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[Abstract] Objective Explore the implementation of generalized estimation
equations (GEE) and mixed linear models (MLM) in longitudinal data analysis using Python
software, and expand its application in statistical analysis. Methods GEE and MLM were
constructed by Python software to explore the impact of PM,; on lung function (forced
expiratory volume inlsecond, FEV1) with an example of environmental epidemiology, and
compared with the results of R software. Results With PM, ; increases of 1 pg/m’, the FEV1
of the subjects decreased by 8 mL after 2 days. Python software can use a statsmodels library to
analyze MLM and GEE, and the program language is concise, the program logic has a certain
similarity when compared with R, the calculation results of parameter estimation and confidence
interval are almost the same, and the Python result is reliable. Conclusion Python software can

flexibly construct MLM and GEE, which has a certain reference value in practical research.
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Table 1. Data of particulate matter, meteorology and research objects in ten consecutive days

] BMI ( kg/m®) M (C) 1B (%rh) PM,; (pg/m’) FEV1 (L)
R 16.71 21.92 61.75 8.17 3.25
R 16.71 22.32 66.64 11.83 3.01
3R 16.71 23.51 70.17 19.09 3.43
AR 16.71 22.62 72.16 39.11 3.14
EAPN 16.71 2221 73.45 21.05 3.14
6K 16.71 22.83 72.29 38.50 3.08
IR 16.71 23.85 65.12 27.38 3.26
EASR 16.71 23.01 61.88 34.00 2.86
oK 16.71 21.88 61.65 25.58 3.38
10K 16.71 21.61 62.07 20.67 3.06

E: BMI: WRREH64; FEV1. F18 A AFA 5 A (forced expiratory volume in one second )

http://www.jnewmed.com



EZFFH 2022 £ 10 A& 32 55 5 # New Medicine, Oct. 2022, Vol. 32, No.5 335

ALY, 5 X R RBOCR, BEHEE R A
FEZEALTILRIER: ORAS SR IES 0,
BlEFE PRELE P identify; QRAE & IR — 014340,
HEFE PRBCETE logit; GRS GIRMIAFA S, i
FEPRBIGERE log; @R R IR —T5050 1, 4%
PR negativebinomial ,

(2) Var(Yij) =v(Wy) * ¢, jzavA Y (5 22 54
{ELME] ) BRECC FR

(3) Ry(a) 52 Y, IIPEMLAHOCHE RS, o RIS
S YR A A TR A A DGR RN, ARk AR G
FEMEARE LU N ILRIE L O] 3efe, XFRSEAE,
BT 2 P AN (] s ] P8 ORI P ) A DG 2 A S5 1 5
QAHERFADE, BRI AH LB [a] A% 795 il (i 2 a]
FAMME; @A, RIS RIFRREE C,
FHBR AR, OGO FRBUN ;. OANHA 2 BUAR G,
BUAH JCHE MR XS M4k e R ARG @MhT,
R PR AR f 2 AR AR G

F 4 Liang Fl Zeger [/ 5E L, ¥ W T GEE
B

S 0) =) (3a) Vi )61 — ) =0

VY, T, V= eA PRi(0A) 2,
HRIE L E ) o F1 @ PIASTHE, Bk = AL,

B, Tk M Oy 25 SRR ECER Y, BIA
BEALEN RS> Zy, FIRIAR: Y=XB+Zy+e, Y
R PR AR F I A A 1) 2, XA T O R
By [l 2 RN S E ] 1, Z R RN B AR R
y HBENLSON S H e B, IR (E I & 0, T 2%
[P 225 R G MIER A, oA y~N(,
G), FHLRLN FEAG LA =Fp " OBEHLENH
FECH R A BEHLRUN s QFEALEEE K i BEHLAL
N5 REAIL I I BRI A > B BERLAL N .
e NBENLIRZ i, RIS 0, T2/
5 ZZHEME N R BYIEAS T, Bl e ~N(©O, R).
1.3 1REVIGIF

K H R 4.0.5 8 {F B geepack £, ImerTest £
430 H i GEE 5 MLM AL, fE 2 8, Bk
Python % HH 25 54 25 154

2 R

2.1 GEEZ#ERSHMAITE

AR AL FEVL A 5E 5280, IR
TR, WO REGEFE identify, HRAELL EJE
S, AR GEE B8 .

FEV1 =B, + B, PM,+ B, Age + 3, BMI +
B, Temperature + s Humidity + CORR + ¢

KAR/N ok, SRR ERTTRR, RS B Bo MM, Biv By Bsv Biv Bs AAHIEEY
— bt [ R %, CORR Fan ML AHCH G, & Fonbk
1.2.2 MLMAER #y 32 FZET, AHCACHD WAE 1, GEE Z 8445 5 an
MLM 2 — R MR Y = XB + e MR, 3 2 fis,
FUORBR T A G2 MR R v ) 5k 22 75 2 LE 2SR R
Python R
import pandas as pd library(geepack)

import statsmodels.api as sm

import statsmodels.formula.api as smf

data = pd.read_csv('E:base_data.csv')

fam = sm.families.Gaussian()

ind = sm.cov_struct.Exchangeable()

mod = smf.gee("FEV1~BMI + Temperature + Humidity + Age +
PM2_5","

res = mod.fit()

print(res.summary())

ID", data=data, cov_struct=ind,family=fam)

dtl <-read.csv('E:base_data.csv', encoding="UTF-8§',
stringsAsFactors=F)

fit <— geeglm(FEV1~Age+BMI+PM2_5+Temperature +
Humidity,id=ID,data=dt1,corstr=
'exchangeable',family='gaussian')

ce <— coef(summary(fit))

citab <— with(as.data.frame(cc), cbind(lwr=Estimate1.96*
Std.err, upr=Estimate+1.96*Std.err))

rownames(citab) <— rownames(cc)

1 XAt AR ENR
Box 1. GEE codes in Python and R

http://www.jnewmed.com



336 EZHA 2022 £ 10 A% 32 %% 5 New Medicine, Oct. 2022, Vol. 32, No.5
FR2 X I AESEMGITER
Table 2. Results of GEE parameter estimation

P Python R

fliHE (95%CI) (8 PlE fliHA (95%C1) o 1H PlE
R 2741 (-4.067, 9.549) 0.79 0.430 2.748 (-4.063, 9.558) 0.63 0.429
PM, 5 -0.008 (-0.014, -0.001) -2.31 0.021 -0.008 (-0.014, -0.001) 5.35 0.021
AR 0.033 (-0.340, 0.405) 0.17 0.863 0.033 (-0.340, 0.405) 0.03 0.864
BMI -0.008 (-0.113, 0.096) -0.16  0.875 -0.008 (-0.113, 0.096) 0.03 0.875
R EE -0.012 (-0.055, 0.031) -0.56 0576 -0.012 (-0.056, 0.031) 0.32 0.569
B 0.009 (-0.002, 0.019) 1.61 0.107 0.009 (-0.002, 0.019) 2.62 0.106
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Python

R

import pandas as pd

import statsmodels.api as sm

import statsmodels.formula.api as smf
data = pd.read_csv(' E:base_data.csv ')

mod_lme = smf.mixedIlm("FEV1 ~ BMI + Temperature + Humidity +

modf_lme = mod_Ime.fit()

print(modf_Ime.summary())

Age + PM2_5", groups=datal["ID"], data=datal)

library(ImerTest)

dtl <- read.csv(' E:base_data.csv ',encoding = 'UTF-

8',stringsAsFactors = F)

fitl <— Ilmer(FEV1 ~ Age+BMI+PM2_5+Temperature +
Humidity+(11ID),data=dt1)

summary(fit1)

HE2

BE&MRAREEN

Box 2. MLM codes in Python and R

R3 BEE&MHEESHMAITER
Table 3. Results of MLM parameter estimation

s Python R

A (95%C1) Al PfH fliHE (95%C1) i PfH
(Al 2.746 (-4.126, 9.617) 0.78 0.430 2.746 (-4.126, 9.617) 0.78 0.450
PM, 5 -0.008 (-0.013, -0.002) -2.89 0.004 -0.008 (-0.013, -0.002) -2.89 0.005
AR 0.033 (-0.319, 0.384) 0.18 0.855 0.033 (-0.318, 0.384) 0.18 0.859
BMI -0.008 (-0.107, 0.091) -0.17 0.868 -0.008 (-0.107, 0.091) -0.17 0.872
TR -0.012 (-0.091, 0.066) -0.31 0.756 -0.012 (-0.091, 0.066) -0.31 0.757
iTAES 0.009 (-0.003, 0.020) 1.49 0.137 0.009 (-0.003, 0.020) 1.49 0.140
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