlm.nih.gov/3802833/
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMwMTEyEg96Z3h6eXgyMDE2MDIwMTQaCG0yc3Z1a2Fi
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMwMTEyEg96Z3h6eXgyMDE2MDIwMTQaCG0yc3Z1a2Fi
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMwMTEyEg96Z3h6eXgyMDE3MDUwMjEaCGNuazg1eXoy
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMwMTEyEg96Z3h6eXgyMDE1MTIwMTYaCDFmYWJ1NXJu
https://pubmed.ncbi.nlm.nih.gov/27826589/
https://pubmed.ncbi.nlm.nih.gov/27826589/
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMwMTEyEg14enl4MjAxNDAzMDEyGgh3Ymd2c3N5MQ%3D%3D
https://d.wanfangdata.com.cn/periodical/xdyfyx201505007

HIBEZAFHRE 2023 FE2 A¥ 36 5% 28 Feb. 2023, Vol. 36, No.2 87

26

27

28

29

30

31

54-59. [Zhou Q, Luo ML, Wang M, et al. Application of
SAS software macro for realizing the dose response meta—
analysis[J]. The Journal of Evidence-Based Medicine,
2015, 15(1): 54-59.] DOI: 10.3969/j.issn.1671-5144.
2015.01.015.

Tl B SO A5 T R KD dosresmeta FEIF
£ mvmeta B2 ELSE B - SO AR Meta 73477 ()],
FEIEIERE %23 | 2015, 15(4): 479-483. [Xu C, Zeng
XT, Zhang C, et al. Performing meta—analysis of dose—
response data using dosresmeta and mvmeta packages in
R [J]. Chinese Journal of Evidence-Based Medicine, 2015.
15(4): 479-483.]1 DOI: 10.7507/1672-2531.20150079.
SRS, TR, AL, 2RI - KON Meta 23 B Z 4K
P59 15 [0, H AR IE I 2 24 i, 2016, 16(3): 363-
368. [Guo P, Xu C, Zhou Q, et al. How to conduct dose—
response meta— analysis: the application of software[]].
Chinese Journal of Evidence—Based Medicine, 2016. 16(3):
363-368.] DOI: 10.7507/1672-2531.20160056.

W e . 4 . W STATA {5 Meta 2341 (265 Wit ) [M].
Jemt: i EPAER R R |, 2017

KRR, T SRR 5 (5 =) (M.
JE5T: R A A 2021

Xu C, Zhang C, Wang XL, et al. Self-fluid management
in prevention of kidney stones: a PRISMA—compliant
systematic review and dose-response meta—analysis of
observational studies[J]. Medicine (Baltimore), 2015,
94(27): €1042. DOI: 10.1097/MD.0000000000001042.
iy, SR, TBOF, A5 . Tl - OV Meta 5301 R 51
ZARREHL R 22 T B i Ay A9 A0 B D595 (). R IE 2R
27 2= 3k, 2016, 16(4): 488-491. [Xu C, Zhang C, Kuang

XY, et al. How to conduct dose-response meta—analysis:

33

34

method of adjustment of non-randomized error{J]. Chinese
Journal of Evidence-Based Medicine, 2016, 16(4): 488-
491.] DOI: 10.7507/1672-2531.20160075.

SKRAERR , RET  fRig , 4 SU TR R -
I Meta 73 A7 77 2k 2 Jo i R AT o Jo 8 BOAR (0], A A
JE O ML 45 BE 24 2% 56, 2017, 9(11): 1300-1304. [Zhang
WX, Xiong Y, Xu C, et al. Methodological and reporting
quality of dose-response meta—analyses published in
Chinese journals[J]. Chinese Journal of Evidence—Based
Cardiovascular Medicine, 2017, 9(11): 1300-1304.] DOI:
10.3969/jissn.1674— 4055.2017.11.04.

Xu C, Liu Y, Jia PL, et al. The methodological quality
of dose—response meta—analyses needed substantial
improvement: a cross—sectional survey and proposed
recommendations[J]. J Clin Epidemiol, 2019, 107: 1-11.
DOLI: 10.1016/j.jclinepi.2018.11.007.

Xu C, Liu TZ, Jia PL, et al. Improving the quality of
reporting of systematic reviews of dose—response meta—
analyses: a cross—sectional survey[J]. BMC Med Res
Methodol, 2018, 18(1): 157. DOT: 10.1186/512874-018-
0623-6.

& , SUHAIL A.R.DOL, 5Kl , 5 . 5k - S Meta
TR R (SRR P EEIEEE 2K | 2016,
16(10): 1221-1226. [Xu C, SUHAIL A.R.DOI, Zhang C,
et al. Proposed Reporting Guideline for Dose-response
Meta—analysis (Chinese Edition) [J]. Chinese Journal of
Evidence—Based Medicine, 2016, 16(10): 1221-1226.]
DOI: 10.7507/1672- 2531.20160185.

Wk F 0. 2022 4F 12 A 23 B & H . 2023 4201 H 14 H
ARG 2 M # O

FURARSC: #7575, FILEL, B, S8 RN Meta W T # WLAG ST ()], B 25277435, 2023, 36(2): 81-87. DOL:
10.12173/}.issn.1004-5511.202212019
Jiang QQ, Wang SQ, Huang S, et al. Common statistical problems in dose—response Meta—analysis[J]. Journal of Mathematical

Medicine, 2023, 36(2): 81-87. DOI: 10.12173/j.issn.1004-5511.202212019

http://whuznmedj.com


https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMwMTEyEg14enl4MjAxNTAxMDE1Ggg3ZzV2dGE1cg%3D%3D
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMwMTEyEg14enl4MjAxNTAxMDE1Ggg3ZzV2dGE1cg%3D%3D
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMwMTEyEg96Z3h6eXgyMDE1MDQwMTcaCDc1c3BuOGc1
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMwMTEyEg96Z3h6eXgyMDE2MDMwMTcaCG5iMWsxczNu
https://pubmed.ncbi.nlm.nih.gov/26166074/
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMwMTEyEg96Z3h6eXgyMDE2MDQwMTgaCGtyaHRseHI3
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMwMTEyEhR6Z3h6eHhneXh6ejIwMTcxMTAwNBoIY3J6Z3YzZ3g%3D
https://pubmed.ncbi.nlm.nih.gov/30445166/
https://pubmed.ncbi.nlm.nih.gov/30497389/
https://pubmed.ncbi.nlm.nih.gov/30497389/
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMwMTEyEg96Z3h6eXgyMDE2MTAwMTYaCDFuMTJiYmNm

