
Supplementary Appendix S1

 Instrumental variables model using FTE GPs 

There may be a two-way relationship (endogeneity) between the number of GPs and the number of 

emergency hospital admissions in an area. A high rate of emergency admissions, may encourage some 

GPs to practise in an area, especially since practising in a deprived area may attract higher 

remuneration. As well as the numbers of GPs affecting the number of emergency admissions, the 

number of emergency admissions may affect the number of GPs wanting to work in an area. Under 

these circumstances of endogeneity use of ordinary least squares (OLS) regression would produce 

biased coefficients.  The stock of headcount GPs and FTE GPs in each PCT, rather than be exogenous, 

may be correlated with unobserved positive demand shocks for healthcare. Thus, an increased supply 

of GPs may be correlated with unobserved demand factors that increase hospital admissions, even 

after controlling for the time-constant differences between areas, and socio-economic factors. 

On the other hand, there may be a negative bias to the estimates of the GP effects. GP location 

decisions are also affected by the GP remuneration system. Some types of payment are related to the 

mix of types of patient and the composition of the patient population varies across areas. For example, 

payments are related to the age of patients and their deprivation levels, fee per item payments for such 

things as night visits for high risk groups, and payments for meeting quality targets. Thus it is possible 

that there may be higher rewards per patient in areas with different health status. Hence it is possible 

that GP supply could be positively or negatively associated with hospital admission. 

To control for this reverse causality, we estimate a two stage least square model (2SLS): 

𝐺𝑃𝑝𝑗𝑡 = 𝛽𝑋𝑝𝑗𝑡 + 𝛼𝐹𝐸𝑀𝑝𝑗𝑡 + 𝜌𝐺𝑅𝑝𝑗𝑡 + 𝑍𝑗𝑡 + 𝑑𝑗𝑡 +𝜔𝑗𝑡 + 𝜎𝑗 + 𝜇𝑡𝑗 + 𝜀𝑗𝑡 (2) 

𝐹𝑗𝑡 = 𝛽𝑋𝑝𝑗𝑡 +⏞𝛼𝐺𝑃  𝑝 𝑗𝑡 + 𝜌𝐺𝑅𝑝𝑗𝑡 + 𝑍𝑗𝑡 + 𝑑𝑗𝑡 + 𝜔𝑗𝑡 + 𝜎𝑗 + 𝜇𝑡𝑗 + 𝜀𝑗𝑡 (3)

The terms of these two equations are similar to those in equation 1, except that we control for 𝛼𝐹𝐸𝑀𝑗𝑡 , 

the numbers of female GPs (FTE) per 1,000 population in PCT p at time t as an instrument for the 

number of GPs FTE per 1,000 population of LSOA j in PCT p at time t, GPpjt. 



Instrumental Variable for Number of GPs in terms of Headcount 

Another instrument used is the share of GPs across England in 1980. This approach typically relies on 

an instrumental variable which was originally developed  by Card 2001 [18]  to assigns different 

numbers of immigrants to each city in each year without influencing labour market outcomes in the city 

through any channel other than its impact on immigration flows. In this context we can use the same 

approach but the variable is the number of GPs in terms of headcount. . The number of GPs located in 

a PCT over time are instrumented by the share of GPs located in this area in 1980 multiplied by the 

total number of GPs in year t. Specifically, let GPpt be the total population of GPs practising in PCT p in 

year t, and SGPp1980 the share of GPs practising  in PCT p in year 1980. The share of GPs in 1980 in 

area p is calculated as:  

   We then construct the imputed stock of GPs in PCT p in year t as follows: 

  We use this to forecast the number of GPs in PCT p in year t as the instrument 

for the explanatory variable GPjt in the hospital admissions equations. The results using this method 

are presented in the in Table S1 below. Again, the number of GPs does not influence the number of 

emergency admissions in an area. 
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Supplementary Table S1: Impact of number of GPs Headcount and of GP practices on 

Emergency Hospital Admissions  

 Headcount GPs 

OLS 2SLS 

A1 A2 A3 A4 

 Female pop (%)   0.483***   0.483***   0.455***   0.454***  

(0.08) (0.08) (0.08) (0.08) 

 Female po +60 (%)   1.792***   1.770***   1.769***   1.770***  

(0.12) (0.12) (0.11) (0.12) 

 Male pop. +65 (%)   1.858***   1.836***   1.870***   1.871***  

(0.17) (0.17) (0.17) (0.17) 

 Black ethnicity (%)   1.101***   0.909***   1.576***   1.602***  

(0.33) (0.34) (0.29) (0.33) 

 Asian ethnicity (%)   1.313***   1.039***  0.417 0.441 

(0.35) (0.38) (0.41) (0.42) 

 Revenue per head  -0.41 -0.696 0.055 0.041 

(0.62) (0.60) (0.65) (0.69) 

 GPs Density PCT 1k pop  -15.264*** -20.588***  11.360**  11.746 

(4.271 (4.39) (5.07) (7.35) 

 GP.practices Density PCT 

1k pop  
No   99.005***  No  -3.845 

(27.01) (36.73) 

 WIC-OOH Density PCT 1k 

pop  
No  -69.66 No  -43.745 

(80.99) (83.95) 

 N  298801 298801 298801 298801 

* , ** , *** . Standard errors in parenthesis. Robust and cluster standard errors at PCT. 

Year, urban/rural, deprivation and prevalence disease fixed effects are included

0.10<p 0.05<p 0.01<p


