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Abstract. – OBJECTIVE: Multicause-of-death 
methods were used to analyze mortality and 
leading causes of death associated with poly-
myalgia rheumatica (PMR) in the United States 
from 1999 to 2020.

MATERIALS AND METHODS: We analyzed 
mortality data from the Centers for Disease Con-
trol and Prevention (CDC) Data analysis system 
and selected death certificates that listed PMR 
as the cause of death based on the Internation-
al Statistical Classification of Diseases and Re-
lated Health Problems (ICD-10) category code. 
Relevant mortality rates, number of deaths and 
historical trends were analyzed. The number of 
PMR-related deaths and age-standardized mor-
tality rate (ASMR) trend charts were made using 
Excel 2010 version and trend lines were added.

RESULTS: Over the last 22 years, the to-
tal number of PMR-related deaths in the Unit-
ed States was 15,421 women (89.8%), a ratio 
of about 1:9 men to women. When PMR is list-
ed as the underlying cause of death, the ASMR 
for women and men (per 100,000 people) is ap-
proximately 1.8-5.1:1, and when it is listed as 
the non-underlying cause of death, it is 1.8-
3.3:1. PMR deaths are more frequent in indi-
viduals aged 70 years and above, with patients 
aged 80 years and above being most affected. 
Among different ethnicities, the highest num-
ber of deaths was found in Caucasians, followed 
by Black or African American. When it comes to 
causes of death, heart disease still ranks first, 
followed by cancer. In addition, we also found 
that when PMR combined with malignant tu-
mors as a multiple cause of death, the number 
of female deaths was higher than that of male 
deaths, the overall number of deaths of both 
showed an upward trend, and the overall ASMR 
of both showed a downward trend.

CONCLUSIONS: In the past 22 years, we have 
observed a low mortality rate of PMR in the Unit-

ed States. However, for patients with PMR, es-
pecially elderly women, medical workers should 
be vigilant and pay attention to whether they 
are combined with other complications, such as 
malignant neoplasms, and make timely diagno-
sis and treatment to further reduce the mortality 
rate of patients with PMR.
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ity, Malignant neoplasms.

Introduction

Polymyalgia rheumatica PMR is a rheumatic 
disease associated with moderate to severe muscu-
loskeletal pain and stiffness in the neck, shoulders, 
and hips. It affects people over the age of 50, with 
an average age of onset of about 70. Women are 
more affected than men1. The incidence increas-
es with age. Previous studies2,3 have found that 
between 1970 and 1999, the incidence of PMR 
in Olmsted County was 59 per 100,000, and the 
survival rate was similar to that of the general pop-
ulation. In different populations, the prevalence of 
PMR is 12-60/100,000, and the age-standardized 
mortality rate (ASMR) is about 0.704,5.

Other complications may occur with PMR, and 
there is a lack of conclusive evidence as to which 
comorbidities are co-existing with or possibly re-
lated to PMR. Some evidence6 shows that PMR 
significantly increases the risk of cardiovascular 
disease (CVD) and malignant tumors and may be-
come one of the main causes of death. It remains 
unclear if the cause of death mentioned in PMR 
and its ranking have changed in the last 22 years.
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Among diseases that mimic PMR, tumors de-
serve further study. The possibility that PMR 
may be a paraneoplastic syndrome has been 
unanimously accepted, but how often this occurs 
is still under discussion7,8. Patients with PMR 
have a 69% increased risk of developing cancer 
within the first 6 months after a PMR diagno-
sis9. In similar studies10, an increased risk of 
cancer was observed after one year of hospital-
ization, with malignancy observed in about 5.5% 
of patients. At present, there is a lack of relevant 
studies on the death of PMR complicated with 
malignant tumors.

Therefore, this study aimed to describe 
PMR-related deaths and the leading causes of 
death using multiple cause-of-death methods 
based on nearly 22 years of death certificate data 
from the the Centers for Disease Control and 
Prevention (CDC).

Materials and Methods

We used the U.S. CDC database to derive 
deaths per 100,000 people and age-standardized 
mortality rates from 1999 to 2020. According to 
the 10th Revision of the International Statistical 
Classification of Diseases and Related Health 
Problems (ICD-10)11, category code: polymyal-
gia rheumatica (M35.3), malignancy (C00-D97). 
By analyzing data on fatalities, mortality rates, 
and past patterns, we examined various factors, 
including gender, age at death (categorized as < 
60 years, 60-69 years, 70-79 years, ≥ 80 years), 
alterations in the hierarchy of causes of death 
when PMR was cited as the primary cause, and 
the comparison of fatalities and ASMR when 
PMR was associated with malignant tumors over 
the past 22 years. The ratio of female to male 
deaths was calculated when PMR was listed as 
the underlying cause of death and when PMR 
was listed as the non-underlying cause of death. 
The number of PMR-related deaths and ASMR 
(per 100,000 people) were trended in Excel 2010 
and trendlines were added. This research was not 
conducted on either humans or animals. There-
fore, no ethics approval was required.

Results

During the period 1999-2020, the total number 
of PMR-related deaths in the United States was 
21,136, of whom 5,715 (10.2%) were men and 

15,421 (89.8%) were women (Table I), for a ratio 
of approximately 1:9 men to women. When PMR 
is listed as the underlying cause of death, there 
are 2,000 deaths (9.5%) in the period 1999-2020, 
and there is a decreasing trend, with a separate 
decreasing trend in the number of female deaths 
and no significant change in the number of male 
deaths. ASMR (per 100,000 people) is approx-
imately 1.8-5.1:1 in women and men, with a 
decreasing trend, and PMR deaths are more com-
mon in patients aged 70 years and older, mainly 
concentrated in patients in the 80 + age group 
(Table I and Table II). When PMR is classified 
as a non-underlying cause of death, there are 
19,136 deaths (90.5%) in the period 1999-2020. 
The annual number of deaths has a downward 
trend and then an upward trend; the number 
of female deaths shows a downward trend, the 
number of male deaths shows a fluctuating trend, 
and the ASMR of women and men (per 100,000 
population) is about 1.8-3.3:1. PMR deaths are 
more common in patients over the age of 80 years 
(Table I).

In addition, when PMR was used as a multiple 
cause of death, we found that there were 798 
deaths under 70 years old, 3,458 deaths between 
70 and 79 years old, and 16,880 deaths over 80 
years old when we analyzed the number and 
proportion of deaths in different age groups. The 
proportion of deaths by age group is shown in 
Figure 1. The number of deaths is mainly concen-
trated in people over 70 years of age, especially 
those 80 years of age and above.

At the same time, we analyzed the number of 
sex-specific deaths in PMR as a multiple cause 
of death and the number of ASMR and ethnic 
deaths. We found that between 1999 and 2020, 
women had a higher death rate and age-stan-
dardized mortality rate (ASMR) than men. The 
number of female deaths and ASMR showed a 
decreasing trend. The number of deaths among 
males and the popularity of ASMR have been 
decreasing in general, but both have shown an in-
crease during the years 2018-2022 (Figures 2 and 
3). For different ethnic groups (including Asian or 
Pacific Islander and American Indian or Alaska 
Native, Black or African American, and White), 
we found that the highest number of deaths 
between 1999-2020 were White, with 20,296 
deaths, followed by Black or African American 
with 604 deaths, Asian or Pacific Islander and 
American Indian or Alaska Native had the fewest 
deaths, with 236 deaths. The number of deaths by 
ethnicity is shown in Figure 4. 
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Table I. Number of PMR-related deaths in the US from 1999 to 2020 stratified by year.

	 1999	 2000	 2001	 2002	 2003	 2004	 2005	 2006	 2007	 2008	 2009	 2010

All PMR-related deaths No.	 1,016	 994	 1,064	 1,053	 1,039	 963	 920	 986	 896	 954	 937	 1,012
PMR listed as the UCD	 84	 96	 111	 124	 92	 92	 93	 99	 77	 100	 87	 101
  Men, No.	 25	 20	 27	 28	 15	 22	 32	 21	 21	 25	 19	 24
Women, No.	 59	 76	 84	 96	 77	 70	 61	 78	 56	 75	 68	 77
Ratio of women to men	 2.4	 3.8	 3.1	 3.4	 5.1	 3.2	 1.9	 3.7	 2.7	 3.0	 3.6	 3.2
Age, No.												          
< 60 years	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -
60-69 years	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -
70-79 years	 13	 13	 14	 14	 13	 17	 16	 16	 10	 19	 15	 15
> 80 years	 68	 78	 93	 101	 71	 67	 71	 82	 66	 78	 67	 81
PMR listed as the NUCD	 932	 898	 953	 929	 947	 871	 827	 887	 792	 854	 850	 911
Men, No.	 218	 217	 232	 244	 232	 213	 212	 244	 204	 212	 242	 243
Women, No.	 714	 681	 721	 685	 715	 658	 615	 643	 588	 642	 608	 668
Ratio of women to men	 3.3	 3.1	 3.1	 2.8	 3.1	 3.1	 2.9	 2.6	 2.9	 3.0	 2.5	 2.7
Age, No.												          
< 60 years	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -
60-69 years	 30	 25	 32	 25	 44	 40	 23	 28	 26	 30	 29	 21
70-79 years	 203	 185	 204	 189	 187	 163	 177	 149	 140	 159	 157	 149
> 80 years	 782	 776	 819	 832	 804	 754	 713	 802	 727	 758	 747	 832

Polymyalgia rheumatica (PMR); underlying cause of death (UCD); non-underlying cause of death (NUCD).
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Table II. Number of PMR-related deaths in the US from 2011 to 2020 stratified by year.

	 2011	 2012	 2013	 2014	 2015	 2016	 2017	 2018	 2019	 2020	 All

All PMR-related deaths No.	 963	 944	 911	 865	 882	 900	 919	 861	 908	 1,149	 21,136
PMR listed as the UCD	 102	 110	 84	 83	 95	 79	 63	 70	 78	 80	 2,000
  Men, No.	 28	 31	 20	 20	 27	 23	 13	 20	 28	 22	 511
Women, No.	 74	 79	 64	 63	 68	 56	 50	 50	 50	 68	 1,489
Ratio of women to men	 2.6	 2.5	 3.2	 3.2	 2.5	 2.5	 3.8	 2.5	 1.8	 3.1	 2.9
Age, No.											         
< 60 years	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	 12
60-69 years	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	 70
70-79 years	 14	 15	 0	 0	 14	 13	 14	 11	 10	 12	 294
> 80 years	 85	 93	 73	 72	 79	 61	 49	 56	 67	 66	 1,624
PMR listed as the NUCD	 861	 834	 827	 782	 787	 821	 856	 791	 830	 1,069	 19,136
Men, No.	 240	 223	 248	 198	 217	 251	 263	 218	 283	 360	 5,204
Women, No.	 621	 611	 579	 584	 570	 570	 593	 573	 547	 709	 13,932
Ratio of women to men	 2.6	 2.7	 2.3	 2.9	 2.6	 2.3	 2.3	 2.6	 1.9	 2.0	 2.7
Age, No.											         
< 60 years	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	 132
60-69 years	 26	 28	 31	 30	 24	 40	 38	 26	 29	 41	 666
70-79 years	 131	 142	 117	 128	 127	 135	 135	 123	 157	 201	 3,458
> 80 years	 797	 773	 760	 701	 725	 717	 741	 707	 714	 889	 16,880
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We also looked for the ranking of the top 10 
causes of death in the last 22 years (1999-2008) 
and the next 10 years (2011-2020) that mentioned 
PMR as the underlying cause of death (Tables 
III and IV) and found that the last 10 years com-
pared with the first 10 years, diseases of heart 
and malignant neoplasms ranked first and sec-

ond, respectively. Some new diseases were added 
or changed in the rankings, including accidents 
(unintentional injuries) (ninth) and COVID-19 
(tenth). Alzheimer’s disease and chronic lower 
respiratory diseases have swapped their positions 
on the list of leading causes of death. Alzheimer’s 
disease now ranks third, while chronic lower re-
spiratory diseases rank fourth. Cerebrovascular 
diseases dropped from third to fifth. Diabetes 
mellitus dropped from fourth to sixth place. 
Influenza and pneumonia fell from seventh to 
eighth.

In our study, we also found that during 1999-
2020, the total number of PMR patients com-
bined with malignant tumors as multiple causes 
of death was 2,982, accounting for 14.1% of the 
total number, including 1,788 (60.0%) women and 
1,194 (40.0%) men. The number of deaths caused 
by PMR was higher in women compared to men. 
In the recent period (2018-2020), the number of 
PMR deaths in women gradually increased, with 
the overall trend being slow and fluctuating. On 
the other hand, the number of PMR deaths in 
men also increased recently (2017-2020), with 
the overall trend being more obvious than that in 
women (Figure 5). Women’s ASMR was lower 
than men’s in 2000, 2004, 2007-2008, 2012, 2015, 

Figure 1. The number and proportion of deaths in different 
age groups.

Figure 2. PMR deaths by gender in the US from 1999 to 2020.
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and 2017, and higher than men’s in the remaining 
years. After 2018, ASMR increased year by year, 
while the overall ASMR of both showed a down-
ward trend (Figure 6).

Discussion 

The results of this study show that from 1999 
to 2020, ASMR in women with PMR was higher 

Figure 3. ASMR by gender PMR in the US from 1999 to 2020.

Figure 4. The number and proportion of PMR deaths by 
race in the US from 1999 to 2020.

Table III. Ranking of underlying causes of death in PMR 
mentioned from 1999 to 2008.

UCD - ICD-10 113 cause list	 Deaths

#Diseases of heart (I00-I09,I11,I13,I20-I51)	 2,896
#Malignant neoplasms (C00-C97)	 916
#Cerebrovascular diseases (I60-I69)	 664
#Diabetes mellitus (E10-E14)	 432
#Chronic lower respiratory diseases (J40-J47)	 409
#Alzheimer disease (G30)	 356
#Influenza and pneumonia (J09-J18)	 278
#Essential hypertension and hypertensive	 229
  renal disease (I10,I12,I15)
#Septicemia (A40-A41)	 121
#Nephritis, nephrotic syndrome and	 104
  nephrosis (N00-N07,N17-N19,N25-N27)

Table IV. Ranking of underlying causes of death in PMR 
mentioned from 2011-2020.

UCD - ICD-10 113 cause list	 Deaths

#Diseases of heart (I00-I09,I11,I13,I20-I51)	 2,083
#Malignant neoplasms (C00-C97)	 935
#Alzheimer disease (G30)	 516
#Chronic lower respiratory diseases (J40-J47)	 454
#Cerebrovascular diseases (I60-I69)	 432
#Diabetes mellitus (E10-E14)	 355
#Essential hypertension and hypertensive	 259
  renal disease (I10,I12,I15)
#Influenza and pneumonia (J09-J18)	 198
#Accidents (unintentional injuries) 	 174
  (V01-X59,Y85-Y86)
#COVID-19 (U07.1)	 122
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than in men, with a mortality ratio of about 9:1. 
A higher PMR-related mortality in women is 
associated with a higher prevalence in women2. 
When PMR was listed as the underlying cause 
of death and the non-underlying cause of death, 

the number of deaths showed an increasing 
trend, and the number of deaths of men showed 
an increasing trend, while the number of deaths 
of women showed a decreasing trend, which 
may be related to the more obvious symptoms 

Figure 5. The number of deaths from PMR combined with malignant tumors by gender between 1999 and 2020.

Figure 6. The ASMS from PMR combined with malignant tumors by gender between 1999 and 2020.
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of women’s timely medical treatment. In addi-
tion, we also found that when PMR was listed as 
the underlying cause of death or non-underlying 
cause of death, the number of deaths mainly 
occurred in patients over 70 years old, especial-
ly in patients over 80 years old, which may be 
related to the age at diagnosis. Some studies12 
found that the peak was between 70 and 75 
years old, and the average age at the first diag-
nosis of PMR was 70 years old. 25% were aged 
between 70 and 79 at the time of diagnosis. The 
highest proportion of deaths at age 80 and older 
may be associated with aging of the immune 
system and also with increased susceptibility to 
autoimmune processes and infections13,14. In our 
study, it was also found that both the number of 
deaths and ASMR in female patients with PMR 
were higher than those in male patients, which 
may be related to the ratio of male to female 
patients. Some research15 results showed that 
women may be 2-3 times more affected by PMR 
than men. Overall, female ASMR exhibited a 
downward trend, whereas male ASMR showed 
an upward trend. This may be related to the 
emergence of new drugs and the more apparent 
symptoms in female patients. Regarding differ-
ent ethnic groups, the study found that between 
1999 and 2020, the highest number of deaths 
occurred among Caucasians, with the lowest 
number of deaths occurring among Asian or 
Pacific Islanders and American Indians or Alas-
ka Natives. Previous studies16 have found that 
PMR is more prevalent in people of Northern 
European descent than in other populations. In 
Southern Europe and other parts of the world, 
the estimated incidence and prevalence of PMR 
are much lower, and a low incidence of PMR 
has been reported in South Korea17, thus indi-
cating that PMR is significantly less common 
in the Asian or Pacific Islander and American 
Indian or Alaska Native. In addition, while all 
racial and ethnic groups can be affected, PMR 
is rarely reported among African American and 
Hispanic populations16. 

In this study, Tables II and III present the 
ranking of PMR as the underlying cause of death 
from 1999 to 2008 and from 2011 to 2020. Heart 
diseases and malignant neoplasms still rank in 
the front, which may be closely related to age. 
Previous studies18 believed that cardiovascular 
diseases and malignant tumors were the main 
causes of death caused by rheumatic diseases, 
which was basically consistent with our findings. 
The new cause of death is COVID-19, which is 

related to the occurrence of the epidemic in re-
cent years and the use of immunosuppressants in 
PMR patients, which can increase the severity of 
the disease in patients19. Accidents (unintentional 
injuries) are related to the improvement of peo-
ple’s living standards and the widespread use of 
cars as a means of transportation. The ranking 
of Alzheimer’s disease increased in the last 10 
years, which is closely related to the older age 
of onset of the disease and the aging population. 
The rise in chronic lower respiratory disease 
ranking may be related to lower resistance and 
greater susceptibility to respiratory infections in 
the elderly. Cerebrovascular diseases, diabetes 
mellitus, influenza, and pneumonia fell from the 
previous decade; it is related to the application of 
upgraded drugs such as antiplatelet drugs, hypo-
glycemic drugs, insulin, antibiotics, and antiviral 
drugs in recent years20-23.

With the progression of the disease, PMR is 
closely related to the increased risk of malignant 
tumors. Our study found that PMR accounted for 
14.1% of the total number of malignant tumors 
combined with PMR. The death toll of women 
and men showed an upward trend, and ASMR 
showed an overall upward trend, and the trend 
was more obvious than that of women. Studies 
have shown that PMR patients have a 69% in-
creased risk of developing cancer in the first 6 
months after a PMR diagnosis9, and in a similar 
study, it was observed that the cancer risk in PMR 
patients was highest in the first year after hospi-
talization10. In the first year after a PMR diagno-
sis, some researchers24 have observed that a high 
risk of cancer may lead to misdiagnosis. Finally, 
it has been emphasized that PMR and metastatic 
symmetry serosynovitis with pitting edema may 
be neoplastic warnings.

This study revisited the question of PMR-re-
lated mortality over the last 22 years. The use 
of multiple cause-of-death analysis is one of the 
main characteristics and strengths of this study. 
Multiple cause-of-death analysis methods were 
used to determine the maximum number of like-
ly deaths associated with autoimmune diseases, 
which are often referred to as related causes of 
death25. In this study, PMR was classified as a 
related cause of 90.5% of deaths. The under-
estimation of rheumatic diseases in mortality 
statistics is attributed to the identification of one 
of its complications, such as infection or car-
diovascular disease26,27, which often become the 
underlying cause of death. It is important to note 
that this study has some limitations. For instance, 
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even though mortality data in the United States 
is processed automatically, recording the cause of 
death still relies on trained disease logists. These 
experts may unintentionally introduce incorrect 
ICD-10 codes, which could affect the accuracy 
of the data.

Conclusions

In this study, we used multiple cause-of-death 
analyses to characterize PMR-related mortal-
ity in the United States over a nearly 22-year 
period. We observed a predominance of deaths 
in women aged 80 years and older with PMR. 
Caucasians accounted for the largest number of 
deaths. The number of PMR deaths and ASMR 
deaths has declined, but only 9.5% of deaths 
were identified as the underlying cause of PMR. 
This suggests that PMR mortality statistics may 
be underestimated. When referring to PMR as 
the underlying cause of death, diseases of heart 
were still the primary cause, followed by ma-
lignant neoplasms. Although the results of this 
study show that PMR mortality is generally low, 
clinicians should actively regulate and rationally 
treat PMR, and closely monitor patients with 
risk factors (such as screening for malignant 
tumors) to improve patient prognosis and further 
reduce mortality.
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