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Abstract

Objective—The purpose of this study was to clarify the causes of the smoking-schizophrenia 

association.

Method—Using Cox proportional hazard and co-relative control models, the authors predicted 

future risk for a diagnosis of schizophrenia or nonaffective psychosis from the smoking status of 

1,413,849 women and 233,879 men from, respectively, the Swedish birth and conscript registries.

Results—Smoking was assessed in women at a mean age of 27 and in men at a mean age of 18. 

The mean age at end of follow-up was 46 for women and 26 for men. Hazard ratios for first-onset 

schizophrenia were elevated both for light smoking (2.21 [95% CI=1.90–2.56] for women and 

2.15 [95% CI=1.25–3.44] for men) and heavy smoking (3.45 [95% CI=2.95–4.03] for women and 

3.80 [95% CI=1.19–6.60] for men). These associations did not decline when schizophrenia onsets 

3–5 years after smoking assessment were censored. When age, socioeconomic status, and drug 

abuse were controlled for, hazard ratios declined only modestly in both samples. Women who 

smoked into late pregnancy had a much higher risk for schizophrenia than those who quit early. 

Hazard ratios predicting nonaffective psychosis in the general population, in cousins, in half 

siblings, and in full siblings discordant for heavy smoking were, respectively, 2.67, 2.71, 2.54, and 

2.18. A model utilizing all relative pairs predicted a hazard ratio of 1.69 (95% CI=1.17–2.44) for 

nonaffective psychosis in the heavy-smoking member of discordant monozygotic twin pairs.

Conclusions—Smoking prospectively predicts risk for schizophrenia. This association does not 

arise from smoking onset during a schizophrenic prodrome and demonstrates a clear dose-

response relationship. While little of this association is explained by epidemiological confounders, 

a portion arises from common familial/genetic risk factors. However, in full siblings and 

especially monozygotic twins discordant for smoking, risk for nonaffective psychosis is 

appreciably higher in the smoking member. These results can help in evaluating the plausibility of 

various etiological hypotheses for the smoking-schizophrenia association.

Address correspondence to Dr. Kendler (kendler@vcu.edu). 

The authors report no financial relationships with commercial interests.

HHS Public Access
Author manuscript
Am J Psychiatry. Author manuscript; available in PMC 2016 November 01.

Published in final edited form as:
Am J Psychiatry. 2015 November 1; 172(11): 1092–1100. doi:10.1176/appi.ajp.2015.15010126.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The association between smoking and schizophrenia is strong and widely replicated. A 

meta-analysis of 42 cross-sectional studies examining current smoking in patients with 

schizophrenia and population controls estimated an odds ratio of 5.3 (1). Despite the 

strength of this association, its etiology remains unclear.

In this study, we attempted to address four questions about the smoking-schizophrenia 

association:

1. Does smoking predict the subsequent risk for schizophrenia? If so, could these 

results arise from smoking onset during prodromal phases of illness?

2. Is there a prospective dose-response relationship between smoking and risk for 

schizophrenia?

3. What proportion of the smoking-schizophrenia association arises from key 

potential confounders, particularly low socioeconomic status and drug abuse?

4. To what extent is the smoking-schizophrenia association due to shared familial/

genetic risk factors?

The prospective relationship between smoking and risk for schizophrenia has been studied 

twice, to our knowledge, with contradictory results. In a sample of 50,000 Swedish male 

conscripts with self-reported smoking assessed at ages 18–20 and followed up over 26 years, 

smoking was associated with a reduced risk for schizophrenia (2). By contrast, an Israeli 

study of 14,000 conscripts at ages 16–17 with follow-up over 4–16 years found that smoking 

was associated with a substantially increased risk for schizophrenia (3).

A dose-response relationship is one important criterion for a potentially causal relationship 

(4), and one was found for smoking and schizophrenia in the prospective Israeli study, using 

self-reported level of consumption (3). Could this be replicated and expanded to measures 

reflecting nicotine dependence?

Of the confounders that could explain the smoking-schizophrenia association, three are 

noteworthy: low socioeconomic status (5–7), drug abuse (8–11), and familial/ genetic 

factors (12, 13). Nicotinic receptor variants that predispose to smoking (14) increase risk for 

schizophrenia (15).

Here we report two prospective cohort studies of the smoking-schizophrenia association in 

1.4 million Swedish women whose smoking status was evaluated during prenatal care, with 

a mean follow-up of more than 18 years, and 230,000 Swedish men whose smoking status 

was recorded in the conscript registry, with a mean follow-up of nearly 8 years. To address 

the four questions outlined above, we matched data from members of these cohorts to 

complete national health care data for subsequent diagnoses of schizophrenia and 

nonaffective psychosis.

METHOD

We linked nationwide Swedish registers via the unique 10-digit identification number 

assigned at birth or immigration to all Swedish residents. The identification number was 
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replaced by a serial number to ensure anonymity. For details on the databases used, see the 

data supplement that accompanies the online edition of this article. We obtained ethical 

approval for the study from the Regional Ethical Review Board of Lund University. The 

date of onset of illness was defined as the first hospital discharge diagnosis for 

schizophrenia or nonaffective psychosis.

Measures

We identified smoking habits in women from the Swedish Birth Register, in which smoking 

was categorized as follows: not smoking, light smoking (1–9 cigarettes/day), or heavy 

smoking (≥10 cigarettes/day). Information on smoking status was recorded at the time of 

registration by the midwife (typically week 12 of pregnancy) from 1981, at week 30–32 

from 1990, and before pregnancy from 1998. When multiple pregnancies were recorded, we 

used data from the first pregnancy for which adequate information was available. Smoking 

status in men was identified from the Military Conscription Register, in which smoking was 

categorized as follows: not smoking, light smoking (1–10 cigarettes/day, 1 packet of 

tobacco/week, or 1–2 packets/week), or heavy smoking (11–20 cigarettes/day, >20 

cigarettes/day, or >2 packets/week). For the definitions used for schizophrenia, nonaffective 

psychosis, chronic obstructive pulmonary disease (COPD), lung cancer, and drug abuse, see 

the online data supplement.

Family-level socioeconomic status was assessed using low parental education as a marker, 

defined as having completed elementary school only. Community-level socioeconomic 

status was defined by a composite measure of neighborhood deprivation (16) that has been 

validated in studies predicting coronary heart disease (16, 17). In the year of smoking 

assessment, this measure was trichotomized into low, middle, and high values. Female-

female relative pairs were identified from the Multi-Generation Register.

Statistical Analysis

We used Cox proportional hazard regressions to investigate the association between 

smoking and time to schizophrenia diagnosis in both the female and male samples, among 

those not diagnosed with non affective psychosis before first smoking assessment, censoring 

for death and end of follow-up. To evaluate the possibility that smoking began during a 

symptomatic prodromal period, we censored from our hazard models buffer periods (from 

smoking assessment to first counted onset) of 1, 3, and 5 years.

Next, in the female sample only, using smoking data from the birth registry, we used pairs of 

monozygotic twins, full siblings, half siblings, and cousins to perform a co-relative analysis. 

Schizophrenia was too rare in our sample to obtain stable estimates from these analyses, so 

we conducted them for nonaffective psychosis and, as a comparison, COPD. The association 

between smoking and outcome was modeled utilizing a stratified Cox regression in which 

each pair is treated as a stratum. We thereby estimated the association within pairs and 

controlled for shared genetic and environmental factors. Monozygotic twins share 100% of 

their genes, while full sisters, half sisters, and cousins share, respectively, on average 50%, 

25%, and 12.5% of their genes by descent. We constructed a model including all four types 

of relative relationships, in which the hazard ratio for each relative type is dependent on the 
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degree of genetic resemblance. The logarithm of the hazard ratios is assumed to be a linear 

function of the proportion of genes shared and of smoking severity. The linearity assumption 

is evaluated by comparing the model’s fit with a model in which the hazard ratios for the 

different relative types are independent, corresponding to separate analyses for the four co-

relative relationships. If the linear model is appropriate, we would obtain an improved 

estimate of the association among monozygotic twins, a subsample in which the data are 

sparse (only six monozygotic pairs were discordant on smoking and nonaffective psychosis). 

Statistical analyses were performed in SAS, version 9.3 (SAS Institute, Cary, N.C.).

RESULTS

Does Smoking Predict Subsequent Risk for Schizophrenia?

Smoking status at first midwife assessment from the birth registry was available for 

1,413,849 women with no prior history of nonaffective psychosis. (For all other relevant 

sample sizes, see online data supplement.) Their mean age at first assessment was 27.3 years 

(SD=5.2), and their mean followup period was 18.5 years (SD=8.4). InTable 1 and Figure 1, 

we first present raw hazard ratios for future episodes of schizophrenia associated with light 

smoking (hazard ratio=2.21, 95% CI=1.90–2.56) and heavy smoking (hazard ratio=3.45, 

95% CI=2.95–4.03).

Smoking data were available for 233,879 men with no prior diagnosis of nonaffective 

psychosis, as part of their evaluation for army conscription between 2002 and 2008. Their 

mean age at evaluation was 18.3 years (SD=0.6), and their mean follow-up period was 7.9 

years (SD=1.9). We analyzed the observed association between light and heavy smoking 

and subsequent risk for schizophrenia in the same manner as with the female sample (Table 

2 and Figure 1). The raw hazard ratios for future episodes of schizophrenia in this sample 

were 2.15 (95% CI=1.25–3.44) for light smoking and 3.80 (95% CI=1.19–6.60) for heavy 

smoking.

Could This Association Arise From Smoking Onset During Illness Prodrome?

Smoking could have occurred as part of a prodromal schizophrenic syndrome. Therefore, we 

assessed the predictive effect of smoking after building in a buffer period from smoking 

assessment to the date at which a first schizophrenia diagnosis would be counted. If the 

smoking-schizophrenia association arose largely from smoking onset during the prodrome, 

this association should attenuate substantially with progressively longer buffer periods. 

Table 1 shows results for 1-, 3-, and 5-year buffer periods for the female sample. The 

smoking-schizophrenia association did not decline with longer buffer periods. Because of 

the shorter follow-up time, we examined buffer periods of only 1 and 3 years in the male 

sample (Table 2). Again, no consistent trend was seen.

Is There a Dose-Response Relationship Between Smoking and Risk for Schizophrenia?

In both our female and male samples, risk for schizophrenia was more strongly associated 

with heavy than with light smoking. We sought to validate our smoking exposure in the 

female sample, which both was larger and had a much longer follow-up period. Could we 

show that the heavy-smoking group indeed had greater smoke exposure than our light 
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smoking group? Odds ratios for subsequent onset of lung cancer in this sample were 4.31 

(95% CI=3.75–4.96) for light smoking and 8.18 (95% CI=7.17–9.34) for heavy smoking. 

For the more commonly occurring COPD, the odds ratios were 4.63 (95% CI=4.38–4.90) 

and 9.39 (95% CI=8.89–9.91), respectively.

We explored another measure of smoking severity as a proxy for nicotine dependence, 

namely, smoking behavior just before and in early and late pregnancy. A total of 643,968 

women reported their smoking status prior to the start of their pregnancy, and 763,899 

women reported their smoking status at week 30–32. Compared with the smoking rate at 

their first prenatal visit, typically at week 1 or 2 (19.4%), smoking was slightly more 

common prior to pregnancy (21.9%) and much lower at week 30–32 (10.1%). In the subset 

of our sample seen in 1999 and later, when smoking was assessed at all three time points, we 

constructed five categories that likely reflect increasing levels of nicotine dependence (Table 

3). For example, women in category 1 only smoked lightly before becoming pregnant and 

quit before their first midwife visit. Those in category 5, by contrast, were smoking heavily 

at week 30–32. For COPD, substantially increased risks were seen for women in categories 

3 to 5, so we can infer that it was these groups that had the highest lifetime smoke exposure. 

For schizophrenia, a significantly increased risk was restricted to women in categories 4 and 

5, and for nonaffective psychosis, increased risk was seen for women in categories 2 to 5.

Does the Smoking-Schizophrenia Association Arise From Key Potential Confounders?

As seen in Table 1 and Figure 1, when we added covariates that reflected neighborhood and 

parental socioeconomic status to the regression model in our female sample, the hazard 

ratios between smoking and schizophrenia were slightly lower (2.16 and 3.35, respectively). 

Drug abuse, another potential confounder, was present in 4.8% (95% CI=4.7–4.9) of the 

smoking women and 0.8% (95% CI=0.8–0.9) of the nonsmoking women in our sample. 

Adding registration for prior drug abuse to the model further reduced the hazard ratios, 

although modestly (to 1.92 and 2.77, respectfully). As seen in Table 2 and Figure 1, adding 

controls for family-level and community-level socioeconomic status results in our male 

sample also resulted in a modest diminution of the smoking schizophrenia association (to 

hazard ratios of 2.05 and 3.45, respectively). A somewhat greater reduction in hazard ratios 

was seen in the male sample when we added prior registration for drug abuse to the model 

(to 1.62 and 2.21, respectively), perhaps because of the higher prevalence in this sample 

(22.4% [95% CI=21.9–22.8] for the smokers and 4.0% [95% CI=3.9–4.1] for the 

nonsmokers).

Does the Smoking-Schizophrenia Association Arise From Shared Familial/Genetic Risk 
Factors?

We next conducted co-relative analyses to examine the degree to which the smoking-

schizophrenia association could be explained by shared familial/genetic risk factors. We 

compared the association between smoking and schizophrenia in our female cohort to the 

associations observed within pairs of relatives of increasing genetic relatedness who had 

been selected on the basis of discordance for smoking. If the smoking-schizophrenia 

association arises largely from shared familial/genetic risk factors, the magnitude of that 

association should decline within pairs of increasing familial/genetic relationship. As most 
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easily seen inmonozygotic twins discordant for smoking, if smoking and schizophrenia co-

occur because of the effect of a common set of risk genes, the risk for schizophrenia should 

be the same in the smoking and the nonsmoking member of such a pair, as they share all of 

their genes.

Because the rarity of schizophrenia in this sample resulted in unstable statistical estimates, 

we emphasize our analyses of nonaffective psychosis and, for comparison, COPD. To 

simplify the interpretation of these findings, we estimated the hazard ratio per one-unit 

increase in the three-level risk factor of nonsmoking, light smoking, and heavy smoking.

In Table 4, we present the descriptive hazard ratios estimated from the entire population and 

from full sisters, half sisters, and female cousins discordant for smoking. No appreciable 

difference is seen in the magnitude of the smoking nonaffective psychosis association in the 

general population and in cousins. Modest decreases are seen in half and full siblings.

To estimate the critical results in monozygotic pairs, we fitted a model based on four sets of 

relative pairs: first cousins, half siblings, full siblings, and monozygotic twin pairs (Table 5). 

For both nonaffective psychosis and COPD, a model that constrained these hazard ratios to 

be dependent on genetic resemblance only slightly changed the within-pair estimates and, as 

detailed in the footnotes to Table 5, fit the data well. For nonaffective psychosis, this model 

predicted a significant association within discordant monozygotic twins between smoking 

and nonaffective psychosis. Where one member of a monozygotic twin pair is a non smoker 

and the other a smoker, the model predicts a relative risk for nonaffective psychosis, 

respectively, 30% higher for the light-smoking co-twin and 69% higher for the heavy-

smoking co-twin (the confidence intervals do not include unity for either of these estimates).

For interest, we also present results for COPD, which has a well-established causal 

association with smoking. The pattern is similar, although the association is stronger overall.

Analogous to results presented for nonaffective psychosis in Table 4, we calculated the 

hazard ratio for schizophrenia in the entire sample (3.58, 95%CI=3.10–4.15) and in cousins 

(3.87, 95% CI=2.86–5.25), half sisters (4.75, 95% CI=2.27–9.91), and full sisters (2.27, 95% 

CI=1.59–3.23) discordant for heavy smoking. While known less precisely, the trend—

showing moderate familial confounding insisters but none in cousins or half sisters—is 

similar to that seen for nonaffective psychosis.

DISCUSSION

We sought in this study to address four important questions about the smoking-

schizophrenia association. We review our findings on each in turn.

Prospective Prediction of Risk

We first sought to examine whether smoking predicted subsequent risk for schizophrenia. 

We found clear evidence for such an effect in both our male and female samples. Despite 

differences in sex and age, the magnitudes of the associations were similar in both cohorts. 

Our findings are congruent with those reported by Weiser et al. (3) in Israeli army recruits. 

Our results are also consistent with a longitudinal study of the British National Psychiatric 
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Morbidity Survey (18) that found, in a multivariate analysis of multiple risk factors, smokers 

to be at nearly twice the risk for incident psychotic symptoms. By contrast, our results are 

discordant with those reported by Zammit et al. (2) in a smaller sample of Swedish army 

recruits in 1969 and 1970, which was not part of the cohort studied here.

A plausible explanation for the prospective association of smoking and schizophrenia is that 

smoking initiation is part of the schizophrenia prodrome. To evaluate this hypothesis, we 

examined whether the association declined when a buffer period was built into the analysis 

between smoking assessment and schizophrenia onset. Consistent with previous work (19), 

we found no appreciable decline in either the female or the male cohort.

Taken together, these results strongly suggest that smoking prospectively increases the risk 

for schizophrenia onset. This is an important result because it provides critical information 

about the potential causes of the smoking-schizophrenia association.

Dose-Response Relationship

Our second question was whether we could demonstrate a dose-response relationship 

between smoking and risk for schizophrenia. Consistent with such an effect, in both our 

samples, the risk for schizophrenia was substantially higher in heavy smokers than in light 

smokers as defined using the standard measure of average consumption of cigarettes per 

day. These findings are also congruent with those reported by Weiser et al. (3) in the Israeli 

army recruits. We were also able to validate our smoking measures (including a greater 

exposure in the heavy compared with the light smokers) by showing robust dose-response 

associations with future risk for lung cancer and COPD, of magnitudes consistent with 

findings from previous epidemiological studies (20, 21).

We were furthermore able to take advantage of a natural experiment to evaluate a different 

kind of dose-response relationship. We had smoking measures at three time points in our 

sample of fertile women: before pregnancy, at first visit to the nurse midwife during the first 

trimester, and at week 30–32. In addition to the social pressure on pregnant women to quit 

smoking, the nurse midwives also typically counsel Swedish women on the adverse fetal 

effects of smoking. In epidemiological samples, declining rates of smoking are associated 

with increasing rates of nicotine dependence in those still smoking (22). We suspect that a 

similar effect occurred in our pregnant women, such that those who were still smoking in 

their third trimester were more nicotine dependent than those who quit earlier. As predicted 

by this hypothesis, we found much higher rates of future COPD in women who were still 

smoking in their third trimester, indicating high levels of smoke exposure. It was also in 

those women that we found the highest rate of schizophrenia.

These results, demonstrated using two distinct methods, are important because a dose-

response relationship between a risk factor and an outcome has long been considered 

supportive of (but far from proof of) a causal relationship (4).

The Role of Confounders

Both socioeconomic status and drug abuse are plausible confounders that might be 

responsible for large proportions of the smoking-schizophrenia association. This is because 
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low socioeconomic status predicts risk for smoking (both in Swedish and U. S. women [5, 

6]) and risk for schizophrenia (7). Drug abuse is also associated with high smoking rates and 

with risk for schizophrenia (10, 11). Using standard regression methods, when we controlled 

for both community-level and family-level socioeconomic status and registration for drug 

abuse, we found relatively modest declines in the smoking schizophrenia association in both 

our female and male cohorts.

The Role of Common Familial/Genetic Risk Factors

To assess whether common familial/genetic risk factors could account for the observed 

smoking-schizophrenia association, we utilized co-relative analyses. We focused our 

analyses on results for nonaffective psychosis, as the results were more stable than those 

obtained for the rarer schizophrenia outcome. However, Swedish psychiatry has a long 

tradition of a narrow diagnostic approach to schizophrenia. Consistent with this, Ekholm et 

al. (23) found that 41% of hospitalized Swedish patients diagnosed with other psychoses 

(most commonly schizoaffective disorder and psychosis not otherwise specified, both of 

which were in our category of nonaffective psychosis) met DSM-IV criteria for 

schizophrenia at diagnostic interview. Furthermore, previous studies have shown a strong 

familial/genetic relationship between narrow schizophrenia and nonaffective psychosis (24, 

25).

The raw Cox results (Table 4) showed a decline in the smoking-nonaffective psychosis 

relationship in full siblings compared with more distant relatives or the general population. 

This is the pattern that would be expected if the association between smoking and 

nonaffective psychosis were partly a result of familial/genetic risk factors that predisposed 

to both smoking and nonaffective psychosis. However, the decline in hazard ratios across 

relatives of increasing affinity was modest. The smoking-nonaffective psychosis association 

remained robust even in smoking discordant full siblings. A steeper decline across classes of 

relatives would be expected if the association resulted entirely from familial confounding.

We formally tested this in a model that incorporated all available information on risk for 

schizophrenia across four groups of relatives: cousins, half siblings, full siblings, and 

monozygotic twins. Fitting the observed smoking-schizophrenia associations across types of 

relatives to those expected given their genetic relatedness, the model provided a good fit to 

the data. It predicted that the risk for nonaffective psychosis is substantially increased in the 

light-smoking and especially the heavy-smoking member of a monozygotic pair compared 

with their nonsmoking co-twin.

These results are important because they expand considerably the possible confounders that 

we evaluated for their impact on the smoking-schizophrenia association. Unlike regression 

methods, which must specify individual measured confounders, the co-relative design 

controls for all potential confounding variables that are familial, which includes a large 

proportion of all human traits and exposures. For example, given previous evidence for the 

high heritability of drug abuse (26–28), the co-relative design complements our more 

standard regression analysis in controlling for this confounding influence.
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Limitations

These results should be interpreted in the context of three potentially important limitations. 

First, we do not have data on lifetime smoking status and therefore had to rely on evidence 

for increased risk for lung cancer and COPD as validating measures. Second, we used only 

clinical diagnoses. However, two previous studies found, using record reviews (29) and 

diagnostic interviews (23), that about 95%of Swedish cases with hospital diagnoses of 

schizophrenia met DSM-IV criteria. Third, we initially focused our analyses solely on 

schizophrenia and nonaffective psychosis and thus could not address the specificity of our 

findings. Therefore, we examined, using the same models, the prediction of first 

hospitalizations for bipolar illness by level of smoking in our female sample. The raw hazard 

ratios for light and heavy smoking were significant but substantially lower than those seen 

with schizophrenia—1.62 (95% CI=1.48–1.77) and 1.90 (95% CI=1.71–2.11), respectively

—and they changed little when we controlled for family and community socioeconomic 

status. However, adding prior drug abuse reduced the observed association to modest levels: 

1.16 (95% CI=1.03–1.30) and 1.25 (95% CI=1.09–1.44), respectively. Consistent with 

previous studies (1), the association of smoking with first diagnosis of bipolar illness was 

considerably weaker than that seen with schizophrenia, especially after the addition of 

critical covariates. These results suggest at least some specificity in the smoking-

schizophrenia association.

CONCLUSIONS

The findings reported here are of particular value because they provide insights into the 

possible causal mechanisms underlying the smoking-schizophrenia association. There are 

three such mechanisms particularly worthy of attention: 1) schizophrenia causes smoking, 2) 

smoking causes schizophrenia, and 3) the association arises from risk factors common to 

both conditions (that is, confounders). We suggest three major conclusions. First, our results 

strongly suggest thatmechanism1 cannot explain the whole story, as in two large and diverse 

population samples we showed that smoking robustly predicted future risk for 

schizophrenia. The smoking-schizophrenia association cannot be explained solely as a result 

of some aspect of schizophrenia, including its symptoms or its treatment, increasing the risk 

of smoking onset. However, our prospective smoking-schizophrenia association was weaker 

than the best estimate of their association when assessed cross-sectionally (meta-analytic 

odds ratio=5.3 [1]). These findings might suggest that part of the smoking-schizophrenia 

association arises from increased initiation or decreased cessation of smoking after 

schizophrenia onset. Second, we found support for mechanism 3 with somewhat stronger 

evidence for familial/genetic factors than for the “leading suspect” epidemiological 

confounders of socioeconomic status and drug abuse. The declining association between 

smoking and schizophrenia in discordant relative pairs of increasing relatedness strongly 

suggests that shared familial/genetic factors account for part of the comorbidity between 

smoking and schizophrenia. Third, however, two of our findings provide support for 

mechanism 2 (30, 31). Examining both cigarettes smoked per day and an indirect but 

ecologically valid measure of nicotine dependence, we found a dose-response relationship 

between smoking and risk for schizophrenia. More importantly, in close relatives discordant 

for smoking, the smoking member was at an appreciably elevated risk for future 
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nonaffective psychosis. However, even our monozygotic twin results are not definitive, as 

they could arise from some environmental exposure that increases risk for both smoking and 

nonaffective psychosis but is not substantially correlated in pairs of close relatives like 

siblings or twins. But the plausibility of such exposures is uncertain, since most documented 

risk factors for schizophrenia, such as paternal age and cannabis exposure, are themselves 

highly familial (7, 32). Furthermore, we ourselves have shown that drug abuse is highly 

heritable in females in Sweden (73%) (28).

In summary, our findings suggest that the causes of the smoking-schizophrenia association 

are complex. Shared familial/genetic risk factors and, to a lesser extent, other 

epidemiological confounders contribute to the association. While a schizophrenia → 

smoking causal pathway cannot explain the entire association, we found indirect evidence 

for its importance. Most challenging and hopefully stimulating to further research is our 

evidence for the potential importance of a causal relationship between smoking and risk for 

schizophrenia (31).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
Hazard Ratios for the Risk of Future Onset of Schizophrenia in Fertile Swedish Women and 

Male Army recruits, as Predicted by Light and Heavy Smoking Statusa
a Adjustment for socioeconomic status is based on measures of both family socioeconomic 

status (as assessed by low parental education) and community socioeconomic status (as 

assessed by neighborhood deprivation). Adjustment for drug abuse is based on registration 

for drug abuse in any of several registries (see the online data supplement). Error bars 

indicate 95% confidence intervals.
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